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A B S T R A C T   

Despite the popularity of coastal recreational ecosystem services, and their linked synergies and tradeoffs with 
regulating and provisioning ecosystem services, there is uncertainty over integration into decision-making. There 
are few empirical analyses of decision-making, and “governance is largely ignored” (Primmer et al., 2015, pg. 
158). This case study details decision-making following a major coastal hazard, Hurricane Harvey in the Gulf of 
Mexico, in the United States (U.S.). It illustrates how collaborative adaptive governance of recreational 
ecosystem services enhances coastal resilience, or the ability to recover after a hazard. Evidence of resilience 
centered policy is surprising in the U.S. state of Texas, a conservative subnational area where the denial of 
climate change science is popular in the epicenter of the U.S. oil and gas industry. This research suggests the 
devastating hurricane and the popularity of recreational ecosystem services provided a window of opportunity 
for policy makers to address resilience, which would have been otherwise impossible for political reasons. As part 
of this process, decision-makers and stakeholders 1) sought out new and innovative funding sources for rapid 
recreational infrastructure repairs focused on resilience, 2) prevented the loss of public waterfronts and small 
businesses in the nature based recreational economy that constitute major parts of local identity, and 3) 
enhanced decision maker capacity to include local ecological knowledge in novel and potentially transformative 
ways. Recreational ecosystem services, due to their obvious economic importance and popularity, may act as 
unifying symbols to decision-makers, allowing them enact policy to respond to climate impacts and to conserve 
ecosystem services in places where this is otherwise politically unpopular.   

1. Introduction 

Ecosystem services research translates ecosystem values to decision- 
makers in ways that were previously dismissed as externalities (Chan 
et al., 2012). Ecosystem services are the benefits that humans derive 
from ecosystem functions that enhance human well-being (Costanza 
et al., 1997, 2014). More specifically, cultural ecosystem services are the 
aesthetic, artistic, educational, spiritual, and scientific benefits of eco-
systems. They receive the least attention in the ecosystem services 
literature beyond economic analysis, which has important insights but 
limited potential to fully explain their importance to decision-makers 
(Chan et al., 2012) (see Fig. 1). 

Recreational ecosystem services, classified in the Millenium Ecosystem 
Assessment as a type of cultural ecosystem service, are embodied in 
nature-based recreation (NBR) activities including bird watching, 
camping, fishing, licensed hunting, swimming, spending time outdoors, 
and scientific study (de Groot et al., 2002; MEA, 2005). They benefit 

human well-being through improved physical health, emotional con-
nections to the environment, and mental health (MEA, 2005; Hermes 
et al., 2018). 

The Common International Classification of Ecosystem Services 
(CICES) developed by Haines-Young and Potschin-Young (2018) offers a 
more up to date classification system of global significance. The focus of 
CICES is on how living systems (biodiversity) give rise to services. 
Specifically, they describe NBR services as cultural (biotic) services, with 
the relationships relevant to this study defined as direct, in-situ and 
outdoor interactions with living systems that depend on presence in the 
environmental setting. These are further subdivided into physical and 
experimental interactions with the natural environment, intellectual 
and representative interactions with the natural environment, and 
spiritual and symbolic interactions with the natural environment 
(Haines-Young and Potschin, 2014; Haines-Young and Potschin-Young, 
2018). 

Hermes et al. (2018) traces several key relationships analyzed by 
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NBR scholars specific to NBR on coastal landscapes and for wildlife 
viewing, which are relevant to this paper. Biodiversity and wildlife 
richness are important drivers of NBR (Arbieu et al., 2018; Hermes et al., 
2018; McGinlay et al., 2018). Facilities for recreation (i.e. trails), the 
range of activities available (i.e. cycling, walking, horse riding), and the 
frequency of visits to a particular natural space for NBR are related to 
ecosystem services values (Moseley et al., 2018). Infrastructure such as 
trails, lookouts, roads, shops, and parking lots are positively related to 
demand for recreation in a natural area (Heagney et al., 2018). 

Coastal landscapes are some of the most popular NBR destinations in 
the world, attracting growing numbers of people with ever increasing 
incomes and amounts of leisure time (MEA, 2005; Davenport and 
Davenport, 2006; Reed and Merenlender, 2008; Moreno and Becken, 
2009; Ditton et al., 2011). Globally NBR is the fastest growing tourism 
sector, and there is international recognition among decision-makers 
that managing recreational ecosystem services is an important eco-
nomic strategy (Balmford et al., 2009). 

The ecosystem services literature is uniquely poised to offer insights 
to inform decision-makers. Yet, “as research concentrates on producing 
knowledge about ecosystems and their value for humans, the issues of 
decision-making, policy implementation and governance are largely 
ignored,” a statement especially true in the context of cultural ecosystem 
services (Chan et al., 2012; Primmer et al., 2015, pg. 158). While 
resource and land use sectors commonly make policy with attention to 
ecosystem services, this is less true in other sectors that rely just as much 
on ecosystem services but may not include their consideration in 
decision-making (Primmer and Furman, 2012; Loft et al., 2015; Falk 
et al., 2018; Sattler et al., 2018). 

This case study describes governance of recreational ecosystem ser-
vices in response to a major coastal hazard, Hurricane Harvey, in the 
American (U.S.) state of Texas, located in the Gulf of Mexico coastal 

region. The second most populous state, Texas is also one of the top five 
fastest growing in the U.S. (Soergel, 2019). Texas is an important sub-
national case of ecosystem services governance for political reasons. The 
denial of the science behind climate change is high in this conservative 
state, as it is the epicenter of the U.S. oil and gas industry (Hooks, 2020). 

For that reason, the likelihood that decision-makers would make and 
implement policy to adapt to the impacts of a changing climate is un-
likely. However, research shows that people who experience hazards 
such as hurricanes, which are expected to worsen with climate change, 
are more likely to change their minds when it comes to denying the 
science behind climate change (Deeg et al., 2019). 

This study details how local decision makers with conservative 
constituencies built resilience to future extreme weather events, 
managed for recreational ecosystem services, and used local ecological 
knowledge in decision-making in ways that may not have been politi-
cally feasible without the hurricane. In other words, the governance of 
recreational ecosystem services following an extreme weather event is 
an example of a “window of opportunity” for no-regrets policies that 
synergistically enhance ecological conservation efforts and climate 
readiness in coastal communities, especially in ones hostile to climate 
policies under normal circumstances (Field and Intergovernmental 
Panel on Climate Change, 2012). 

The IPCC calls such measures “triple win” solutions, as they provide 
risk reduction, support biodiversity conservation, and enable economic 
livelihoods associated with NBR (Field and Intergovernmental Panel on 
Climate Change, 2012, pg. 343). Research from other sites in the Gulf of 
Mexico shows that deterioration of ecosystems, or “natural defenses,” 
increases vulnerability to coastal hazards. In New Orleans, economic 
development caused 4,800 square kilometers of wetlands in the Mis-
sissippi to be drained, increasing the disastrous impacts of Hurricane 
Katrina, the most expensive hurricane in American history (Renaud 
et al., 2013). Deterioration of ecosystems would also negatively impact 
recreational ecosystem services simultaneously. 

Recreational ecosystem services unify political foes because of their 
universal popularity1, allowing for political opportunities that may not 
otherwise exist. The rise of rightwing populism across the globe suggests 

Fig. 1. Communities of the Texas Coastal Bend region where Harvey’s first struck on August 25, 2017 Source and Attribution: Freevectormaps.com (xxxx).  

1 According to the National Recreation and Park Association, 91% of Amer-
icans engage in outdoor recreation hosted by a federal, state, or local agency 
(NRPA, 2019) 
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that policy on climate and environmental conservation may face set-
backs (BBC News, 2018; Popovich et al., 2019; Serhan, 2020). This 
research showcases the potential for recreational ecosystem services 
governance to create synergies with broader forms of ecological con-
servation and with policies that promote resilient climate readiness. 

This study mobilizes the ecosystem services governance literature to 
analyze how adaptive governance enables coastal communities, reliant 
on recreational ecosystem services, to recover from coastal hazards. This 
paper’s contribution is building on the existing ecosystem services 
governance literature to theorize a specific mode of ecosystem services 
governance: the collaborative adaptive governance mode (Primmer 
et al., 2015). It uses qualitative methods and grounded theory to address 
the need for 1) the inclusion of different stakeholder viewpoints and 2) 
more local and tacit forms of knowledge from heterogeneous actors 
involved in ecosystem services governance (Sattler et al., 2018). 

2. Literature review 

2.1. Balancing development, nature, and hazards 

Ecosystems typically provide multiple, interlinked services where an 
increase in one may decrease another with tradeoffs being deliberate, 
but more often, unintentional (Hauck et al., 2013). Besides providing the 
location and essential functions for NBR, coastal ecosystems simulta-
neously produce several additional, interdependent ecosystem services 
subject to equally complex management needs (Chan et al., 2012). The 
popularity of recreational ecosystem services in coastal areas leads to 
predominant tradeoffs between urbanization and linked economic 
development with land use changes (Adger et al., 2005; Mendoza- 
González et al., 2012; Costanza et al., 2014). 

Admittedly, NBR can have ecological impacts, and thus, nature- 
based tourism is not always sustainable for ecosystems of dependent 
communities (Sandbrook, 2010). Presence of built environment infra-
structure, which enables access, predicts the popularity of recreational 
activities better than other comparable variables (Mancini et al., 2019). 
The global demand for NBR is forecasted to grow dramatically, making 
the study of such processes important nonetheless (Reed and Meren-
lender, 2008). All NBR, even quiet, low-impact recreation like hiking, 
can have substantial ecological impacts such as declines in biodiversity 
and increases in invasive species (Reed and Merenlender, 2008). Other 
studies show that negative impacts can stress the recreational value of 
ecosystems and thus are used to generate support for conservation 
(Balmford et al., 2009; Mancini et al., 2019). Ultimately, the relation-
ships between NBR, ecological impacts, and tradeoffs may not always be 
straightforward, and areas with a strong need for conservation (i.e. those 
with high levels of biodiversity) may, at times, not be popular among 
recreationalists (Mancini et al., 2019). 

Regulating ecosystem services are synergistically related to recrea-
tional services, and they protect coastal communities from hazards 
including storm surge and erosion (Adger et al., 2005; Narayan et al., 
2017; Spalding et al., 2014; TEEB, 2010). In the Gulf of Mexico region, 
the focus of this case study, much land use change involves the con-
version of coastal ecosystems such as beaches, dunes, and wetlands into 
urbanized spaces, with 14 million hectares of Gulf wetlands (50 percent) 
lost between 1780 and 1980, and Gulf wetlands suffering the highest 
rates of loss in the U.S. at 25,000 hectares per year (Engle, 2011). The 
state of Texas is subject to these growth trends, is rich in natural capital, 
possessing some of North America’s largest tracts of undeveloped 
coastal land, including the largest undeveloped barrier island in the 
world. 

The Gulf of Mexico (“The Gulf”) is an important case study to situate 
this research because urban growth in the Gulf occurs mainly due to 
cultural ecosystem services, despite the risks of natural hazards 
(NASEM, 2018; Mendoza-González et al., 2012). The U.S. Census Bureau 
estimates that the coastal counties of the Gulf contain the largest centers 
of U.S. economic growth despite major risks of hurricanes (Cohen, 

2018). Hurricane damage in the U.S. from 1907-2017 caused $17 billion 
dollars of damage annually (Weinkle et al., 2018). The 2017 hurricane 
season resulted in 3 of the top 5 most expensive hurricanes in American 
history (Rice, 2018). Tourism2 is increasing, with the Gulf receiving over 
3 million visitors in 2001, conducting 22.8 million trips, worth $20 
billion annually, supporting thousands of businesses, and tens of thou-
sands of jobs (Tourism GulfBase, 2004). 

Balancing the popularity of cultural services, development, and the 
loss of regulating services requires decision-makers to anticipate hazards 
such as hurricanes that may disrupt NBR (Emanuel, 2005; IPCC, 2012). 
Coastal hazards that communities already face are predicted to intensify 
with climate change, with impacts that include increases to sea level 
rise, storm frequency and intensity, storm surge, wave impacts, coastal 
erosion, and saltwater intrusion of drinking water supplies (Spalding 
et al., 2014). Although many coastal hazards are natural, their damage is 
intensified by urbanization and the lack of comprehensive land use 
planning efforts (Lam et al., 2016). Preventing the loss of regulating 
services, bolstering coastal protection for the increasing impacts of 
hazards, and ecosystem conservation for NBR and biodiversity are all 
synergistic, win–win management decisions because of the major role 
ecosystems play in coastal protection from hazards (Spalding et al., 
2014). Decision-makers will increasingly need to minimize these climate 
impacts while maintaining growth and development driven by the 
popularity of coastal settings, through sustainably managed ecosystems 
(Frazier et al., 2010). 

How are decision-makers balancing development, hazards, and both 
regulating and recreational ecosystem services? Many studies from 
many disciplines pose answers to these questions, including planning, 
conservation, and hazards literatures (ibid.). Land use planning efforts 
show documented promise for hazard risk reduction especially when 
stakeholders and the public are engaged, equipping decision-makers 
with more information to balance short term growth and long term 
sustainability (Frazier et al., 2010). Similarly, conservation of intact 
ecosystems such as wetlands reduce hazards (i.e. floods) specifically 
through government-led buyouts, ecosystem restoration, and human 
relocation programs reducing both pressure on ecosystems and exposure 
to hazards (Calil et al., 2015). Hazards scholars argue that decision- 
maker leadership leads to more resilient decisions, whereby decision- 
makers shape governance trajectories and work with stakeholders to 
build consensus on desired, resilient outcomes, building trust and 
seizing opportune moments along the way to enact policy (Carpenter 
et al., 2012). 

2.2. Governance 

Building on the adjacent literatures presented before, this study 
places theories of governance as the answer to the question of how 
communities are balancing conservation, development, and hazards. 
Despite the importance of recreational ecosystem services to coastal 
economies, and their synergies and tradeoffs with protecting ecosystem 
services that mitigate hazards, there is considerable uncertainty over 
how to effectively manage them by integrating their consideration into 
decision-making (de Groot et al., 2010; Chan et al., 2012). The 
ecosystem services literature lacks analyses of decision-making, policy 
implementation, and governance (Primmer et al., 2015, pg. 158). Where 
there are such studies, a common flaw is that analysis is typically 
focused on the outcomes and impacts of biodiversity conservation 

2 It is important to note that there is a contrast between consumptive and 
nonconsumptive nature-based tourism. Consumptive tourism (i.e. hunting and 
fishing) is often viewed as unsustainable compared to non-consumptive tourism 
(i.e. wildlife viewing, kayaking) (Cater & Cater, 2007). Hunting and fishing are 
tightly regulated in the U.S. state of Texas, by the Texas Parks and Wildlife 
Department, which uses up to date science and stakeholder engagement to set 
sustainable limits on hunting and fishing. 
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policy, rather than on the governance of various types of ecosystem 
services as a process (Primmer et al., 2015). Indicators of effective 
conservation (i.e. protected areas, hectares of forest cover, dollars spent 
on conservation) are often taken as proxies or surrogates for conserva-
tion decision-making and implementation (Laycock et al., 2009, 
Primmer et al., 2015). 

For this reason, services are thought to flow effortlessly from eco-
systems to beneficiaries without considering social processes like policy- 
making and governance (Spangenberg et al., 2014). Ecosystem services 
are theorized to inform tradeoffs that high level decision-makers eval-
uate, and decide accordingly, with decisions trickling down and 
impacting ecosystem functions (Primmer et al., 2015). Researchers 
theorize policies and plans that sustainably deliver ecosystem services 
across scales, when in reality these plans go awry with haphazard “real 
world happenings” (Biggs et al., 2017). 

The environmental governance literature more accurately describes 
the nuances of decision-making as a process that takes place at different 
scales and involves both state and non-state actors (Newig and Fritsch, 
2009). Governance is defined as the system of state and non-state in-
stitutions, which includes rules, laws, regulations, policies, social norms, 
and organizations involved in governing environmental resource use 
and/or protection (Chaffin et al., 2014). 

2.3. Ecosystem services governance 

The term ecosystem services governance emerged only recently (Sattler 
et al., 2018). As such, there is a need for deeper contextual analysis of 
governance of ecosystem services (Primmer et al., 2015). Recent 
scholarship offers important accounts of the challenges of ecosystem 
services governance, which Sattler et al. organize four types (Falk et al., 
2018; Loft et al., 2015; Sattler et al., 2018). The first type of governance 
challenge is the wide range of institutions, policy instruments, and 
property rights arrangements makes for misalignments of incentives for 
managing different ecosystem services, resulting in inefficiencies and 
trade offs in their provisioning (Sattler et al., 2018). Recreational 
ecosystem services are especially prone to inefficiencies because they 
are impacted by such a wide range of policy-making sectors, including 
agricultural, water, forestry, biodiversity conservation policies, marine 
systems, tourism and recreation, and rural development (Hauck et al., 
2013). 

The second type of challenge is that ecosystem services governance is 
spread out over different economic sectors and spatial scales, with dif-
ferences in bargaining power, competing interests, values, and prefer-
ences. This is related to the third type of challenge of fragmented 
knowledge, which is held in different policy areas and disciplines, 
leading to decisions that are often siloed and, at times, myopic. This 
fragmented knowledge is segmented into specific areas of specialization 
that can include habitats, ecosystems, geographic areas, or economic 
sectors (Primmer and Furman, 2012). All three challenges are especially 
true in the state of Texas, where most land (95%) is privately owned, and 
as a result, development decisions are made by non-state, private in-
terests within a framework of local ordinances, state, and federal laws 
(Texas Agrilife Extension, n.d.). The fourth challenge of governance is 
linked to all three, and is the need for adaptive governance systems that 
allow for learning and responding to social and ecological feedback that 
spans sectors. What this means in practice is increased exchanges be-
tween private landowners, planners, natural resource managers, 
development-focused officials, and others before decisions are made, 
and during implementation. 

2.4. Ecosystem service governance and theories of socio-ecological 
systems 

These challenges of ecosystem services governance have meant that 
the research on adaptive governance of ecosystem services often adopts 
a socio-ecological systems framework to illustrate the complicated 

interplay of individuals, networks, organizations, and institutions that 
manage ecosystem services (Chaffin et al., 2014; Schultz et al., 2015). A 
socio-ecological system is a system that includes societal (human) and 
ecological subsystems in mutual interaction at scales ranging from 
communities to the globe (Gallopín, 2006). Socio-ecological systems 
approaches broaden our capacity to analyze ecosystem services beyond 
ecological production functions, recognizing the management regimes 
that are important for enabling service delivery (Reyers et al., 2013). 
The sheer number of definitions for what constitutes a socio-ecological 
system is a function of the large number of disciplines and intellectual 
traditions contributing research on this subject (Gallopín, 2006). 

Primmer et al., 2015 “cascade model” is a useful tool for clarifying 
the link between theories of socio-ecological systems and ecosystem 
services governance. There are assumptions in the ecosystems services 
literature that monetary valuations of ecosystem services will be 
factored into decision-making allowing analysis of tradeoffs. In practice 
however, academic literature on valuation of benefits has a poor record 
of influencing policy-making (Laurans et al., 2013). To facilitate effec-
tive governance of biodiversity based on ecosystem services concepts, 
there is a need for more in depth analysis of how ecosystem governance 
actually happens in socio-ecological systems (Primmer et al., 2015). 

Two important aspects of socio-ecological systems that form the 
definition used in this research include the non-decomposability of social 
and natural systems, and system-wide reflexivity. Socio-ecological sys-
tems approaches entail a need to consider the whole system, simulta-
neously taking into account the human and natural systems within, but 
viewing them as fundamentally “non-decomposable” or unable to be 
disentangled from one another (Gallopín, 2006, pg. 294). Reflexivity, or 
the circular relationships between cause and effect (Young et al., 2006), 
closely track the logic in landmark studies underpinning ecosystem 
services where ecosystems cause benefits which may incentivize both 
conservation and extraction/use. 

Nowhere are these two traits more visible than in NBR and cultural 
services. NBR requires coastal ecosystems such as wetlands, estuarine 
waterways, and beaches, but it also requires in many cases development 
(such as parking lots, facilities, and offices that taken as a whole 
constitute the human system enabling access to ecosystems for NBR). 
These human systems are decomposable, or simply would not exist, 
without benefits and services created by ecosystems. Likewise, 
ecosystem services reflexively cause development activities that may 
undermine the functions of the ecosystems attracting development (i.e. 
condos built upon sand dunes). 

This paper situates the concept of governance as the process that 
enables determining the limits of development of ecosystems, in the face 
of hazards, so that extraction of benefits can occur, but ecological 
functions are not lost. There are gaps in our understanding of adminis-
trative and governance structures that set these limits (Primmer and 
Furman, 2012). Admittedly, the research presented here is not a 
comprehensive social, economic, ecological, and biophysical model of 
the communities studied. Instead, the logics of socio-ecological systems 
literature and the ecosystem services literature are combined. NBR 
ecosystem services (a decomposable, reflexive system of coastal eco-
systems and human, social, and physical systems) absorb a major shock. 
Recovery happens because of governance systems in place that manage 
overlapping components of the socio-ecological system. The contribu-
tion of this research is unique in the degree of detail provided on systems 
of governance. 

2.5. Modes of ecosystem services governance 

Primmer et al. provide a framework for the modes of ecosystem 
services governance used here, which includes hierarchical, scientific- 
technical, adaptive collaborative, and strategic behavioral governance 
(2015). The concept of adaptive collaborative governance from insti-
tutional theory illustrates the importance of integrating the views of 
multiple state and non-state stakeholders. This study uses the following 
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definition of collaborative adaptive governance of ecosystem services: 
flexible, learning-based collaborations and decision-making processes 
that involve both state and non-state actors (better known as in-
stitutions) across scales. In a collaborative adaptive governance system, 
knowledge is fed into decision-making with the aim to adaptively 
manage social-ecological systems and ecosystem services across land-
scapes and seascapes (Ostrom, 1990; Schultz et al., 2015). 

The research presented here focuses on collaborative adaptive 
governance as opposed to other modes because it often emerges during 
crises such as natural disasters, framed as “windows of opportunity” in 
the adaptive governance literature (Olsson et al., 2006; Chaffin et al., 
2014). The emergence of adaptive governance often occurs not as a 
discrete choice between two types of governance, but rather as the 
realization that new pathways beyond the status quo are required to 
address complexity and uncertainty (Chaffin et al., 2014). 

How this process happens may include improving mismatches in the 
scales of both socio-ecological system and the governance systems that 
manage them; by moving away from top-down command and controlled 
directives; and by better addressing the frequent shortcomings of 
governance across large scale systems with multiple jurisdictional 
boundaries (Chaffin et al., 2014). Additionally, growth in the number of 
bottom-up approaches to governance via groups of local actors, social 
networks, collaborative community groups, are emerging as new path-
ways to adaptive governance (Chaffin et al., 2014). More scholarship is 
needed on existing governance, and future possibilities (i.e. how people 
can take advantage of windows of opportunity to increase the likelihood 
of successful transformations to adaptive governance), and whether 
transitions can be made with little system preparation (Chaffin et al., 
2014). 

The public policy literature offers more specific insights into how 
decision-makers seize windows of opportunity, specifically John King-
don’s Multiple Streams Framework. This body of literature adds value to 
my analytic framework by providing insights on the process by which 
decision-makers have a “brief window” to enact policy. In this time 
period, there heightened attention to a problem, as well as an available 
and feasible policy solution come together at the same time. Decision- 
makers are framed as policy entrepreneurs who have knowledge, 
power, and tenacity enabling them to exploit this window of opportu-
nity (Cairney, 2018; Kingdon, 2003). In this study, the hurricane opens 
this window for new policy-making. 

2.6. Resilience 

To analyze natural hazards as “windows of opportunity” for the 
emergence of adaptive governance of ecosystem services, this study 
borrows from a research agenda set by de Groot et al., 2010 prioritizing 
the inclusion of resilience into methods for planning and decision- 
making. Resilience is defined as the capacity of a socio-ecological sys-
tem to absorb both natural and human disturbances while still main-
taining structure and function (Chaffin et al., 2014). Resilient socio- 
ecological systems are 1) adaptable and flexible, 2) able to “deal with 
uncertainty and surprise,” and 3) capable of building capacity to adapt 
to change (Berkes et al., 2002, pg. 9). Resilience is a useful concept for 
this case study as it does not address pre-event qualities, such as the 
system’s vulnerability, but rather how a system responds and recovers 
after a disaster. Resilience includes the system’s traits that allow it to re- 
organize, learn, and change in response to a threat (Cutter et al., 2008). 

Resilience depends on learning and action. Individuals, organiza-
tions, and institutions can learn, using data or experiences as feedback 
that shape future policy action and responses (Berkes et al., 2002). 
Humans can adapt to and lessen hazards by changing aspects of systems 
(i.e. planning or zoning ordinances), or create fundamentally new sys-
tems, which would entail a major shift in the human relationship with 
hurricanes and other coastal hazards. An example can be found in the 
way that the Dutch, shifted from responding to repeated flooding, 
instead redesigning coastal plans and infrastructure to address rising 

seas (Kolden, 2018; McWethy et al., 2019). Given the political orienta-
tion of a place like Texas, it has a voting public skeptical of government- 
led responses to climate-related hazards like hurricanes. The foundation 
of resilience is a form of collective learning and willingness to transform 
society that tends not to exist in political cases like this. Resilience can 
only happen with a better understanding where and why change occurs 
(Hooks, 2020). 

Insights from scholars who study hazards resilience are also infor-
mative here. McWethy et al. find that record breaking natural hazards 
are becoming increasingly common worldwide (2019). They recom-
mend “transformative resilience” where people acknowledge that we 
are altering socio-ecological systems, suggesting transformative resil-
ience as a way forward, or a greater concerted effort for adapting to 
hazards (McWethy et al., 2019). Because resilience is used as a concept 
of interest in dozens of fields, with a wide range of definitions and ap-
plications, there is no single accepted definition or model that re-
searchers can deploy to measure or predict it (Cumming et al., 2005). 
This study adopts a place and context-focused definition from a widely 
cited model for resilience in Cutter et al., 2008s “Disaster Resilience of 
Place” (DROP) Model, which describes a socio-ecological system and its 
coping strategies, hazard impacts, and the adaptive capacities to 
improvise and learn leading to recovery. 

The DROP model theorizes a community about to experience a 
hazard as a socio-ecological system which includes pre-disaster condi-
tions (including its natural, built, and social environment). These char-
acteristics are then impacted by an event (a hazard), to which the socio- 
ecological system may have its capacity to absorb to the hazard excee-
ded by the intensity of the hazard. It may also have varying amounts of 
adaptive resilience (what Cutter et al., 2008 call improvisation and so-
cial learning). The capacity for adaptive resilience ultimately determines 
whether a place experiences a high or low degree of recovery (Cutter 
et al., 2008). 

2.7. Local ecological knowledge in governance 

The socio-ecological systems literature suggests that local ecological 
knowledge tends to be incorporated into governance to complement 
knowledge from professional science, and is generated by site-specific, 
contextualized knowledge from local observations (Berkes et al., 
2008). Local ecological knowledge may develop from marginalized 
groups as a way to contest professional science. This, in turn, makes 
efforts aimed at increasing support within professional science for local 
ecological knowledge contested at times (Berkes et al., 2008). 

Research on local ecological knowledge shows that: inclusion in 
decision-making may be fraught when stakeholders are skeptical of the 
very indicators that they are asked to help establish (Wilson et al., 2006); 
that some indicators of interest to professional scientists are better suited 
to local ecological knowledge research processes than others (i.e. size 
and species composition of fish vs. catch rates); that variables like 
location and economic interests of groups may bias facts obtained 
through local ecological knowledge (Gilchrist et al., 2005, Wilson et al., 
2006), that the best time to use local ecological knowledge in decision- 
making may be for decisions that require data from remote areas (Gil-
christ et al., 2005); that substantial amounts of local ecological knowl-
edge are lost due to environmental change (Aswani et al., 2018); that 
shared understandings between local ecological knowledge stakeholders 
and professional scientists must be produced for the process to be reli-
able (Wilson et al., 2006), and that often local ecological knowledge can 
be used with professional science to inform management, and when it is, 
perspectives of all stakeholders may change on management strategy 
(Ballard et al., 2008). This study contributes new insights on how local 
ecological knowledge informs policy-making to enhance resilience after 
a natural hazard. 
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3. Research design and methods 

This “place-based” case study is locally-generated and customized to 
a particular place to showcase, in detail, data that may not be widely 
available (de Loyola Hummell et al., 2016). The case site selection is 
information-oriented selection, where researchers choose cases aimed at 
maximizing the amount of information from a single case based on the 
information context (Flyvbjerg, 2001, pg.10). This case study is a single- 
case design that adopts the critical case rationale, whereby theoretical 
propositions drawn from the literature compel the researcher to select a 
case (Yin, 2009). This deductive design uses broad concepts (gover-
nance, cultural ecosystem services, and hazards) to draw spatial and 
temporal boundaries around a case site. 

The unit of analysis in this study is the governance system directly or 
indirectly related to recreational ecosystem services in coastal commu-
nities. Communities in this study (described in detail in section four) 
were selected due to their 1) reliance on the NBR sector and 2) high 
levels of damage sustained from Hurricane Harvey. Ethnographic field 
notes taken over 1.5 years helped identify communities that depend on 
NBR (Bernacchi et al., 2015), with evidence of a strong cultural 
importance on recreational fishing, bird watching, beach going, and 
other NBR activities. For example, nearly all public spaces, signs, items 
for sale in local shops, or pieces of public art contain images of birds, 
fish, and other local nature that draw tourists to the region. Evidence of 
the impacts of Hurricane Harvey include damage statistics on the 
widespread devastation. In Port Aransas, between 85–100 percent of 
residences and businesses were damaged (Brown-Giammanco et al., 
2018, Formby, 2018). Nearby Aransas County, home to the City of 
Rockport and the Town of Fulton, residences and businesses experienced 
$946 million in damage (Whitson and Foutz, 2018). 

Methods are qualitative and include 44 key informant interviews 
taken between January 2018-January 2019. Respondents were chosen 
based on their role as leaders, decision-makers, or resource managers 
whose decisions impacted the recreational ecosystem services in the 
case site. Given the broad range of sectors that influence recreational 
services, a broad range of respondents formed this pool, with specific 
actors listed in Table 1 below with more detail in the appendix. In key 
informant interviews, respondents were asked 5 broad questions on 
resilience and adaptive governance (see the Appendix for the list of 
questions). I reviewed press coverage of Hurricane Harvey along with 
policy documents to develop an initial list of informants. 

Theory-driven, snowball sampling techniques asked each informant 
to recommend subsequent informants with similar decision-making 
roles, providing a sample of individuals involved in NBR recovering 
from Harvey recovery. This yielded a rich pool of decision-makers and 
leaders working in hurricane recovery, but was flawed because non- 
response may occur if a respondent is making the connection, versus if 
I were to reach out directly. This form of connecting did occur with 
higher profile individuals. The categories of respondents included local 
government, state agencies, federal agencies, non-governmental orga-
nizations (NGOs), and the private sector. Table 1 below displays target 
respondents for this study with specific details in the appendix. In 
accordance with ethical protocols, responses were voluntary, anony-
mous, with any responses that broke anonymity (such as the use of a 
specific name or other identifier) removed from the transcription with a 
more general substitute. For example, if the respondent said the name of 
a colleague, this name would be replaced with a vaguer identifier such as 
“city decision-maker.” 

Responses were transcribed word-for-word, by hand at point of 
interview on word processing software and later analyzed using 
grounded theory methods where thematic codes were assigned by hand 
in the same word processing software (using visual aides like colors and 
numbers when more than one code was assigned). I decided not to re-
cord interviews because hurricane recovery can be sensitive and heated; 
meaning that when agencies and programs fail to deliver aid, people on 
the ground may suffer and criticize them, in turn making respondents 

less willing to participate in a study that may identify them. Addition-
ally, with federal respondents, wariness to be recorded was present, 
noted in early stages of the research, because of their institutionalized 
processes for communication within agencies, and hesitancy to speak on 
the record as a representative for the agency (for which my respondents 
were not). When respondents are at ease, richer data results. Several 
interviews took place in a group setting at a site visit. This was more so 
for convenience for the respondents, since hurricane recovery is so ur-
gent and time consuming, rather than a methodological choice. I made 
sure to allow all respondents to answer all questions if they had answers 
to provide. Methodology scholars have noted that decision-makers 
provide more candid information when not being recorded, which was 
necessary in this research to provide frank assessments of agency re-
sponses to the hurricane (Byron, 1993; Peabody et al., 1990). 

Grounded theory research aims to produce a “unified theoretical 
explanation” for a process (Creswell and Poth, 2018). In this study, the 
process is how decision-makers manage recreational ecosystem services 
in the face of a natural hazard, framed as the collaborative adaptive 
management of ecosystem services. Participants in this study have all 
“experienced a process” or made decisions that impact recreational 
services in the timeframe following a natural hazard. It may be coun-
terintuitive to use inductive methods in a deductively designed research 
project, but the iterative process that characterizes grounded theory 
coding allows for this split. Deductive logic and general theory was used 
to delineate the case. Induction was used when searching for patterns 
and themes in interview data. The specific steps that I followed in this 
research included data collection and analysis simultaneously in an 
iterative fashion, analysis of processes versus themes, constantly 
comparing interview data between sentences and interviews, drawing 
on the data itself for codes, and emphasizing theory construction 
(Charmaz, 2014). 

Given the temporal focus of a process in grounded theory, the natural 
hazards literature helped select a timeframe to analyze after Harvey. 
How communities recover from hazards is complex, time consuming, and 
costly, and yet it has received limited research attention (Kates et al., 
2006; Chuang et al., 2019). Recovery takes place in four phases, 1) 
emergency, 2) restoration, 3) reconstruction, and 4) commemorative 
embetterment (Kates et al., 2006). The reconstruction phase provides 
longer term infrastructure and housing for the post-disaster population, 
while the commemorative betterment phase is where normal activities 
function at pre-disaster levels with development and improvements. 
This study focuses on reconstruction and at times, commemorative 
betterment, but uses the all-encompassing term, recovery. 

4. Case study site 

The case study sites include communities3 where Hurricane Harvey 
first made landfall on August 25, 2017. Hurricane Harvey made landfall 
approximately 30 miles to the northeast of Corpus Christi in a region of 
South Texas known as the “Coastal Bend”. Communities studied in this 
paper include the municipalities of Port Aransas, Aransas Pass, Corpus 
Christi, and Rockport; as well as Refugio, Aransas, San Patricio, and 
Nueces Counties. The region occurs within the major disaster declara-
tion zone where The Federal Emergency Management Agency (FEMA) 
coordinated the delivery of technical, financial, and logistical assistance 
to states and local jurisdictions during and after declared major 
disasters. 

NBR is culturally important to life in the Coastal Bend, with birding 
communities, kayakers, fishermen, hunters, and beachgoers constituting 
a major component of regional cultural identity (Texas Coastal Bend 
Regional Tourism Council, 2020). The bay and estuary ecosystem in the 

3 Communities are defined as entities with geographic boundaries and shared 
fates, with natural, social, and economic environments that influence each 
other in complex ways (Norris, et al., 2008). 
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Coastal Bend is characterized by barrier islands, interconnected bays, 
with habitat such as oyster reefs shoreline marsh and mangrove vege-
tation, and bottom seagrass vegetation where fish and other wildlife 
gather (Evans et al., n.d.). 

NBR with quantified benefits in the Coastal Bend include recrea-
tional fishing (sport fishing) and bird watching. Fishing is responsible 
for $59.4 million in economic output (Ropicki et al., 2016). Bird 
watching is popular due to the Great Texas Coastal Birding Trail and the 
presence of endangered whooping cranes (Lindsay, 2000). The Aransas 
National Wildlife Refuge, where the 504 cranes winter each year, sees 
75,000 visitors annually for avitourism, with each visitor contributing 
$149-$246 in inflation adjusted numbers for 2018 (Lindsay, 2000; 
Webster, 2019). 

Harvey’s impacts were significant in the NBR sector. Without hotels 
and other businesses, coastal NBR and tourism collapsed overnight. This 
was a significant blow to the Coastal Bend, since ecotourism is respon-
sible for 8% of regional employment, generating over a billion dollars in 
economic activity annually in the city of Corpus Christi alone (Lee, 
2014). 

5. Results 

The following sections will describe how, after Hurricane Harvey, 
decision-makers enacted collaborative adaptive governance to address 
the catastrophic losses of NBR facilities. According to NBR respondents, 
namely state and local decision-makers, without these facilities, natural 
resource management activities were impossible as was the delivery of 
recreational ecosystem services to people. NBR facilities include fishing 
piers, boardwalks, nature viewing structures, seats, guardrails, fencing, 
lighting, signs, parking lots, toilets, restaurants, bait and tackle shops, 
marina infrastructure, accommodation structures for people with dis-
abilities, and other park infrastructure for fishing and wildlife viewing. 
Office space for resource managers and storage for their resource man-
agement, scientific, and educational equipment was likewise destroyed. 

Damages were experienced at all scales. Federally administered 
areas such as the Aransas National Wildlife Refuge suffered $50 million 
dollars worth of facilities and habitat erosion damage to endangered 
whooping crane habitat. State parks, such as Mustang Island and Goose 
Island suffered infrastructure damage to access roads and facilities 
limiting visitor numbers and resource management capacity. According 
to local and state government respondents, municipal parks such as 
Paradise Pond in Port Aransas were completely devastated, with the 
boardwalk facilities destroyed, and the natural freshwater pond that 
attracted rare birds inundated with salt water. County-administered 
parks and preserves such as the beaches of Nueces County, their park-
ing lots, and their major fishing piers were heavily eroded or damaged, 
with visitation rates dropping significantly in the region. 

Resource managers were urgently addressing three major ecological 
stressors in addition to a near total loss of facilities. These included 1) 
saltwater inundation of previously freshwater ecosystems, 2) loss of bird 
nesting sites including both natural rookery islands and man-made 

nesting facilities, and 3) significant erosion of endangered species 
habitat. However, this data is only in its early phase, and across all 
coastal ecosystems, ecological stressors of Harvey are only beginning to 
be understood. 

5.1. Adaptive governance and federal aid 

After Hurricane Harvey, decision-makers and resource managers 
prioritized finding disaster relief funds to repair destroyed NBR infra-
structure. Similar general efforts took place in the regional housing and 
educational sectors and government properties, all further removed 
from NBR assets and locations (Dunning, 2020). These repairs would 
enable recreational ecosystem services to be delivered again to benefi-
ciaries. Interacting with federal agencies to obtain funds, namely the 
Federal Emergency Management Agency (FEMA), became a full-time 
job for many state and local decision-makers. Many reported the need 
to learn and navigate “hundreds of pages of federal rules, administrative 
policies, and procedures” for any money to reach communities. Adaptive 
governance meant investing significant amounts of time learning how to 
interact with federal agencies and comply with their procedures— in-
formation that many local government stakeholders did not have. This 
took time away from their usual responsibilities, and many projects such 
as invasive species removal or educational programs were put on hold 
indefinitely. Almost every respondent emphasized the amount of Harvey 
recovery paperwork required to rebuild. 

Adaptive governance meant decision-makers had to quickly acquire 
new knowledge on topics previously outside of their responsibilities. In 
the words of a federal resource management leader, “our staff used to 
focus on controlled burns and wetland management. Now I was asking 
them to vet contractors to rebuild facilities. Resource management took 
a back seat.” Another said, “we are biologists, and Harvey forced us to 
become everything from architects to lawyers.” Learning mostly con-
sisted of federal aid rules for contractors, as well as architecture, engi-
neering, and construction topics. 

Local decision-makers found themselves seeking alternative sources 
of funding when it became clear that they lacked the time and the re-
sources to apply for federal funds. For example, officials lost nearly all 
NBR infrastructure such as piers and park facilities across federal, state, 
county, and municipal parks. After Harvey, nearly all of the popular 
fishing piers in the region were either damaged or destroyed4. Infra-
structure tended to be several decades old with management plans in 
place that were outdated and ill prepared for a major storm. Local 
governments tended to “self insure,” or pay out of pocket for damages to 
vulnerable shoreline facilities popular among tourists, so they were 
responsible for the entire bill. 

Table 1 
Respondent categories.  

Target Respondent Examples of respondents Justification Number of 
interviews 

Local governments City executives (mayors), emergency managers, elected and 
appointed officials in cities and counties, city planners 

Local government is primarily concerned with economic development, 
NBR is a significant component in case study communities. 

15 

State agencies Texas Parks and Wildlife, Texas General Land Office State agencies manage areas that experience much of the local NBR. 5 
Federal actors and 

agencies 
Federal Emergency Management Agency (FEMA), U.S. Fish 
and Wildlife Service (USFWS), federal government 
contractors 

FEMA managed housing recovery plans for workforce housing that those in 
the NBR sector rely on. USFWS manages areas that attract nature based 
tourists. 

9 

NGOs Recreational or environmental conservation organizations 
(fishermen’s groups, sportsmen’s groups, birding groups) 

Birding, fishing, and environmental groups are popular in areas where NBR 
constitutes a significant part of the local economy. 

10 

The private sector Business owners, chambers of commerce, fishing guides, 
boatmen, private landowners 

Chambers of Commerce implement programs for NBR businesses. Guides 
and boatmen are at the center of the NBR economy. 

5  

4 In Port Aransas, this included J.P. Luby Fishing Pier and the Ancel Brundrett 
Pier, totalling $1 million in damages each with resource managers seeking 
FEMA-funded reconstruction planned for 2020. In Nueces County, the local 
landmark Horace Caldwell Pier was shut down, due to uncertainty over phys-
ical structural integrity. 
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Local officials looked to FEMA for these funds, but the process was 
lengthy, complex, and multi-staged. The aid program, FEMA’s Public 
Assistance Program, provides supplemental grants to state and local 
governments to facilitate recovery. Public Assistance begins with local 
officials going to the state-level FEMA equivalent, the Texas Department 
of Emergency Management (TDEM), first to coordinate interactions with 
FEMA. Then, local officials must set up FEMA site visits and hire engi-
neering contractors. 

This is challenging for several reasons. Very few contractors are 
available in the weeks after a major storm. Overseeing contractors is 
time consuming for the local government, because contractors have 
limited working knowledge of relevant coastal environmental policies. 
Local governments must ensure competition and fairness through pro-
cesses that many decision-makers labeled “jumping through adminis-
trative hoops”, such as posting several rounds of requests for 
qualifications (RFQ) for engineering firms that comply with federal 
policies. Once the first contractor is hired, they can only determine 
whether the structure needs repair. The procurement process must be 
repeated to find a new firm to do the actual repairs. “This could take 
months for the first one and years for the second one. We needed to get 
people back to work, and beach goers back on our beaches. We did not 
have the time or capabilities required by these federal rules,” said one 
local decision-maker. 

5.2. Roadblocks to resilience 

Complicated pathways to aid delivery set by federal institutions 
diminished resilience, or the capacity of local government to absorb the 
hazard, learn, adapt and recover. More importantly however, federal 
rules made resilient rebuilding efforts more challenging for already 
overburdened local officials. Even if the local government did ultimately 
acquire funds for the rebuild, federal policy only permits rebuilding NBR 
infrastructure to pre-storm conditions, meaning any improved building 
standards cannot be incorporated under these policies. 

This is slowly changing through FEMA’s P408 program, which offers 
funds for individuals and communities to rebuild with more resilient 
designs. However, communities can only be eligible for P408 if they 
submit one community-wide application, a process which would take 
dedicated staff, resources, and time to submit, and years to accomplish. 
In the wake of a severe storm, a P408 application was not an option for 
the communities devastated by Hurricane Harvey looking to rebuild as 
soon as possible, so many structures were replaced as they were in 
accordance with these inflexible policies. 

Adaptive governance, for some local governments, meant finding an 
alternative to federal aid so that they could rebuild stronger than before. 
One local decision-maker noted the urgency: 

Every day we weren’t open meant people weren’t spending their 
money in local businesses. […] The pier needed to reopen, and we 
needed to reinforce the build for the next storm. Normally, you can’t do 
that with federal money so we needed to find more flexible financing. 
Any other time, this type of resilience or adaptation work would not 
have been impossible because Texans don’t like spending government 
money, and they do not believe it should be spent on climate change. 
Hurricanes people can agree on. 

To overcome roadblocks for resilient rebuilds and more rapid 
reopening of NBR infrastructure, decision-makers sought the help of 
private foundations such as the Dell Foundation’s Rebuild Texas Fund. 
They acquired over $30 million for rapid repair of NBR facilities in one 
local agency for example. FEMA’s daunting RFQ process deterred the 
same officials, who noted it could take years to run multiple RFQs for 
simultaneous damage assessments and repairs. The use of foundation 
money expedited the recovery process, with $300 k immediately 
injected into local government’s recovery efforts, enabling them to 
reopen the pier and explore resilient rebuilding options. These were 
important symbolic reopenings for the communities, signalling that the 
NBR economy was returning. “That reopening was a major morale 

booster,” said one local official, “going for federal aid could have taken 
years.” Another noted the irony of the barrier to rebuilding coastal 
infrastructure more resiliently, “It’s not the anti-climate Texan saying 
don’t spend taxpayer money building back facilities, it’s the “feds” 
[federal government]!” 

5.3. Collaborative adaptive governance through leveraging community 
networks 

Another challenge for local governments was repairing smaller, less 
costly NBR facilities that did not qualify for federal aid programs. These 
features were small enough to not qualify for major federal disaster 
relief programs, but numerous enough to drain entire maintenance 
budgets. For example, in many popular birding and kayak trails, all of 
the signs that enable visitor interpretation were destroyed. Boardwalks, 
benches, and disabled client access features were also lost. 

These types of NBR facilities were replaced through collaborative 
adaptive governance where leaders working in city government, parks 
and recreation, and in planning agencies secured funding by leveraging 
their community networks to find funds through a different type of 
funding body, the Coastal Bend Bays and Estuaries Program (CBBEP). 
CBBEP is one of 28 branches of the National Estuary Program estab-
lished by Congress in 1987 as a multi-stakeholder partnership between 
industry, user groups, and governments to collaborate to improve 
ecological health. This is not private foundation money described above, 
nor is it subject to the same levels of administrative complexity as FEMA 
Public Assistance aid. CIty employees and CBBEP have longstanding, 
strong ties to the local community through many collaborative part-
nerships, with respondents noting the importance of community re-
lationships in securing funding. 

Repairing smaller NBR facilities was especially urgent because of the 
importance of these features to children and the elderly. Without city 
officials locating these funds, writing grants, attending meetings, and 
advocating to secure these funds, these facilities may have gone years 
without repair. In the words of one city official: 

Finding money for the boardwalk and signage was a full-time job, on 
top of my day-to-day job of managing city parks. Without knowing 
people in this community, it wouldn’t have been possible. 

Likewise, CBBEP and city officials were major sources of up-to-date 
scientific information on resilient building materials. For example, one 
city employee was advocating for funding to not simply replace parking 
lots that had been washed away at NBR sites, but rather to apply for 
smaller grants for permeable parking lots that decrease nuisance 
flooding, a common hazard in coastal cities. 

These words were echoed by other respondents who suggested that 
pre-existing informal networks in communities were a source of support 
for finding solutions to Harvey’s problems. Another official noted: 

It may seem like a low priority, putting the birding signs back up, 
fixing parking lots, or fixing boardwalks, but many of our visitors are 
school groups and elderly people with mobility limitations. Nature 
tourism is not just our economic way of life, but it ensures that young 
people and elderly people have a natural place to enjoy. It’s really 
important to the community and is a major part of who we are. 
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5.4. Linking cultural services, well-being, and policy responses 

Adaptive governance meant that decision-makers had to work 
quickly to prevent the erosion of recreational and other cultural 
ecosystem services that define a way of life in the Coastal Bend. Historic 
public waterfront spaces which experienced near total losses were not 
just limited to financial losses5 but also the difficult-to-quantify losses of 
cultural services. Losing these places took a toll on well-being, and as 
such their reconstruction was a critical task for policy-makers. 

In the City of Rockport, a towering local landmark boat storage fa-
cility known by locals as “The Stacks” was completely destroyed and lay 
in ruins for months after Harvey. Its high pile of warped debris served a 
constant reminder to the community of the long duration of recovery 
underway. Nearby, the colorful bait stands commonly depicted on 
postcards were completely destroyed, once lining the city’s waterfront 
with their signature colored flags indicating the species of available live 
bait. These places all held cultural meaning in their communities, while 
simultaneously enabling NBR livelihoods. The following statement from 
a city leader addresses recreational and cultural ecosystem services and 
demonstrates how their loss negatively impacted local well-being, 
“When you drive by the Stacks or the bait stands, and you see piles of 
debris, you feel like all of who we are, as locals, was taken by the storm.” 

Another decision-maker noted the urgency of addressing the loss of 
recreational services saying, “We weren’t just trying to build back to 
attract tourism, but we were doing so to try and get people not to leave. 
Seeing these piles of debris every day is gut wrenching, many packed up 
and left.” Decision-makers recognized quickly that it was not just NBR 
tourists who may lose interest in the region, but also community 
members who lost everything including homes, businesses, neighbors, 
and their children’s teachers and schools. 

This is especially true in the example of the region’s fleet of recrea-
tional fishing guides. The Coastal Bend is known for inshore, guided 
fishing trips and its outstanding offering of trout (Cynoscion nebulosus), 
redfish (Sciaenops ocellatus), and flounder (Paralichthys albiguttata), 
locally nicknamed the “Texas Grand Slam” if caught in a single trip. 
Guided fishing, especially now due to social media, is a word-of-mouth 
business, where the best guides’ reputations spread via satisfied cus-
tomers sharing their experiences. This reputation takes years to build, 
with well-known guides holding celebrity status in the region. 

Harvey completely disrupted recreational fishing several ways. 
Losing most of the hotels and businesses that guides’ clients would 
frequent meant that people opted to go to other states to fish, and guides 
lost the word-of-mouth that brought them a steady stream of customers. 
Without work, many guides switched industries altogether, opting to 
work in construction. Many guides echoed the sentiments of one well 
known guide-turned-contractor: 

I had been guiding for about 7 years before Harvey, and had finally 
earned enough customers during the summer and winter waterfowl 
season to make this a full-time job. That took years to build through 
word-of-mouth marketing mainly. I just hired 4 employees last season. 
Harvey killed that overnight. Nobody is coming to town, and nobody can 
come for a while until hotels and restaurants are back online. I let all my 
guys go. In the meantime, working construction pays my rent. I may get 
to return to fishing one day, but that would take years to get the business 
back to where it was before Harvey. 

In the words of one of the local mayors, “many people in town were 

once fishing guides. Now they’re construction workers. When the con-
struction jobs dry up, I worry what will happen to our community’s 
identity as a small coastal fishing town.” 

One source of adaptive governance to address the loss of recreational 
services was the federal Disaster Loan Assistance Program from the 
Small Business Administration (SBA), which is a low interest loan to 
businesses to repair items lost in a disaster. Small business owners are 
highly susceptible to cash flow interruptions created by the lack of 
business after a disaster, and require a cash infusion to make up the 
difference in addition to repairing physical facilities. Because there is a 
high risk for default on loans obtained after a hurricane, banks are 
reluctant to offer them, creating the need for the SBA program (Runyan, 
2006). 

According to small business owners in the NBR sector, working with 
the federal SBA was as complex and as time consuming as “having a 
second job.” Many fishing guides were choosing to forgo the SBA pro-
gram, because rumors began that everyone was getting rejected, or that 
the paperwork was so daunting that it would be impossible to correctly 
apply. Social media worsened these rumors. Given the widespread need 
for small businesses to obtain rapid financial assistance, local associa-
tions of businesses, or chambers of commerce, sought the help of the 
private foundations. The Rebuild Texas Fund offered the Chamber of 
Commerce the opportunity to give approximately 160 small business 
owners immediate grants of $2500 dollars. 

These grants were critical because of their rapid timing and simple 
paperwork (1-page). The chamber did not try to determine dollar 
amounts. Instead, a flat cap of $2500 was placed on each grant. The 
accounting required thereafter was minimal and simple. Communica-
tion between the chamber of commerce and local businesses was already 
well established. The program was an overwhelming success, injecting 
$180,000 dollars into the local economy in the months immediately 
after the storm. Once the program’s success became widely known, 
Rebuild Texas gave a second round of financing and more businesses 
applied. Many stakeholders interviewed for this research suggested that 
without these small and simple loans, they may have taken whatever 
insurance money they were awarded and never returned. In all, over 
$1.4 million was given to small business owners through this program. 

The program’s success was due largely to its simplicity and its public 
communication of the program over popular social media platforms like 
Facebook. One local guide said the following: 

I would not have been able to make my boat payment that first 
month, but this grant kept me paying my bills, and allowed me not to 
have to leave fishing and go back to the oil field. I would never have 
applied if it wasn’t for seeing Facebook posts, and the promises that the 
paperwork was only one page. When you’re digging out from under a 
mound of debris, you don’t have time for forms. 

The findings on decision-maker responses to hazards are relevant in 
showcasing the need for urgent, simple, and rapid cash infusions to 
small businesses in both contexts. 

5.5. Including local ecological knowledge in decision-making 

Most surprisingly, many NBR stakeholders perceived Harvey as an 
opportunity just as much as it was a tragedy. Civil society organizations 
and NGOs specialized in recreational fishing and birding took advantage 
of the regional shutdown to build up their NGOs and form new links in 
their communities. One local group of recreational fishing captains 
which advocates for resource conservation used the time that many 
guides were out of work to build relationships with decision-makers and 
universities. In the words of their president, “we used this time to knock 
on everyone’s door. I met all of the faculty at the two universities in 
town, I met with everyone from the bottom to the top of Texas Parks and 
Wildlife [state resource management agency]. I met with all the groups 
with the finances, like Sea Grant and CBBEP. I now know everyone and 
everyone now knows our group, and all of that is thanks to Harvey.” 

These newly formed relationships had one major transformative 

5 In the Coastal Bend, according to Texas Parks and Wildlife, the for-hire 
recreational fleet losing over 32 consecutive days of work per operator, $4.1 
million in losses to vessels and gear, and $23.6 million in losses to waterfront 
facilities. These waterfront NBR facilities include small businesses such as bait 
and tackle shops, which lost $2.7 million in physical damages, and piers and 
docks, which lost 22 consecutive days of business were lost, with 92% of bait 
and tackle shops closed in the days immediately after Harvey and 54% sus-
taining damages (TPWD 2018). 
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outcome: that the local ecological knowledge of NBR stakeholders was 
utilized more in decision-making. Local ecological knowledge (LEK) is 
“experiential knowledge” gained by day-to-day experiences in the 
ecosystem, versus scientific knowledge (Olsson and Folke, 2001). It is 
held by a specific group of people (in this case, the people whose live-
lihood is made from NBR), and concerns the interplay of organisms and 
their environment. LEK may be a mix of scientific and practical 
knowledge. 

Hurricane Harvey led to NBR-focused NGOs building close links to 
the refuge managers at The Aransas National Wildlife Refuge, which is 
immensely important for NBR. NGOs used these new relationships to 
advocate for restoration of coastal habitat based on their LEK. In the 
words of a federal resource manager: 

I know this sounds terrible, but Harvey was really a huge opportunity 
for us to engage more with community groups, and build trust and re-
lationships there. It was born out of necessity to help get us back online 
quicker asking community groups to weigh in on where we should 
prioritize ecological restoration. We were given Congressional funds for 
the restoration, and used their input on habitat to prioritize. They knew 
where major erosion had happened in areas of the highest importance to 
recreational fishing for example. 

Another federal resource manager said the following: 
Our wildlife refuge is huge, over a hundred thousand acres, we only 

knew about degraded habitat like oyster reefs, rookeries, and peninsula 
habitat from fishermen’s groups in the days and weeks immediately 
after Harvey. Some of those locations were beyond our reach, because 
our staff had evacuated and our facilities were damaged. Without the 
local knowledge of fishing captains, we would have less information 
about what parts of the resource we needed to ask for federal money to 
restore. We are working more closely than ever with them. I do not think 
this would have happened without Harvey. Their knowledge helps us 
prioritize millions of dollars in Congressional funds faster than we were 
able to in the past. 

Harvey presented a window of opportunity, born out of necessity, for 
resource managers to include LEK in decision-making. Federal, state, 
and local officials all noted that Harvey opened up lines of communi-
cation between civil society and government that enabled the rapid use 
of LEK in decision-making. They noted that spending the large sums of 
federal relief money from a Congressional allocation needed buy in and 
rapid decision-making, prioritizing areas of reserves. The greater ca-
pacity to integrate LEK in decision-making after Harvey addressed both 
requirements. 

6. Discussion 

After Harvey, restoring recreational ecosystem service benefits was a 
major priority in hurricane recovery because it was so strongly tied to 
the identity and economic way of life in the Coastal Bend. This study 
finds evidence that socio-ecological systems scholarship correctly 
theorized the non-decomposability (or inextricable links between 
coastal ecosystems and the human systems enabling benefits like NBR). 
Likewise, socio-ecological systems scholarship correctly theorizes the 
reflexive nature of the system. In this study, reflexivity can be found in 
how the coastal ecosystem (for example, a beach), caused human 
development that is required for recreational ecosystem services (for 
example, a pier, parking lot, or restrooms). But, human systems of 
development (infrastructure, economies) intertwined with coastal eco-
systems are themselves limited by natural hazards (for example, hurri-
canes). This study finds that the governance of ecosystem services is 
what negotiates limits. 

Specifically, collaborative adaptive governance of ecosystem ser-
vices, which grounded theory methods allowed me to offer a revised 
definition (relevant to contexts of coastal NBR post hazards) as: 
decision-makers 1) learning and adapting to repair small and large scale 
NBR infrastructure via manageable funding sources that allowed for 
resilient rebuilding, 2) preventing the erosion of shared local identity via 

assistance programs to small businesses for NBR, and 3) beginning to 
include LEK more readily in decision-making for ecosystem services 
management. In all three components of collaborative adaptive gover-
nance, decision-maker leadership led to resilience. 

Nearly every decision-maker interviewed for this research indicated 
that acting on climate resilience is a usually a non-starter in the Coastal 
Bend communities in this study, a region in which a majority voted for 
populist, rightwing U.S. president Donald Trump in 2016 (Ramsey, 
2016). In their view, Harvey changed that. The words of a prominent 
local municipal official illustrates this concept clearly: 

Prior to Harvey, the last major hurricane that people experienced 
down here was Celia in 

1970. You can warn people all you like but until they experience it, 
they are less willing to listen. Now, people are putting two and two 
together and realizing that this may get worse with climate change, and 
they want us to act. We can’t call this action on “climate change” yet, but 
we can call it action to address future hurricanes. It’s about messaging. 

That statement suggests that forward thinking decision-makers must 
be entrepreneurial and seize political opportunities created by hazards 
while coping with the devastation. Research in the natural hazards 
literature has also found evidence that decision-maker leadership and a 
“handful of individuals” leads to resilient outcomes following hazards 
(Carpenter et al., 2012). The hazards literature gives insight into how 
exactly decision-makers enhance resilience: by shaping management 
and governance trajectories, developing shared visions of resilient out-
comes, building trust, connecting social networks, and seizing windows 
of opportunity for socio-ecological systems to transform and adapt 
(Carpenter et al., 2012). This study found evidence for all of these 
processes. 

Moore and Westley, 2011 argue that “social innovation” by “insti-
tutional entrepreneurs”, is critical for building resilience. According to 
them, Social innovation occurs when 1) leaders recognize patterns of 
rigidity that diminish resilience, and make changes to overcome these 
patterns; 2) leaders build informal relationships and collect knowledge, 
3) leaders share information with strategic intent, shaping discourse in 
ways that are understandable to both wide audiences and policy-makers 
(Moore and Westley, 2011). The Harvey case spotlights a major source 
of rigidity: complex federal aid requirements for which decision-makers 
made changes to overcome. 

The findings presented here align with Moore and Westley’s findings, 
and even suggest political changes that are interesting to those outside of 
these small coastal towns. An additional source of rigidity is changing, 
rooted in the denial of climate change science characteristic of conser-
vative subnational regions in the U.S., and evidenced in prior unwill-
ingness to enact policies addressing resilience. Now that communities 
see a concrete example of the future under climate change, and what it 
does to culturally and economically important facets of life, policy ac-
tion is possible where it previously was not. 

Other natural hazards research on resilient social-ecological systems 
suggest they have the following components: 1) Social Capital or a 
network of personal relationships, where individuals invest, access, and 
reap returns on investment; 2) Information and communication from 
leaders to the public, which may be the primary enabler of adaptation in 
societies coping with hazards; and 3) Shared narratives where the com-
munity sees itself in a common way, sharing a sense of place, and 
increasing community competency or the ability to collaborate, identify 
problems, and solve them with collective action (Alkon, 2004; Norris 
et al., 2008; Sherrieb et al., 2010; Cox and Perry, 2011). 

Likewise, this research found evidence that these concepts are 
important. For example, the chamber of commerce worked to prevent 
the erosion of the shared narrative of the community, one centered on 
NBR, in its small business assistance programs. Social capital was critical 
here, because without the preexisting links to the community, spreading 
information about its grant program would have been impossible and 
caused a similar failure to the overly complex federal program for small 
businesses. 

K.H. Dunning                                                                                                                                                                                                                                    



Ecosystem Services 50 (2021) 101324

11

This research differs in one key finding: information exchange from 
LEK reaching decision-makers is important in recovery from hazard 
events. This suggests flows of information must be two way following a 
hazard to ensure decisions are made rapidly and efficiently. Information 
from decision-makers to the public was critical for recovery (chamber of 
commerce telling small business owners how to apply for aid), but LEK 
flowing from people working in the NBR economy to resource managers 
is equally important. This information flow occurred more rapidly than 
it would have without the storm, suggesting the “window of opportu-
nity” framing of hazards to be correct in this case. LEK also had a larger 
impact on how ecological restoration dollars would be spent compared 
to a scenario without Harvey and the new collaborative relationships it 
created. 

6.1. Contextualizing this case globally 

Insights from the global context are important as well both to 
contextualize Texas and to seek lessons learned for U.S. decision-makers. 
There are countless examples in bodies of literature such as hazards, 
institutions, and public policy, but I focus on two, selected because of 
their focus on similar coastal ecosystems, hazards, and recovery: Japan 
and Australia. Japan offers a hazard response to aspire to, whereas 
Australia presents a mirror image of many phenomena present in the 
Texas case. 

Ito and Watanabe describe the recovery of oyster farmers after the 
2011 Tsunami in Lake Akkeshi Japan (2018). They describe the process 
of recovery as a stakeholder-driven process where cooperatives were 
formed with knowledge and learning concentrated and directed strate-
gically. Farmers, government, and private sector actors shared infor-
mation and assisted in recovery, to the benefit of oyster farming 
communities. Lessons can be learned from this case. Japan, much like 
Texas and other U.S. states, has decentralized natural resource gover-
nance. Yet, in Japan, there is substantial nestedness and redundancies in 
its governance structures with an emphasis on learning and information 
sharing. Meaning, its ministries that respond to hazards have active 
offices in subnational regions with deliberate national and subnational 
programs aimed at researching natural resource management, liveli-
hoods, and hazards. 

In the U.S., collaborative research programs, aimed at cross-scale 
(federal, state, and local) information sharing and network strength-
ening, focusing on coastal hazards and livelihoods, could duplicate this 
nested co-production of knowledge. However, the uncertainty of 
American politics makes planning or building programs like this difficult 
and dependent on the administration and current political mood. For 
example, the Trump administration has on countless occasions gutted 
the capacity of government to support, let alone co-create research with 
local stakeholders evidenced in its repeated requests for catastrophic 
budget cuts to federally funded research (Science News Staff, 2020) and 
its general anti-science rhetoric (Freedman and Samenow, 2021). 
Further research linking public opinion, administration-to- 
administration changes in policy and financing, and ties to resilience 
are necessary. 

Another international example with implications for my research 
include rapidly urbanizing coastal zones of Australia, where ecosystems 
(i.e. wetlands and beaches) attract numerous NBR visitors and syner-
gistically buffer hazards (Torabi et al., 2018). Torabi et al. find that 
public and decision-maker attitudes shape institutions and systems to 
determine adaptation strategies (2018). They found that decision- 
makers and the public may be unwilling to adapt to coastal hazards if 
they do not understand hazard mitigation topics (such as a 1-in-100 year 
flood event), which in turn impacts the feasibility of risk reduction 
policies. Likewise, they find that a lack of communication and experi-
ence for disasters reduced willingness for decision-makers to engage 
with resilience-oriented policy, citing the Gold Coast’s last major flood 
in 1974, bearing stark similarities to my respondents citing the impor-
tance of the lost memories of Hurricane Celia in 1970 causing 

indifference towards developing strategies to adapt to hazards. 
I conducted this research and wrote this manuscript before the 

COVID-19 pandemic. Similar themes of multi-scale policy responses 
amidst an ongoing crisis make these findings relevant and important. 

7. Conclusion 

This study used grounded theory methods to build on ideas of 
collaborative adaptive governance of cultural ecosystem services, rec-
reational services in particular, in response to a coastal hazard. It drew 
on socio-ecological systems frameworks and considered the concept of 
resilience. Recent scholarship suggests that policy-making for recrea-
tional ecosystem services would benefit from research offering specific 
governance insights (Hermes et al., 2018). 

Collaborative adaptive management led to resilience after Hurricane 
Harvey. The collaborative adaptive governance implemented by local 
officials, saw leaders who were short on time and funds, seeking out 
alternative funding sources for resilient NBR infrastructure repair. 
Seeking out foundation funding sources eliminated the time, resources, 
and learning curve that applying for the more complex, federally 
administered programs would have entailed. These alternative funding 
sources enabled decision-makers greater flexibility to rebuild NBR 
infrastructure stronger than before, to higher building standards, actions 
prohibited by several sources of federal aid. Spending money to prepare 
public infrastructure for future hazards was likely to have been politi-
cally unpopular, due to common climate science denialism in this 
politically conservative region. Harvey, despite its rampant destruction, 
presented a window of opportunity for policy makers to implement 
resilience-focused policies to bring back the essential NBR economy. 

Conservative U.S. states are not the only place where change is 
needed. It is important that reform of the federal level administrative 
policies and procedures for rebuilding after a disaster occurs. Adminis-
trative procedural burden should not cause communities to seek private 
aid sources, and leave local officials scrambling to patch in funding 
sources in an ad-hoc fashion. If private sources of aid dominate after a 
hurricane, it is possible that private interests may fund recovery in ways 
that ultimately shape policy. Even though private aid had its benefits in 
this case, public institutions that have public interests must lead re-
covery. Likewise, what if private foundation money is unavailable after 
a storm for economic reasons? Communities must be met with federal 
aid programs that are straight forward, simple, and rapid. 

Harvey eroded the shared narrative of the Coastal Bend, as a haven 
for NBR, by forcing those working in NBR out of work and into other 
sectors. Local institutions, such as the chamber of commerce, were able 
to assist by offering small loans that required minimal paperwork and 
accounting. Likewise, NGOs such as fishing and birding groups 
increased their networks, building collaborative relationships with 
universities and resource managers to build their presence in the com-
munity. This increased the capacity for decision-makers to use LEK, 
concentrated in these NGOs, for decision-making to achieve rapid pri-
oritization of large sums of federal aid. More research is needed over 
multi-year periods to determine which collaborative adaptive gover-
nance changes have staying power in the months and years after a 
hurricane. 

Governance of recreational services is an important topic for further 
research because it bridges sectors that commonly consider ecosystem 
services in decision-making (resource managers) with those who may 
not (economic development). Decision-making that considers ecosystem 
services is important in a state like Texas, which is so rich in natural 
capital, with its large tracts of undeveloped coastal land. Since most land 
in the state is privately owned, development decisions are often made by 
local institutions that are not required to take into account the loss in 
ecosystem services that developing coastal land entails. These local in-
stitutions are incentivized to prioritize community economic develop-
ment, and according to respondents in this study, rarely if ever consider 
ecosystem services in decision-making. The words of one planning 
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official illustrate this point: 

Do you think that coastal protection ecosystem services matter to the 
guys buying and selling million-dollar parcels on the barrier islands? 
Does the county judge know about ecosystem services? No. That 
said, fishing, beach-going, bird watching, those are easier services to 
sell down here because people associate those with the economy. 
Focus on those, and the protection stuff will follow naturally. Hur-
ricanes like Harvey may change this, but that remains to be seen. 

The flaws of this research are that despite taking a socio-ecological 
systems approach to examining governance of cultural services, my 
focus is largely on man-made or human systems. This research could 
undoubtedly benefit from interdisciplinary data using geospatial anal-
ysis or ecological fieldwork on coastal ecosystems. However, in this case 
study, the infrastructure that I focus on for NBR (signage, piers, disabled 
access ramps, park offices, parking lots) are in many ways synonymous 
with the ecosystems themselves –and inextricable from the human ex-
periences and benefits people derive from those systems. Ecosystem 
services thinking tells us that these services, in turn, incentivize sus-
tainable management of those ecosystems. Because I used a socio- 
ecological systems framework, the infrastructure that ensures access 
for NBR stakeholders is just inseparable from the ecosystems they allow 
us to enjoy. Hazards scholarship and IPPC frameworks allowed me to 

address these flaws in part, framing measures aimed at ecological con-
servation, NBR livelihoods, and hazard mitigation as a triple win policy 
options that primes the pump for future climate policies. Future research 
on hazard recovery can and should integrate social, ecological, and 
biophysical data. 

Recreational ecosystem services may act as bridges to decision- 
makers who may enact policy to not only prepare for our climate 
future, but also to conserve ecosystems, motivated by the obvious eco-
nomic links to the NBR sector. Major Hazards like Harvey illustrate how 
important recreational services are to the economy, which makes 
resilience-focused policy interventions more feasible in places where 
they may otherwise be stalled for political reasons. 
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Appendix A 

Interview questions  

1. What were the greatest challenges you faced in recovering from Hurricane Harvey specifically relating to the recreational economy?  
a. Follow up: Give me more detail about that topic.  

2. How has recovery changed your role and your organization and how you receive tourists or recreational stakeholders?  
b. Follow up: What new things did you have to learn for you to be able to engage in recovery and do your job?  
3. What obstacles slowed recovery relating to the recreational economy?  
4. If you could go back in time and tell yourself something before Harvey made landfall (so that your capacity to respond would improve) what would 

that be?  
5. Give me an example of a change or adjustment you had to make in order to recover from Hurricane Harvey, and how this change will impact 

coastal tourism? 

Additional respondent and interview data   

Type of respondent Number Was the interview conducted in a group setting? Duration of interview in order of respondent Where did the interview occur? 

Local Governments 15    
City executive 1  1 hour A state government office 
City executive 1  1 hour A site visit 
Emergency managers 1  2 hours A state government office 
Emergency managers 1  30 minutes A state government office 
Emergency managers 1  1 hour A state government office 
Elected or appointed officials 1 Y 1 hour A state government office 
Elected or appointed officials 1 Y 1 hour A state government office 
Elected or appointed officials 1 Y 1 hour A state government office 
Elected or appointed officials 1  30 minutes By phone 
Elected or appointed officials 1  1 hour By phone 
Elected or appointed officials 1  1 hour By phone 
Elected or appointed officials 1  1 hour A state government office 
City or town planner 1 Y 1 hour A state government office 
City or town planner 1 Y 1 hour By phone 
City or town planner 1  30 minutes A city government office   

State agencies 5    

Texas Parks and Wildlife 1 Y 30 minutes A site visit 
Texas Parks and Wildlife 1 Y 30 minutes A site visit 
Texas General Land Office 1 Y 30 minutes A site visit 
Texas General Land Office 1 Y 30 minutes A site visit 
Texas General Land Office 1  1 hour A site visit 
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Federal agencies 9    

FEMA 1  30 minutes By phone 
USFWS 1  30 minutes By phone 
USFWS 1 Y 30 minutes A site visit 
USFWS 1 Y 1 hour A site visit 
National Estuary Program 1  1 hour A site visit 
National Estuary Program 1  1 hour A site visit 
National Estuary Program 1  30 minutes By phone 
Contractors 1  1 hour A site visit 
Contractors 1  30 minutes A site visit   

NGOs 10    

Fishermen’s group 1 Y 2 hours A site visit 
Fishermen’s group 1 Y 2 hours A site visit 
Fishermen’s group 1  1 hour A site visit 
Fishermen’s group 1  1 hour A site visit 
Cleanup style group 1  1 hour By phone 
Cleanup style group 1  1 hour By phone 
Faith based groups 1  1 hour By phone 
Faith based groups 1  1 hour By phone 
Birding groups 1  2 hours A site visit 
Civic groups 1  2 hours A site visit   

Private Sector 5    

Business owners 1  2 hours A state government office 
Chambers of commerce 1  2 hours By phone 
FIshing guides/boatmen 1 Y 2 hours A site visit 
FIshing guides/boatmen 1 Y 2 hours A site visit 
Private land owners 1  1 hour By phone  
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Schultz, Lisen, Folke, Carl, Österblom, Henrik, Olsson, Per, 2015. Adaptive governance, 
ecosystem management, and natural capital. Proceedings of the National Academy 
of Sciences 112 (24), 7369–7374. https://doi.org/10.1073/pnas.1406493112. 

Science News Staff. (2020, December 22). Massive 2021 U.S. spending bill leaves 
research advocates hoping for more. Science | AAAS. https://www.sciencemag.org/ 
news/2020/12/massive-2021-us-spending-bill-leaves-research-advocates-hoping- 
more. 

Serhan, Y., 2020. January 6). Populism Is Morphing in Insidious Ways, The Atlantic 
https://www.theatlantic.com/international/archive/2020/01/future-populism- 
2020s/604393/.  

Sherrieb, K., Norris, F. H., & Galea, S. (2010). Measuring Capacities for Community. 
A. Soergel America’s Fastest-Growing States US News & World Report. 2019 https:// 

www.usnews.com/news/best-states/slideshows/these-are-the-10-fastest-growing- 
states-in-america. 

Spalding, M.D., Ruffo, S., Lacambra, C., Meliane, I., Hale, L.Z., Shepard, C.C., Beck, M. 
W., 2014. The role of ecosystems in coastal protection: Adapting to climate change 
and coastal hazards. Ocean & Coastal Management 90, 50–57. https://doi.org/ 
10.1016/j.ocecoaman.2013.09.007. 

Spangenberg, J.H., von Haaren, C., Settele, J., 2014. The ecosystem service cascade: 
Further developing the metaphor. Integrating societal processes to accommodate 
social processes and planning, and the case of bioenergy. Ecological Economics 104, 
22–32. https://doi.org/10.1016/j.ecolecon.2014.04.025. 

TEEB. (n.d.). Ecosystem Services. TEEB. Retrieved April 14, 2020, from http://www. 
teebweb.org/resources/ecosystem-services/. 

Texas Agrilife Extension, n.d. Change in Texas Land Use | Wetland Economic Benefits for 
Landowners. Retrieved April 14, 2020, from https://valuewetlands.tamu.edu/2015/ 
04/10/change-in-texas-land-use/. 

Torabi, E., Dedekorkut-Howes, A., Howes, M., 2018. Adapting or maladapting: Building 
resilience to climate-related disasters in coastal cities. Cities 72, 295–309. https:// 
doi.org/10.1016/j.cities.2017.09.008. 

Tourism GulfBase. (2004). https://www.gulfbase.org/environmental-issue/tourism. 
TPWD Hurricane Harvey Fisheries Damage Assessment—Preliminary Results Texas Parks 

and Wildlife. 2018 https://www.fisheries.noaa.gov/resource/document/hurricane- 
harvey-fisheries-damage-assessment-preliminary-results-texas. 

I. Webster Inflation Calculator In2013Dollars.Com. 2019 http://www.in2013dollars. 
com/1994-dollars-in-2018?amount=145. 

Weinkle, Jessica, Landsea, Chris, Collins, Douglas, Musulin, Rade, Crompton, Ryan P., 
Klotzbach, Philip J., Pielke, Roger, 2018. Normalized hurricane damage in the 
continental United States 1900–2017. Nature Sustainability 1 (12), 808–813. 
https://doi.org/10.1038/s41893-018-0165-2. 

Whitson, W., Foutz, K., 2018. Long Term Recovery Plan Final Draft (Click Here). Aransas 
County. https://www.aransascounty.org/harvey/long-term-recovery-plan- 
elements/. 

Wilson, D.C., Raakjær, J., Degnbol, P., 2006. Local ecological knowledge and practical 
fisheries management in the tropics: A policy brief. Marine Policy 30 (6), 794–801. 
https://doi.org/10.1016/j.marpol.2006.02.004. 

Yin, R.K., 2009. Case study research: Design and methods, (4th ed). Sage Publications. 
Young, O.R., Berkhout, F., Gallopin, G.C., Janssen, M.A., Ostrom, E., van der Leeuw, S., 

2006. The globalization of socio-ecological systems: an agenda for scientific 
research. Global Environ. Change 16 (3), 304–316. https://doi.org/10.1016/j. 
gloenvcha.2006.03.004. 

K.H. Dunning                                                                                                                                                                                                                                    

https://doi.org/10.1007/s10464-007-9156-6
https://doi.org/10.1007/s100210000061
https://doi.org/10.5751/ES-01595-110118
https://doi.org/10.5751/ES-01595-110118
https://doi.org/10.1017/CBO9780511807763
https://doi.org/10.2307/419807
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0385
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0385
https://doi.org/10.1016/j.ecoser.2012.07.008
https://doi.org/10.1016/j.ecoser.2012.07.008
https://doi.org/10.1016/j.ecoser.2015.05.002
https://doi.org/10.1111/j.1755-263X.2008.00019.x
https://doi.org/10.1111/j.1755-263X.2008.00019.x
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0410
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0410
https://doi.org/10.1890/120144
https://doi.org/10.1111/j.1468-5973.2006.00477.x
https://doi.org/10.1111/j.1755-263X.2009.00085.x
https://doi.org/10.1111/j.1755-263X.2009.00085.x
https://doi.org/10.1016/j.ecoser.2018.11.007
https://doi.org/10.1016/j.ecoser.2018.11.007
https://doi.org/10.1073/pnas.1406493112
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0460
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0460
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0460
https://doi.org/10.1016/j.ocecoaman.2013.09.007
https://doi.org/10.1016/j.ocecoaman.2013.09.007
https://doi.org/10.1016/j.ecolecon.2014.04.025
https://doi.org/10.1016/j.cities.2017.09.008
https://doi.org/10.1016/j.cities.2017.09.008
https://doi.org/10.1038/s41893-018-0165-2
https://doi.org/10.1016/j.marpol.2006.02.004
http://refhub.elsevier.com/S2212-0416(21)00082-6/h0540
https://doi.org/10.1016/j.gloenvcha.2006.03.004
https://doi.org/10.1016/j.gloenvcha.2006.03.004

	Adaptive governance of recreational ecosystem services following a major hurricane
	1 Introduction
	2 Literature review
	2.1 Balancing development, nature, and hazards
	2.2 Governance
	2.3 Ecosystem services governance
	2.4 Ecosystem service governance and theories of socio-ecological systems
	2.5 Modes of ecosystem services governance
	2.6 Resilience
	2.7 Local ecological knowledge in governance

	3 Research design and methods
	4 Case study site
	5 Results
	5.1 Adaptive governance and federal aid
	5.2 Roadblocks to resilience
	5.3 Collaborative adaptive governance through leveraging community networks
	5.4 Linking cultural services, well-being, and policy responses
	5.5 Including local ecological knowledge in decision-making

	6 Discussion
	6.1 Contextualizing this case globally

	7 Conclusion
	8 Funding Source
	Declaration of Competing Interest
	Appendix A
	References


