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ABSTRACT

Given the risk posed by escalating climate conditions, there is a need to assess how localities
integrate adaptive planning into hazard mitigation and how this is enabled or constrained by
existing planning institutions. We explore this for flood planning in the Lower Rio Grande Valley of
Texas, United States — a largely underresourced and highly socioeconomically vulnerable area.
Using Natural Language Processing to analyze county and regional hazard plans as well as
transcripts of regional flood planning meetings, we find that adaptive planning is largely absent
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in the study area. Like many localities in the U.S., the communities in the study area have
approached flood planning in static terms that do not fully consider future uncertainties; failed
to engage diverse participation in planning; and neglected to pursue co-benefits possible with
flood mitigation and other sectors. Critically, this may be a product of traditional planning

institutions as well as limited local capacities.

1. Introduction

Planning for natural hazard risk reduction in the context
climate change involves decision making under condi-
tions of interacting, multiple uncertainties. Some of these
are ‘deep uncertainties’ connected to long time horizons,
nonlinear changes in climates and ecosystems, and the
inability to reliably quantify the rate and magnitude of
climate change (Babovic & Mijic, 2019; Bosomworth &
Gaillard, 2019). Other uncertainties are associated with
the ambiguities and unpredictability of socioeconomic
systems, including population growth, land use change,
social conflict, and the whims of political will (Babovic &
Mijic, 2019; Buurman & Babovic, 2014). In the face of
these uncertainties, a new paradigm of decision making
has emerged that emphasizes the development of adap-
tive plans and policies (Haasnoot, Kwakkel, Walker, et al.,
2013; Walker, Haasnoot, & Kwakkel, 2013).

Traditional planning approaches typically generate a
static optimal plan to reduce vulnerability to a single
‘most likely’ future or to respond to a wide range of
plausible future scenarios (Haasnoot, Kwakkel, Walker,
et al.,, 2013; Manocha & Babovic, 2018). Because the
future is largely unknowable, static optimal plans are
likely to fail and adaptations are made ad-hoc to adjust
to emerging risk conditions (Haasnoot, Kwakkel,
Walker, et al,, 2013). Decisions made are reactive and

may create path dependency by locking in assets over
long timeframes that entail high transfer costs when
alternative options are pursued (Bloemen, Reeder,
Zevenbergen, et al, 2018; Lawrence, Bell, &
Stroombergen, 2019). In contrast, adaptive planning is
dynamically robust. It accepts the multiple plausible
futures resulting from deep uncertainties; commits to
short-term actions that best respond to what is known;
keeps long-term actions open; and adjusts actions dyna-
mically in response to emergent risk conditions
(Babovic & Mijic, 2019; Bosomworth & Gaillard, 2019;
Manocha & Babovic, 2018; Walker, Haasnoot, &
Kwakkel, 2013). Adaptive planning accepts that more
information cannot resolve deep uncertainties; rather,
diverse knowledge from many stakeholders is needed to
create a shared understanding as the future unfolds
(Buurman & Babovic, 2014; Rosa, 2008).

Given the irreversibility, cost-intensity, and long life-
spans of infrastructure, adaptive planning is preferrable
over traditional static planning approaches for guiding
infrastructure investments (Manocha & Babovic, 2018).
Studies of the application of adaptive planning have
found that this approach increases awareness to uncer-
tainties, provides political support for keeping long-
term options open, and motivates decision makers to
adjust plans in ways that better accommodate future
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conditions (Bloemen, Reeder, Zevenbergen, et al., 2018).
When decision makers accept uncertainty inherent to
the future and seek dialogue and knowledge sharing
among diverse stakeholders, plans generate greater
equity in risk reduction and promote a shared under-
standing of risk (Eakin, Parajuli, Yogya, et al., 2021;
Rosa, 2008). Enabled by diverse intersectoral participa-
tion, adaptive planning can create mutual benefits
across systems for the pursuit of risk reduction in con-
junction with the delivery of public services (e.g., water,
transportation and energy) and promotion of public
health (Boyd, Pathak, van Diemen, et al., 2022).

As these benefits underscore, the incorporation of the
interdependent attributes of adaptive planning - accep-
tance of uncertainty, engagement of diverse stake-
holders in planning processes and pursuit of co-
benefits - into local hazard planning is an important
area to study. While studies have focused on these
attributes individually (Boyd, Pathak, van Diemen, et
al., 2022; Laukkonen, Blanco, Lenhart, et al., 2009; Stults
& Larsen, 2020; Wang, 2013; Woodruff & Regan, 2019),
there is a need to evaluate them in tandem. There is also
a need to consider how adaptive planning may be rea-
lized given existing institutions of the governance sys-
tem that may constrain the decision processes and
policy options available. Scholars have noted this ten-
sion, arguing:

There exists a re-adaptation challenge in the scholarship
and practice of adaptive governance that results from
opposing tendencies and the widening gap between
decision-making for future shocks (adaptation as it is
widely understood) and the very real constraints
imposed by entrenched institutional arrangements
and physical infrastructure that is designed and oper-
ated for a narrowly defined set of conditions.

(Scott, Shrestha, & Lutz Ley, 2020, pp. 104-105)

Natural hazard planning, in particular, is highly insti-
tutionalized as there are requirements and conditions
set by federal governments for subnational entities to
meet. In the United States (U.S.), disaster assistance and
funding for hazard mitigation is made available by the
Federal Emergency Management Agency (FEMA) only
to those states and, by extension, localities that have
approved hazard mitigation plans (Congressional
Research Service, 2022). Not only do planning require-
ments present institutional constraints to adaptation,
case studies have shown that adaptation options are
circumscribed by decision cycles and choices of the
past, made under specific institutional arrangements
and in social and political contexts with asymmetric
power (S. Eriksen & Lind, 2009; Tellman, Bausch,
Eakin, et al., 2018). Despite the reality that hazard plan-
ning takes place in an institutional environment with

past legacies and current constraints, the scholarship on
adaptative planning has not fully addressed this issue.
As a result, the uptake and implementation of adaptive
planning may be stalled or stymied.

To further the scholarship on adaptive planning, this
study asks: How do existing traditional planning institu-
tions support adaptive planning? We explore this for
flood planning in the Lower Rio Grande Valley of
Texas, U.S. We draw on county hazard and regional
flood plan documents as well as transcripts of regional
flood planning meetings to explore the emergent topics
of these institutional outputs. Using Natural Language
Processing to analyze this large amount of text, we find
that hazard plans and discussions developing these
plans are largely lacking an adaptive approach.

2. Conceptual framework of adaptive planning

Adaptation refers to ‘a series of adjustments, measures
or policies, to reduce the vulnerability or enhance the
resilience of a system to observed or expected climate
change, reducing damages and maximising potential
opportunities’ (Intergovernmental Panel Climate
Change Climate Change, 2007). Climate change is pro-
jected to increase global temperatures and sea-level rise
and cause more frequent and intense heat waves,
droughts, hurricanes, tornadoes, and flooding
(Intergovernmental Panel Climate Change, 2018). Yet,
climate projections are limited by ‘fundamental, irredu-
cible uncertainties’ arising ‘from limitations in knowl-
edge (e.g., cloud physics), from randomness (e.g., due to
the chaotic nature of the climate system) and from
human actions (e.g., future greenhouse gas emissions)’
(Dessai, Hulme, Lempert, et al., 2009). In the context of
flooding, these uncertainties are compounded by
unknowns related to population growth, land use
changes, and social behavior (Babovic & Mijic, 2019).
Despite the challenges that compounding climatic
and non-climatic uncertainties pose, a number of adap-
tive planning approaches exist to manage hazard risk
under conditions of uncertainty (Walker, Haasnoot, &
Kwakkel, 2013). Adaptive planning can be understood
as a form of adaptive management (Holling, 1978;
Walker, Haasnoot, & Kwakkel, 2013). As a process of
policy development, adaptive management addresses
uncertainty with varying mechanisms, including
‘experimentation to discover new knowledge; delibera-
tive processes to engage multiple perspectives in deci-
sion making; and monitoring of outcomes and changes
with responsive adjustment’ (Hasselman, 2017, p. 41).
When adaptive management is applied not only to a
policy domain but across political processes (politics),
institutional arrangements (polity) and policy (plans),



adaptive governance results (Cosens & Williams, 2012;
Hasselman, 2017). Adaptive governance requires insti-
tutions to embrace multiple sources of legitimate
authority and knowledge, which not all existing legal
and political systems can accommodate (Garmestani &
Benson, 2013; Ruhl, 2010). Thus, adaptive management
- and, by extension, adaptive planning - may be imple-
mented under any mode of governance; however, it is
likely to be facilitated by systems of adaptive governance
(Cosens & Williams, 2012; Garmestani & Benson, 2013;
Hasselman, 2017). Adaptive Policymaking is a theoreti-
cal approach to adaptive planning for designing
dynamic robust plans in the presence of uncertainties
(Ranger, Millner, Dietz, et al., 2010; Walker, Rahman, &
Cave, 2001). Adaptation over time is central to the
planning process as ‘inevitable changes become part of
a larger, recognized process and are not forced to be
made repeatedly on an ad hoc basis’ (Walker, Haasnoot,
& Kwakkel, 2013, p. 961). Using monitoring and cor-
rective actions, long-term goals are maintained even as
the knowledge base evolves.

Analytical planning approaches for dealing with
uncertainty have emerged with Adaptation Tipping
Points and, by extension, Adaptation Pathways.
Emerging from a need to respond to new climate sce-
narios, these approaches explore the sequencing a set of
possible actions, given revealed information over time
(Haasnoot, Kwakkel, Walker, et al., 2013). Rather than
addressing specific scenarios, Adaptation Tipping
Points and Adaptation Pathways focus on the condi-
tions under which a given plan of action will fail.
Tipping points are the conditions under which accep-
table ‘technical, environmental, societal, or economic
standards may be compromised’ (i.e., acceptable level
of flood risk). At the juncture of a tipping point, ‘the
system cannot continue to perform as expected and
requires the implementation of another adaptation
action’ (Manocha & Babovic, 2018, p. 12). These prompt
a ‘transfer’ from one pathway to another in the
Adaptation Pathways approach, often envisioned as a
metro map of different routes of action to take to get to
desired targets or goals (Haasnoot, Middelkoop, Beek, et
al., 2011). When tipping points occur is unknown; thus,
when new information is revealed, only the timing of
actions need to be updated - or a new pathway taken -
to keep the plan from failing (Walker, Haasnoot, &
Kwakkel, 2013).

Combining these approaches, the Dynamic Adaptive
Policy Pathways approach has aimed to build flexibility
into a plan by sequencing the implementation of actions
over time so that the system adapts to changing condi-
tions (Haasnoot, Kwakkel, Walker, et al., 2013).
Alternative sequences - pathways - are specified to
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deal with a range of plausible future conditions.
Preferred pathways are established after weighing costs
and benefits so that physically and socially robust
actions form the core of the adaptive plan. How actions
take advantage of or create new opportunities or co-
benefits is also evaluated. The plan ‘covers short-term
investment decisions, long-term options, and adapta-
tion signals to identify when to implement actions or
revisit decisions and consider alternate pathways’
(Haasnoot, Aalst, Rozenberg, et al., 2020, p. 453).

All approaches to adaptive planning share three fun-
damental, interdependent characteristics that we con-
tend are critical for the transition from traditional
hazard planning. First, adaptive planning embraces
uncertainty and offers a structured planning process to
develop actions in the face of future ambiguity. Second,
to build a shared understanding of future uncertainties,
adaptive planning relies on inclusive and diverse parti-
cipation to frame the adaptation problem, select goals,
identify means to achieve those goals and evaluate out-
comes of adaptation actions. Third, leveraging diverse
and intersectoral engagement, adaptive planning facil-
itates the development of actions with co-benefits,
which is particularly important in the face of climate
extremes (i.e., drought and flood).

2.1. Acceptance of uncertainty

All adaptive planning approaches rely on the acceptance
of uncertainty by decision makers (Haasnoot, Kwakkel,
Walker, et al., 2013; Walker, Haasnoot, & Kwakkel,
2013). In a review article on adaptive planning, Walker
and colleagues emphasize how uncertainty is embedded
in the process of adaptive planning, stating:

The essential idea of planned adaptation is that plan-
ners facing deep uncertainty create a shared strategic
vision of the future, explore possible adaptation strate-
gies and pathways, commit to short-term actions, while
keeping long-term actions open, and prepare a frame-
work (including in some cases a monitoring system,
triggers, and contingency actions) that guides future
actions. Implicit in this is that planners accept the
irreducible character of the uncertainties about the
future and aim to reduce uncertainty about the
expected performance of their plans. So, planners have
to accept—and in a sense embrace—uncertainty, rather
than spending large amounts of time and effort on
trying to reduce it, and waiting to take action until the
uncertainties have been resolved.

(Walker, Haasnoot, & Kwakkel, 2013, p. 970)

The challenges and constraints presented by deep
uncertainties prompt decision makers to use the process
of adaptive planning (Haasnoot, Kwakkel, Walker, et al.,
2013; Lawrence & Haasnoot, 2017; Walker, Haasnoot, &



422 (& A.D.ROSSETAL.

Kwakkel, 2013). Within this process, an acceptance of
uncertainty frames shared visions and goals for the
future. By extension, uncertainty is inherent to the
adaptation strategies and pathways devised and sup-
ported by the public and decision makers. Adaptive
planning seeks to reduce and manage uncertainty
through the development of monitoring systems and
corrective actions. Given that much of the uncertainty
surrounding future climate conditions cannot be
reduced (Dessai, Hulme, Lempert, et al., 2009), adaptive
planning also seeks out diverse participation from sta-
keholders to gather information from sectors and
groups across the community, thereby reducing the
uncertainty of information that is reducible.

2.2. Diverse participation

Diverse stakeholder participation is critical in adaptive
planning to adequately frame the adaptation problem,
select goals, identify means to achieve those goals and
evaluate outcomes of adaptation actions. To achieve
these ends, stakeholder participation must include the
broad array of social sub-groups as well as public and
private sectors in a community (Bosomworth &
Gaillard, 2019). The inclusion of diverse groups and
sectors sets the stage for knowledge sharing.
Ambiguity about future hazards cannot be reduced by
more information but rather by dialogue between sta-
keholders and decision makers (Bosomworth &
Gaillard, 2019). Funtowicz and Ravetz (2020) argue
that such complexity and uncertainty require a new
methodology for science, one that ‘is not formalized
deduction but an interactive dialogue’ between all
those who have a stake in the issue (p. 5). Elaborating
on this, Rosa states:

The essential function of quality assurance and critical
assessment can no longer be performed only by a
restricted corps of insiders (such as scientists and
experts), the dialogue must be extended to all of those
who have a stake in the issue, that is, to the extended
peer community. When the problem situation is well
defined (system uncertainties and decision stakes are
both low) then normal science (positivist and reduc-
tionist science) will work well, but when the problems
are poorly defined and there are great uncertainties
potentially involving many actors and interests, then
we must attend to this new production of knowledge.
(Rosa, 2008, p. 24)

Beyond knowledge sharing, diverse participation in
adaptive planning is needed to ensure that adaptation
decisions are equitable and truly address the drivers of
risk (Eakin, Parajuli, Yogya, et al., 2021). Exposure and
vulnerability to natural hazards are unevenly distributed

globally and within populations, largely as a function of
social (e.g., economic inequalities, discriminatory land
use and zoning) rather than physical factors (Thomas,
Hardy, Lazrus, et al., 2019). In the U.S., race and ethnic
minority groups are disproportionately exposed to and
affected by natural hazards (Fothergill, Maestas, &
Darlington, 1999; Tate, Rahman, Emrich, et al., 2021).
Compounding these inequities, existing power imbal-
ances determine whose knowledge, values and stakes are
involved in planning (Bosomworth & Gaillard, 2019; S.
H. Eriksen, Nightingale, & Eakin, 2015; Tellman,
Bausch, Eakin, et al., 2018). These power structures
also determine which environmental signal or threat is
responded to; when response matters and for whom;
and what actions are taken, given the trade-offs of costs
and benefits to dominant groups.

Structural inequities, however, are not overcome by
simply creating a participatory space:

Even presumably inclusive learning spaces are not
immune from reproducing inequalities and exploiting
inherent vulnerabilities. At the community level, as
with the policy level, unequal power defines the range
of developmental options conceivable and may close
down trajectories that might address and overcome
these inequities.

(Tschakert, Das, Pradhan, et al., 2016, p. 193)

Pursuing diverse and inclusive participation in plan-
ning, therefore, requires exploring if stakeholders have
the capacity to fully participate (Bosomworth &
Gaillard, 2019). Decision makers must seek out diverse
perspectives and carefully consider procedural and dis-
tributive equity in terms of how people are able to
participate and how the adaptation actions taken dis-
tribute resources and risk (Eakin, Parajuli, Yogya, et al.,
2021). With the understanding gained through knowl-
edge sharing as a result of participation from diverse
social groups and sectors, adaptation actions may inno-
vate to pursue actions that seek to reduce risk as well as
provide other benefits (Ranger, Millner, Dietz, et al,
2010).

2.3. Development of Co-Benefits

Adaptive planning is largely opportunistic in that it seeks
to leverage developments in information, political will,
and economic resources in making adaptations (Walker,
Haasnoot, & Kwakkel, 2013). Opportunities for ‘no-
regret actions’ with co-benefits to serve multiple societal
goals (beyond climate adaptation and natural hazard risk
reduction) are fundamental to climate adaptation
(Berrang-Ford, Ford, & Paterson, 2011). Actions with
multiple social benefits can legitimize or normalize other-
wise potentially contentious investments (Runhaar,



Mees, Wardekker, et al., 2012) and, generally, improve
social well-being and adaptive capacity for resilience
(Dovers, 2009). The development of such interventions
is best supported by intersectoral and diverse stakeholder
participation throughout the planning process
(Haasnoot, Kwakkel, Walker, et al., 2013; Walker,
Haasnoot, & Kwakkel, 2013). This participation may
reveal pathways for the co-production and co-manage-
ment of adaptation with the private sector (Tompkins &
Eakin, 2012).

Adaptive planning to develop actions with co-bene-
fits is particularly useful in the area of water control and
resources. For example, the use of planning controls to
prevent new developments in flood-exposed areas
would not only control flood risk but also benefit eco-
system restoration and enhance water quality through
filtration (Ranger, Millner, Dietz, et al., 2010). Scott and
colleagues emphasize that adaptive planning offers
mechanisms for water infrastructure planning that are
flexible, a critical resilience property in the face of cli-
mate change. They state:

As climate grows more unpredictable, the capacity to
manage water in adaptive ways becomes a very valuable
asset. Now, under climate change, we need to question
how pre-existing water solutions can be re-adapted, if
possible, to fit more adaptive governance approaches.
In a climate change context, infrastructure can help in
managing the timing, magnitude, and distribution of
water flows by providing reservoirs, protections and
barriers against water scarcity or excess.

(Scott, Shrestha, & Lutz Ley, 2020, p. 106)

Research has shown that adaptive planning can facilitate
the design of interoperable water management systems
that redirect water and make use of other systems to
maintain or enhance performance function during
exceedance events (O’donnell, Thorne, Ahilan, et al,,
2020). The ability of adaptive planning to facilitate the
development of dynamically robust adaptive plans that
feature actions with co-benefits or interoperable systems
makes this approach uniquely suited for the water chal-
lenges climate change presents in terms of droughts,
scarcity, and floods.

2.4. Study expectations

Given their importance for adaptive planning, we expect
the presence of a widespread acceptance of uncertainty,
efforts to broaden diverse participation and considera-
tion of co-benefits of hazard mitigation actions in tradi-
tional planning to be evidence of institutions that may
support adaptive planning. We understand adaptive
planning as a form of adaptive management (Holling,
1978; Walker, Haasnoot, & Kwakkel, 2013), facilitated
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by, but not necessarily within a system of, adaptive
governance (Cosens & Williams, 2012; Garmestani &
Benson, 2013; Hasselman, 2017). The successful transi-
tion from traditional to adaptive planning/management
and consideration of the institutional arrangements (e.
g., adaptive governance) in which this is positioned is
beyond the scope of this study. Nonetheless, exploration
of how the fundamental tenets of adaptive planning -
uncertainty, participation and co-benefits — are present
in traditional planning settings should advance our
understanding of the way existing institutions may
enable or constrain more adaptive thinking about nat-
ural hazards and climate change. We, therefore, should
gain insights into the challenges of uptake and imple-
mentation of adaptive planning for public sector agen-
cies that currently maintain traditional planning
institutions.

3. Materials and methods
3.1. Study area

Located on the southernmost corner of Texas, the
Lower Rio Grande Valley (LRGV) spans approximately
43,000 square miles, bordered by the Rio Grande River
and Mexico to the west and south and the Gulf of
Mexico to the east. It is comprised of four counties —
Cameron, Hidalgo, Starr, and Willacy (see Figure 1).

Flooding has long been a major issue in LRGV due to
its low-lying lands and proximity to the Gulf of Mexico.
Severe storms and flooding in 2018 and 2019 impacted
over 5,000 residences in the region and resulted in about
$59 million in individual assistance provided by FEMA
(2021b; Federal Emergency Management Agency,
2021a). Because of future climate variability, flooding
events like these are more likely and will continue to
present challenges. Moreover, continued urbanization
and development pose flooding issues. The region has
seen transformation from small, agricultural commu-
nities with acres of undeveloped land into suburban
communities comprising the fifth-largest metropolitan
area in Texas (Espey Consultants, Inc, 2011). While
urbanization and associated impervious cover have con-
tributed to the flooding problem, the prevalence of older
developments and unincorporated colonias further
complicate it with insufficient infrastructure for drai-
nage (Espey Consultants, Inc, 2011; Uribe, 2017).

At the same time, the LGRV has a history of seasons
of drought and has begun to face water shortages due to
urbanization and agriculture expansion (Norwine,
Giardino, & Krishnamurthy, 2005; Sanchez, 2022). The
four-county region obtains a majority of its water sup-
ply from the Falcon-Amistad Lake/Reservoir System;
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Figure 1. Study Area: Lower Rio Grande Valley, Texas, U.S.A.

currently, the Lake Falcon is only 9% full and Amistad is
a 33% full (Baddour, 2022; Texas Water Development
Board, n.d.a, n.d.c, n.d.d, n.d.e). Projections caution that
water services to three million residents in South Texas
will soon be severely constrained (Baddour, 2022).
Heavy rainfall to recharge water sources and transport-
ing water into the region are seen as the most viable
solutions to current water shortages (Baddour, 2022).

3.1.1. Flood Mitigation Planning in the Study Area

The Disaster Mitigation Act of 2000 requires that all
local jurisdictions have an approved Hazard Mitigation
Plan (HMP) in order to be eligible for any federal fund-
ing opportunities (Jackman & Beruvides, 2013). In the
state of Texas (as in all states in the U.S.), counties are
required to prepare and adopt an HMP with the purpose
of identifying, assessing, and reducing the long-term
risk to life and property from hazard events (FEMA,
2011). Once county HMPs are approved, they must be
updated every five years to maintain eligibility for var-
ious funding assistance. Updating an HMP entails
reviewing and revising the plan to reflect changes in
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development, progress in local mitigation efforts and
changes in priorities (FEMA, 2011).

In addition to County HMPs, the counties in the
study area participate in regional planning efforts. In
response to the impact of Hurricane Harvey and a
number of devastating flood events across the state
(Senate Research Center, 2019), the 86™ Texas
Legislature and Governor passed Senate Bill 8 on 10
June 2019 to create the first state flood plan. This legis-
lation sets up a planning framework to support the
development of updated flood risk products (e.g., flood-
plain maps and H&H models); enable regional partici-
pation and decision making in the planning process;
and encourage the development of interventions with
co-benefits, particularly with regard to water excee-
dance and supply (Lake, 2021). Administered by the
Texas Water Development Board (TWDB), the state
flood plan relies on regional watershed planning (Lake,
2021). Fifteen regions, corresponding to major river and
coastal basins as delineated by TWDB, have been desig-
nated across the state (Texas Living Waters Project, n.
d..). Planning in these regions is coordinated by



Regional Flood Planning Groups (RFPGs), comprised
of 12 voting members, representing each of the follow-
ing stakeholder groups: the public, agriculture, industry,
river authorities, counties, municipalities, water dis-
tricts, electric generating utilities, public water utilities,
environmental interests, and small businesses (Senate
Research Center, 2019).

In coordination with local stakeholders and technical
advisors, RFPGs are tasked with assessing current flood
mitigation strategies and policies as well as designating
future projects based on these evaluations (Lake, 2021).
According to Senate Bill 8:

A regional flood plan must: 1) use information based on
scientific data and updated mapping; and 2) include: a)
a general description of the condition and functionality
of flood control infrastructure in the flood planning
region; b) flood control projects under construction or
in the planning stage; ¢) information on land use
changes and population growth in the flood planning
region; d) an identification of the areas in the flood
planning region that are prone to flood and flood con-
trol solutions for those areas; and e) an indication of
whether a particular flood control solution meets an
emergency need, uses federal money as a funding com-
ponent, and may also serve as a water supply source.
(Senate Research Center, 2019)

Flood planning in the LRGV is coordinated by the
Region 15 RFPG. Region 15 covers over 43,000 square
miles across 14 counties, eight of which are only par-
tially included in the region (Lower Rio Grande Region
15 Regional Flood Planning Group , 2022). The entirety
of Cameron, Hidalgo, Starr and Willacy Counties fall in
the boundaries of Region 15.

To support regional flood mitigation, the 86™ Texas
Legislature also passed Senate Bill 7, designating $1.7
billion for flood control grants and loans (Anchondo,
2019). The bill created the Flood Infrastructure Fund
(FIF), to be administered by TWDB, with a one-time
appropriation of $793 million from the funds set aside
by the bill (Lake, 2021). FIF awards provide grants and
zero-percent interest loans to political jurisdictions for
watershed planning; federal award matching funds; and
structural (e.g., drainage systems, retention/detention
infrastructure, levee networks) and non-structural (e.
g., warning systems, public education) flood mitigation
projects (Texas Water Development Board, 2020,
September). To be eligible for funding, FIF projects
must use the best and most recently available data and
information; coordinate with local stakeholders
impacted by the project; and not duplicate other pro-
jects (Lake, 2021). Once the state flood plan is in place in
September 2024, only projects identified in the plan will
be eligible for FIF funding (Lake, 2021).
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The first round of FIF funding has committed (as of
31 May 2022) $405 million and supported 126 projects
(Texas Water Development Board, n.d.b). Priority was
given to projects immediately protecting life and prop-
erty and for watershed flood protection planning, to
rural jurisdictions and to jurisdictions with a flood-
related federal disaster declaration in last 5 years
(Texas Water Development Board, 2020, September).
FIF support totaling over $112 million has been com-
mitted to Cameron (totaling $45.9 million for 14 pro-
jects), Hidalgo (totaling $51.7 million for 6 projects),
and Willacy (totaling $14.6 million for 14 projects)
Counties, while Starr County has not been awarded
FIF support (Texas Water Development Board, n.d.
b). The FIF projects in the study counties are predo-
minantly a combination of flood control planning,
acquisition, design, construction, and rehabilitation.
Additionally, watershed and flood protection studies
are also being undertaken in Cameron and Willacy
Counties.

3.1.2. Planning Capacity of LRGV Counties

The LRGV region has a total population of 1.4 million
persons of which 94% are Hispanic (RGV Health
Connect, n.d.b). It is home to some of the largest - and
fastest growing - cities in the nation. It is projected that
the population of the Valley will nearly double by 2045
(to 2.4 million) due to significant employment growth
(Rio Grande Valley Metropolitan Planning Organization,
2020). The main industries of the region include agricul-
ture, manufacturing, oil and gas, transportation, and,
most recently, space exploration with a SpaceX launch
facility in Brownsville, Cameron County (RGV Connect,
2022; Mann, 2022, April 23).

Since the early 1900s with the construction of rail-
ways and paved roads to connect the isolated region and
irrigation canals to provide access to Rio Grande River
water (Foscue, 1934), agriculture has been the dominant
economic power in the LRGV. Employment is highly
concentrated in agriculture work as well as personal and
support services related to healthcare - all sectors with
wages on the low-end of the scale (TIP Strategies, Inc.,
2011). As a result of these employment trends and other
socioeconomic legacies and patterns, socioeconomic
vulnerability is high in the LRGV. Approximately 25%
of the families live below the Texas poverty line (RGV
Health Connect, n.d.b). The average household income
is $65,647, approximately $35,000 dollars below the
average household income in Texas (RGV Health
Connect, n.d.a).

Socioeconomic vulnerability is particularly acute in
the LGRV informal communities known as colonias
and, more recently, model subdivisions (Barton,



426 A.D. ROSS ET AL.

Perlmeter, Blum, et al., 2015; Durst & Ward, 2016).
These communities, which now exceed 1,000 in num-
ber, emerged 70 years ago to meet the demand of afford-
able housing for low-income migrant workers (Barton,
Perlmeter, Blum, et al., 2015). They have been devel-
oped on subdivided agriculture land with minimal or no
basic infrastructure. Although state legislation passed in
the late 1980s has required that subdivided land has
water and wastewater services, there is a widespread
lack of stormwater infrastructure to control flooding
(Durst & Ward, 2016). As a result, these low-lying
communities experience chronic flooding, and related
public health issues, ranging from mosquito-borne dis-
eases to the spread of toxic pesticides in floodwaters, are
prevalent (Cantu-Pawlik, 2018).

Table 1 reports the population characteristics for
each county in the study area, compared to the average
for all U.S. counties. In terms of population size,
Cameron (423,029) and Hidalgo (880,356) Counties
are significantly larger than the average U.S. county,
while Starr (66,049) and Willacy (20,316) Counties are
smaller. The study counties have populations that are
younger than the average U.S. county, with larger per-
centages under 18 years and smaller proportions 65
years and older. With the exception of Willacy
County, the study area has about the same gender pro-
file as the average U.S. county. However, the study area
population is predominantly Hispanic (88-96%), while
this ethnic group comprises only 12% of the average U.
S. county population. Median household income is
lower in the study area, while poverty rates are higher
— 24-25% in the study area compared 15% for the
average U.S. county. Additionally, educational attain-
ment in the study area lags behind national averages.
Hidalgo and Cameron Counties have the most educated
population with 19% and 18% holding a college degree;

Table 1. County Population Characteristics.

these fall slightly short of the 23% of the average U.S.
county population that have a college education.

As these demographic characteristics highlight, the
study area is not representative of the average U.S.
County. Relatively, the study area has low levels of
human (e.g., educational attainment), financial (e.g.,
income and poverty rate) and physical (e.g., stormwater
infrastructure) capitals, especially in the colonias. In
terms of planning capacity, the study area is also weak.

Land use planning is ‘the single most promising
approach for bringing about sustainable hazard mitiga-
tion’ (Burby, Deyle, Godschalk, et al., 2000, p. 99) and
offers valuable processes and tools for climate change
adaptation (P. R. Berke & Stevens, 2016). Land use
planning involves gathering and analyzing information
about the suitability of land development exposed to
natural hazards so that limitations of development in
hazard-prone areas are understood by citizens and the
private sector (Burby, Deyle, Godschalk, et al., 2000). In
the U.S., the land use planning decisions are made by
local governments (Pefia, 2002). In the state of Texas,
land use tools, namely zoning, are under the control of
municipal governments (Dahlstrom, 2013). Texas
municipalities, when compared to others across the
nation, have ‘unparalleled openness to growth and
development’ (Puentes, Martin, & Pendall, 2006).
County governments, therefore, have limited authority
to wield planning tools to affect flood risk under high
development and growth pressures. While the Texas
legislature considered bills to empower counties to reg-
ulate building standards in 1995 and 2001, these
attempts failed, leaving counties with limited planning
capacity (Larson, 2002). In the LRGV, county-level
planning capacity is further constrained by poor fund-
ing; limited authority and ability to provide adequate
public services, especially to the most vulnerable

U.S. COUNTIES CAMERON CO. HIDALGO CO. STARRCO. WILLACY CO.

AVERAGE

GEOGRAPHY

Area (square miles) 1,182
POPULATION

Total 102,398

Under 18 years 22.0%

65 years and older 19.3%

Female 50.0%

Hispanic 11.7%
INCOME & POVERTY

Median household income $54,172

Poverty rate 15.4%
EDUCATION

High school or higher 87.3%

Bachelor’s degree or higher 22.6%

423,029
29.3%
14.0%
50.8%
90.0%

$41,200
24.4%

68.6%
18.2%

892 1,571 1,223 591

880,356 66,049 20,316
31.6% 32.5% 23.4%
11.3% 11.3% 14.0%
50.7% 50.9% 44.1%
92.6% 96.3% 88.1%

$41,846 $30,931 $37,906
23.9% 25.2% 24.7%
66.9% 57.6% 70.1%
19.3% 10.9% 9.3%

Source: U.S. Census Bureau ACS 5 year estimates (2016-2020)



populations including colonias; and weak connections
across the public and private sectors (Atisa & Racelis,
2022; Ward, 1999).

Despite these capacity constraints, LRGV county
governments have benefited from recent and substantial
state FIF investments targeted at improving county and
regional-level flood risk analysis and flood control plan-
ning. Furthermore, the state’s orientation to flood plan-
ning aligns with many of the central tenets of adaptive
planning — more accurate risk information, participa-
tory planning, and creating co-benefits of flood mitiga-
tion (Lake, 2021). Therefore, we believe this study area
can serve as a testbed for resilience capacity building
through adaptive planning. If state legislative mandates,
investments, and guidance can provide the needed
funding and incentives to improve regional flood plan-
ning, and then this study can tell us how adaptive plan-
ning - even an unlikely case — may be nurtured. Because
capital deficiencies negatively affect how communities
can withstand, respond, and recover from natural
hazard emergencies and disasters (A. D. Ross, 2013; A.
Ross & Clay, 2018), capacity building toward adaptive
planning is critical to understand and nurture in other
similarly resource-constrained communities.

3.2. Data

To explore adaptive planning in the LRGV, we collected
two sets of texts that may be understood as outputs of
planning institutions and processes: Corpus 1 - county
and regional hazard and flood plans and Corpus 2 -
regional flood planning group meeting transcripts. As
content of formal hazard plans and planning discus-
sions, we contend that these data adequately provide
insights into the degree to which adaptive thinking is
present or not for flood planning in the LRGV. These
texts were collected in the language in which they were
conducted, which is English. No Spanish language texts
of the same type (i.e., plans) were available.

Hazard and flood plans were collected for the study
area from local government and regional planning
group websites. Specifically, we included in the analysis
Cameron County Hazard Mitigation Action Plan
Update of 2021, totalling 470 pages; Hidalgo County
Hazard Mitigation Action Plan Update 2021, totalling
1021 pages; and Starr County Multi-Jurisdictional
Hazard Mitigation Plan for 2019-2024, totalling 98
pages. A Hazard Mitigation Plan was not included for
Willacy County as it was not available online and
requests made to local officials were not responded to.
In addition to the county hazard plans, the 2023
Regional Flood Draft Plan for Region 15 Lower Rio
Grande Volume 1, totalling 223 pages, was included in
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the analysis. Volumes 2-4 of the regional plan were
excluded as these include appendices with information
beyond the scope of this analysis - maps, details on
ongoing mitigation projects, and facts sheets with cost
evaluations for proposed projects.

In addition to the planning documents, meeting
recordings from the Region 15 Flood Planning Group
were downloaded from the group’s website. Fifteen
meetings, beginning with the group’s first meeting on
5 November 2020 and ending with the meeting held on
21 July 2022, were professionally transcribed.
Approximately 24 hours of meeting discussion was
transcribed into text for analysis using maching learning
methods.

4, Methods

Natural Language Processing (NLP) is the branch of
computer science, which is mainly focused on the use
of artificial intelligence to provide machines with the
ability to understand text and linguistic data, virtually
the same way that humans do (Campesato, 2022). The
presence of a plethora of information has made the
process of manual topic extraction almost impossible,
leading to an increased demand in automating this
process (Campos, Mangaravite, Pasquali, et al., 2020).
Under the umbrella of NLP methodology, topic model-
ing is the process of extracting the main keywords from
vast bodies of linguistic data to identify major themes
(Silge & Robinson, 2017).

Within the scholarship on natural hazards and dis-
asters, the application of NLP and topic modeling has
been used to explore effective and reliable disaster com-
munication (Kaila & Rajesh, 2016), crisis communica-
tion requirements (Deng, Gao, Wang, et al., 2020),
compound disasters (Malakar & Lu, 2022), pandemic
response (Cuaton, Neo, & Neo, 2021), public opinion in
various stages of disasters (Xu, Lachlan, Ellis, et al,
2019), identification of disaster risks (Gorro, Baguia, &
Ali, 2021; Sakakibara, Mori, Chosokabe, et al., 2018),
and post-disaster recovery needs (Jamali, Nejat, Ghosh,
et al., 2019; Jamali, Nejat, Moradi, et al.,, 2020). Only
recently has NLP and topic modeling been used in
research to explore planning documents. Brinkley and
Stahmer (2021) pioneered the use of topic modeling in
plan analysis to identify common areas of emphasis
among Californian cities’ general plans, finding more
than 60 topics. In a similar study of 100 Resilient Cities
plans, Fu, Li, and Zhai (2022) confirm that NLP techni-
ques coincide with conventional content analysis and,
thus, can be reliably used to explore plans, including
those related to hazards and disasters. Further, the work
by Lesnikowski, Belfer, Rodman, et al. (2019) that
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applies topic modeling to the analysis of climate change
policy speeches and meeting notes demonstrates the
utility of NLP for data of that kind. Our study contri-
butes to this line of research by exploring the text of
hazard and flood plans (Corpus 1) as well as flood
planning meeting discussion (Corpus 2) from the speci-
fic lens of adaptive planning.

For this study, we use used unsupervised keyword
extraction for topic modeling purposes, which is less
resource intensive than supervised methods. Under
unsupervised keyword extraction methods, almost all
algorithms follow the same sequence of tasks, which
includes pre-processing, candidate generation, candi-
date scoring, post-processing and ranking (Campesato,
2022). We adopt Latent Dirichlet allocation (LDA) to fit
a topic model where each item of a text corpus is
modeled as a finite mixture over an underlying set of
topics through a three-level hierarchical Bayesian model
(Blei, Ng, & Jordan, 2003). Simply put, LDA finds the
topics of co-occurring words that maximize the prob-
ability of generating the original collection of docu-
ments. In modeling the topics most common in the
corpus, LDA provides an Intertopic Distance Map that

shows how similar the topics are in relation to one
another. The size of the mapped topic circles indicates
the marginal topic distribution or the proportion of
words that belong to each topic across the corpus. Per
NLP conventions, before running the LDA analysis we
cleaned the text by removing stop words, punctuations,
other unmeaningful words' and lemmatized to exclude
similar words (Silge & Robinson, 2017).

5. Results

The objective of our analysis is to identify the topics of
co-occurring words in two bodies of text that represent
the outputs of flood planning institutions in the LRGV:
Corpus I — county and regional hazard and flood plans
and Corpus 2 - regional flood planning group meeting
transcripts. The results of the LDA analysis for Corpus 1
are provided in Figure 2. The Intertopic Distance Map is
shown with five topics identified across two dimensions.
The most salient and relevant words for each topic are
listed in the table below the map. Salience refers to
words that are most useful or informative for identifying
a topic (Chuang, Manning, & Heer, 2012), while

Share:20.6%

Share:32.1%

1 pc1

Intertopic Distance Map
(via multidimensional scaling)

A

Share:14%

Share:14.9%

Marginal Topic
Distribution

‘ 4

v

/

Share:18.4%

\4
TOPIC TERMS WITH HIGH SALIENCY/RELEVANCY
1. RESILIENCE CAPACITY regulations, education, awareness, funding, infrastructure
2. DISASTER PREVENTION cost, benefit, reduction, losses, damage
3. RISKS risk, probability, occurrence, impact, drainage, drought
4 . EMERGENCY MANAGEMENT | emergency, community, response, programs, outreach
5. NEEDS community, mapping, demands, lack, services

Figure 2. LDA Results for Corpus 1 — Hazard & Flood Plans.



relevance indicates how much a word belongs to a topic
in comparison to all the other topics (Sievert & Shirley,
2014).

For Corpus 1, Topic 1, resilience capacity, spans a
range of words that represent various community capa-
cities to withstand, prevent, and manage a disaster event
- ‘regulations,” ‘education,” ‘awareness,” ‘funding’ and
‘infrastructure’ (A. D. Ross, 2013). Topic 2, disaster
prevention, includes words that indicate cost-benefit
evaluations of actions to prevent or reduce losses and
damages - ‘cost,” ‘benefit,” ‘reduction,” ‘losses’ and
‘damage.’ Topic 3, risks, encompasses mention of
words that relate to the occurrence and severity of
natural hazards - ‘risk,” ‘probability,” ‘occurrence’ and
‘impact’ — as well as words related to specific hazards in
the study area - ‘drainage’ (related to flooding) and
‘drought.” Topic 4, emergency management, covers
words germane to this area of hazard management -
‘emergency,” ‘community,” ‘response,’ ‘programs,” and
‘outreach.” Topic 5, needs, includes words that we inter-
pret as indicative of community needs for natural
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hazard risk reduction - ‘community,’ ‘mapping,’
‘demands,” ‘lack’ and ‘services.’

As shown by the size of the topic circles on the map
for Corpus 1, Topics 1 and 2 - resilience capacity and
disaster prevention - are the largest, meaning they
include the largest share of words of the entire corpus.
As shown by the placement of the topic circles on the
map in relation to one another, Topics 1, 2 and 4 -
resilience capacity, disaster prevention, and emergency
management — have the most in common. Topics 3
and 5 - risks and needs — are more isolated, indicating
that they share fewer common words in relation to the
other topics.

The results of the LDA analysis for Corpus 2 are
provided in Figure 3. Topic 1, risk interpretation, spans
a range of words that represent the process of decision
makers making sense of hazard risk in their planning
discussions - ‘risk,” ‘floodplain,” ‘conditions,” ‘studies,’
‘maps’ and ‘guidance.’ Topic 2, decision making,
includes a wide range of words that taken together
evoke the process of weighing costs and benefits for

Share:19.3%

Share:19.3%

Intertopic Distance Map
(via multidimensional scaling)

Share:23%

Share:18.5%

<----

Share: 19.9%/—\
- >

2

Marginal Topic
Distribution

TOPIC TERMS WITH

HIGH SALIENCY / RELEVANCY

1. RISK INTERPRETATION
2. DECISION MAKING

3. GOALS & STRATEGIES
4. PLANNING PROCESS
5. TECHNICAL KNOWLEDGE

risk, floodplain, conditions, studies, maps, guidance
recommendation, activities, mitigation, preparedness,
response, cost, benefit, fees, government, Jjurisdictions
goals, strategies, opportunities, financing, retrofitting
legislative, regulatory, administrative, feedback, changes
meetings, consultant, understand, fact, gaps

Figure 3. LDA Results for Corpus 2 — Flood Planning Meeting Transcripts.
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various public sector actions across the disaster cycle -
‘recommendation,” ‘activities,” ‘mitigation,” ‘prepared-
ness,” ‘response,” ‘cost,” ‘benefit,’ ‘fees,” ‘government’
and ‘jurisdictions.” Topic 3, goals and strategies, includes
words that demonstrate discussion about plan vision
and strategies to achieve it - ‘goals,” ‘strategies,” ‘oppor-
tunities,” ‘financing’ and ‘retrofitting.” Topic 4, planning
process, feature a set of words that we interpret as related
to the process established by recent state legislation that
leverages regional input and planning to develop a state-
wide flood plan - ‘legislative,” ‘regulatory,” ‘administra-
tive,” ‘feedback’ and ‘changes.” Topic 5, technical knowl-
edge, includes a set of words that refer to the
interpretation and evaluation of technical knowledge
provided by the consultant group to the regional flood
planning board - ‘meetings,’ ‘consultant,” ‘understand,’
‘fact’ and ‘gaps.’

The topics for Corpus 2 are fairly balanced in terms of
their share of words, spanning 19% (Topic 5 - technical
knowledge) to 23% (Topic 1 - risk interpretation). In
terms of commonality, Topics 1 and 2 - risk interpreta-
tion and decision making — are closely related, whereas
Topic 5 - technical knowledge — is the most isolated.
Overall, the topics in Corpus 2 are mostly independent
of one another.

6. Discussion

The results of the analysis demonstrate that the central
characteristics of adaptive planning - acceptance of
uncertainty, inclusive public participation, and creation
of co-benefits — are not the most dominant topics of the
data analyzed for Corpus I (county and regional hazard
and flood plans) and Corpus 2 (regional flood planning
group meeting transcripts). Rather than approach
hazards from a perspective of adaptation, there is a
focus on disaster prevention (Topic 2 of Corpus I),
emergency management (Topic 4 of Corpus 1), and
decision making around disaster mitigation, prepared-
ness, and response (Topic 2 of Corpus 2). In fact, the
word ‘adapt’ is largely absent from the County HMPs
and Region 15 Flood Plan. Only in the Cameron County
HMP section on mitigation actions does the word
‘adaptive’ appear in reference to a specific funded pro-
ject to update the county-wide hydrologic and hydraulic
(H&H) model. The Region 15 Flood Plan refers to
‘adapt’ once when defining community resilience as ‘a
measure of the ability of a community to prepare for
anticipated natural hazards, adapt to changing condi-
tions, and withstand and recover rapidly from disrup-
tions’ (Lower Rio Grande Region 15 Regional Flood
Planning Group, 2022, p. 2-36). Instead, the plans
appear to focus on their mission to protect against loss

of life and property from flood (and other) hazards.
While this goal is fundamental for hazard planning, it
does not evoke, or necessarily require, adaptation or
adaptive thinking.

6.1. Acceptance of uncertainty

The findings also show that rather than approach
natural hazard planning with an acceptance of uncer-
tainty, there is a focus on quantifying and interpreting
risk (Topic 3 of Corpus I and Topic 1 of Corpus2). Yet,
the risk considered by the plans and meeting tran-
scripts analyzed do not fully account for future con-
ditions. The county HMPs rely on historic data and
records to make inferences about the likelihood of
future events. The Region 15 Flood Plan adopts cur-
rent flood conditions to approximate future risk by
utilizing the existing 0.2% annual chance event (ACE)
or ‘500-year flood” area as a proxy for the future 1%
ACE or ‘100-year’ or ‘base’ flood area. Further, in
modeling flood hazards, the plan acknowledges that
it does not ‘consider projected changes in rainfall
patterns, future land use/population growth, or
planned new/improved infrastructure’ (Lower Rio
Grande Region 15 Regional Flood Planning Group ,
2022, p. 2-4).

A recent study by Stults and Larsen (2020), exam-
ining a sample of 60 local adaptation plans in the U.S,,
found that quantifying future climate conditions is
the most common way to address hazard uncertainty.
Forty-seven of the localities (78%) analysed used this
technique but significantly fewer detailed dynamic
strategies to address future risk; and 50% of the local
plans specified adaptive management measures, while
only 25% of the plans mentioned multiple time-
frames. Like the plans evaluated in this study, the
remaining plans were predominantly static in their
handling of risk. As described by Walker and collea-
gues, the fundamental downfall of a static approach is
that it is likely to fail:

Although policy analysts and strategic planners are
aware that they are facing deep uncertainty, most of
them still develop plans based on the assumption that
the future can be predicted. They develop a static “opti-
mal” plan using a single “most likely” future, often
based on the extrapolation of trends, or a static “robust”
plan that will produce acceptable outcomes in a small
number of hypothesized future worlds. However, if the
future turns out to be different from the hypothesized
future(s), the plan is likely to fail.

(Walker, Haasnoot, & Kwakkel, 2013, p. 957)



6.2. Diverse participation

There is minimal emphasis on public participation in
the results. The words ‘education,” ‘awareness’ and ‘out-
reach’ only occur as part of resilience capacity (Topic 1
of Corpus 1) and emergency management (Topic 4 of
Corpus 1), rather than emerging as a topic on their own.
Stakeholders involved in the development of the County
HMPs included county and city representatives as well
as irrigation and school districts, in some cases.
Additionally, multiple public engagement efforts were
part of the planning process including open public
meetings to discuss hazards, the planning process, and
solicit input on plans; survey instruments to capture
preferences for mitigation action and problem areas
identified by the public and making the draft plan avail-
able for public review on participating jurisdictions’
websites.

The Region 15 RFPG is led by a multi-sector board,
comprised of 14 voting members and 11 non-voting
members. While the sectors included on the board
were determined by the state and required of all
RFPGs, it is notable that agriculture interests are repre-
sented by multiple voting and non-voting members in
Region 15. Regarding public participation, the Region
15 RFPG has accepted written and public comments
prior to and after all public meetings, of which there
have been 14 since its inception in 2020 (Lower Rio
Grande Region 15 Regional Flood Planning Group,
2018). A survey was also distributed among community
representatives and residents to “determine the nature
of flood risk in regions, evaluate flood mitigation and
management practices, and identify projects that reduce
flood risk without negatively affecting neighboring
areas” (Lower Rio Grande Region 15 Regional Flood
Planning Group , 2022). At the end of the planning
period in 2022, public forums were planned in two
locations in Region 15 to present and solicit public
feedback on the draft flood plan.

While glimpses into the plans analyzed demonstrate
there are multiple methods of public participation in the
planning processes, it is not clear how inclusive these
spaces were or what efforts were made to ensure access
for all groups in the community. Research has found
that even national adaptation plans typically do not
include of a broad range of stakeholders in the planning
process (Woodruff & Regan, 2019) and that there is a
general lack of public interest in hazard adaptation
(Berke & Lyles, 2013). Yet, diverse stakeholder partici-
pation is an integral part of the adaptive planning pro-
cess because it serves as a mechanism of knowledge
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sharing required to fully address the social drivers of
risk and design flexible and adaptive interventions to
manage risk (Bosomworth & Gaillard, 2019). Such a
participation requires more than the creation of a
space for public input (Tschakert, Das, Pradhan, et al.,
2016). It also requires an acknowledgement that adapta-
tion decisions inherently exclude “some risks and
actors’ interests while prioritizing others” (Eakin,
Parajuli, Yogya, et al.,, 2021, p. 2); thus, structural
inequities (e.g., power imbalances) and procedural jus-
tice (e.g., ability to participate) must be attended to
ensure a pluralist process.

6.3. Development of Co-Benefits

While there is an indication of potential adaptive think-
ing present in the topic of goals and strategies (Topic 3
of Corpus 2), no evidence of consideration of co-benefits
is found. One of the most logical places for this to occur
is in the Region 15 Flood Plan. The state required that all
regional flood plans include an assessment to describe if
any strategy or project: ‘1) involves directly increasing
“water supply” volume available during drought of
record, which requires both availability increase and
directly connecting supply to specific water user group
(s) with an identified water supply need; 2) directly
benefits “water availability” by, for example, injecting
into aquifer but no one takes it as supply directly; 3)
indirectly benefits “water availability” (e.g., indirectly
recharges aquifers naturally) (Texas Water
Development Board, 2021). Region 15 determined that
there were no anticipated impacts from their flood plan
strategies or projects on water supply or availability. It
appears that opportunities were not fully explored for
multiple benefits of flood projects, which is unfortunate
in an area routinely stricken by the climate extremes of
flood and drought. However, this is rather endemic of
mitigation planning. Research has found multiple bar-
riers to integrating adaptation benefits across systems
including lack of awareness and coordination between
departments, resource constraints to pursue projects
with broad benefits, and differences in goals and per-
ceived outcomes among coordinating departments
(Boyd, Pathak, van Diemen, et al., 2022; Laukkonen,
Blanco, Lenhart, et al., 2009; Wang, 2013).

7. Conclusion

This study has explored the degree to which local hazard
mitigation plans in capacity-constrained communities
of the LRGV in Texas have integrated adaptive planning
attributes into recent flood plans. Because these plans
were mandated by the state, we are able to also assess
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how traditional planning institutions may support
adaptive planning. Thus, this study fills gaps in the
scholarship on adaptive planning that has neglected to
jointly evaluate the interdependent adaptive planning
attributes of acceptance of uncertainty, diverse partici-
pation, and development of co-benefits - and assess
how existing (and past) institutional legacies affect
plan outputs (Scott, Shrestha, & Lutz Ley, 2020). This
study also adds to the incipient body of research utiliz-
ing NLP to analyze hazard plans (Brinkley & Stahmer,
2021; Fu, Li, & Zhai, 2022).

The findings of our analyses indicate that key attri-
butes of adaptive planning are largely absent for flood
mitigation plans in the study area. This aligns with past
studies that have found that management of risk by
most local governments in the U.S. remains rooted in
stationary hazard assessments (Stults & Larsen, 2020),
fails to incentivize diverse participation (Berke & Lyles,
2013), and tends to neglect co-benefits possible with
mitigation and adaptation (Wang, 2013). The findings
also demonstrate that despite shifts in institutional
environment to be more adaptive, significant re-adap-
tation challenges remain (Scott, Shrestha, & Lutz Ley,
2020). Specifically, limited technical capacity (e.g., lack
of future flood risk data) and entrenched traditional
approaches to hazard planning (e.g., lack of diverse
public participation, disregard for adaptation co-ben-
efits) among decision makers seem to constrain how
much progress has been made toward adaptive plan-
ning in the study area. This is particularly troublesome
as ‘lock-in’ situations could emerge in this underre-
sourced region that restrict the pool of possible options
and make communities even more vulnerable to
unknown, future climate conditions (Bloemen,
Reeder, Zevenbergen, et al., 2018; Haasnoot, Aalst,
Rozenberg, et al.,, 2020; Hetz & Bruns, 2014). It also
suggests that recent state investments made to improve
planning capacity have fallen short.

Scholarship on adaptive planning implies that to
change this trajectory, transformative political action is
needed (Bloemen, Reeder, Zevenbergen, et al., 2018;
O’donnell, Thorne, Ahilan, et al., 2020). We believe
that such action must focus on enhancing the capacity
of flood planning organizations and shifting organiza-
tional cultures from traditional (static optimal) to more
adaptive (dynamic robust) thinking. Overcoming the
present challenges in the study area cannot be achieved
by institutional (legislative) change alone. Such a shift is
important not only in the study area but also in other
communities, ranging from rural counties across the
nation to disaster-stricken areas, facing resource con-
straints and high levels of population vulnerability.

Future research should continue to explore how
resource-constrained local governments pursue adap-
tive planning as climate change intensifies and hazard
profiles shift. Critically, it is important to further inves-
tigate how institutions on the state, regional and federal
level can enable local adaptation. While this study has
demonstrated the utility of NLP and topic modelling for
the examination of local adaptation plans, we acknowl-
edge that this methodology has limitations including
fluctuations in performance and human bias inherent
to content analysis (Fu, Li, & Zhai, 2022). Therefore, it is
important that future work explore the use of NLP in
other settings and cases as well as evaluate local adapta-
tion planning using other methodologies.

Note

1. See Appendix A for list of words removed from the
analysis.
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