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Abstract: Colonia communities, which host forgotten Americans, lack essential services such as
portable water, adequate wastewater and solid waste disposal, adequate drainage, and adequate
paved roads. The aim of this study is to investigate five key aspects of the colonias in the Rio
Grande Valley (RGV), which include the total count of colonias in the valley, their susceptibility to
public health hazards, flooding occurrences, the transformations that have occurred over the past
two decades, and community resilience. This research utilizes two datasets, namely the Colonia
Database from the Texas Secretary of State and the community resiliency estimates from the Census
Bureau. Geographical information systems (GIS) methods are employed to analyze the spatial and
temporal distribution of colonia communities. The principal results reveal that colonia communities
host 14% of the RGV’s total 1.37 million population. About half of the total colonia population
resides in Hidalgo County, followed by Starr, Cameron, and Willacy counties. About 87% of the total
colonia communities exist in census tracts characterized by low or very low community resiliency.
Furthermore, 26% of the total colonia communities experiencing flooding after rainfall are in tracts
with low or very low community resiliency. This study provides the major conclusion that while there
have been slight improvements in the colonias’ susceptibility to public health risks within the past
two decades, there still remains significant developmental work. Without tackling these challenges,
achieving meaningful progress in community resilience becomes a daunting task. Applying an
environmental justice lens to the issues faced by colonia communities helps shed light on the systemic
inequalities and injustices they experience.

Keywords: inequality; flooding; public health hazards; substandard housing; geographic information
system (GIS)

1. Introduction

“Colonias are substandard housing developments, often found along the Texas-Mexico
border, where residents lack basic services such as drinking water, sewage treatment, and
paved roads [1,2]”. The word “colonia” is originally from the Spanish language, meaning
“neighborhood” or “community” [3]. The 1950s marked the beginning of the origin of
colonias, which can be traced back to the State of Texas’s adoption of centralized power [4].
At that time, areas outside the city limits were designated as “regulation free zones”, which
provided the necessary conditions for colonia developers to convert agricultural lands that
were of limited economic value due to flooding, poor drainage, or hilly terrain, into platted
lots, which were then sold on contracts for deed where the title would be transferred only
upon completion of full payment [4].

During the 1960s, numerous colonias were established in Texas. In the following
decade, the colonias experienced rapid growth, largely attributed to the settlement of
both legal and illegal immigrants from Mexico and Central America [5]. As of 1980,
an estimated 185,000 people lived in colonias located in the four border states of Texas,
New Mexico, Arizona, and California [4]. Three decades later, in 2019, the population
residing in the 1854 colonia communities of Texas alone had skyrocketed to an estimated
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369,482 individuals, representing approximately 1.3% of the state’s total population [4,6].
This population estimate has been substantiated by multiple sources, including colonias
ombudsperson site visits [4]. According to a report by the Federal Reserve Bank of Dallas,
approximately 96% of the residents in the colony are of Hispanic descent and have a median
income of less than $30,000 ($51,000 being the state median); out of this population, 40%
live below the poverty line, while 20% live at or just above it; two-thirds of the residents are
US citizens, and 94% of the youth in the colony were born in the United States [7]. Research
studies, as well as documentary films, frequently label them as “forgotten Americans”,
who reside in impoverished communities in southern Texas and lead a significantly distinct
lifestyle when compared to the broader population of the United States. [2,8,9].

Colonias refer to unincorporated subdivisions located in the “rural, minimally reg-
ulated areas of counties, where building codes and regulations are either non-existent or
unenforceable” [10]. These communities are characterized by living conditions compa-
rable to those in Third World countries with a lack of basic infrastructure services such
as “wastewater collection and treatment, drainage, paved streets, or, in some cases, even
electricity” [10,11]. The “housing is substandard with poor plumbing, heating and cooling
systems”. The high incidence of viral diseases in colonias is largely attributed to the absence
of fundamental infrastructure, including clean drinking water and proper sewage systems.
Additionally, inadequate medical insurance coverage and a shortage of healthcare facilities
contribute to the problem [4,12,13].

The health outcomes of residents in the colonias have been negatively impacted by
poor living conditions and environmental factors. Chronic diseases, such as diabetes
and high blood pressure, are prevalent in these communities and are intricately tied to
housing conditions [7,14,15]. A lack of access to quality food, parks, and public spaces
for maintaining a healthy lifestyle, inadequate insulation and kitchens, and proximity to
crops exposed to harmful pesticides are contributing factors to these poor health outcomes.
Additionally, limited access to healthcare facilities and providers further exacerbates these
issues [7,16]. Studies have documented that residents in the colonias have limited access to
water, which creates feelings of insecurity regarding water and sanitation and has further
negative impacts on their physical and mental health [14]. Furthermore, the colonias
are affected by high rates of chronic diseases, such as diabetes and obesity [17]. Among
residents in the colonias of southern Texas, the frailty index was found to be high and is
attributed to factors such as socioeconomic status, poverty, social determinants of health,
and health disparities [17]. It is important to note that increased frailty has been positively
linked to higher mortality rates [17].

In addition to the poor living conditions, the residents in colonias face another
problem—flooding. The communities are predominantly situated in rural areas that lack
proper drainage infrastructure [18]. The broader RGV region is particularly susceptible to
flooding due to various factors: (1) insufficient topographic alleviation, as the terrain of
the delta region is flat, making dropping water extra hard; (2) blockages created by using
transportation and irrigation infrastructure, which form impediments to herbal water flows
due to the flat terrain; (3) insufficient drainage structures due to governance boundaries and
lack of nearby governance, which exacerbate flooding threat; and (4) low permeability of
the soils, particularly the dominant clay soil composition, which prevents water from being
quite simply absorbed into the ground and results in sluggish infiltration and runoff [19].
Specifically, colonia communities suffer from flooding due to the lack of adequate drainage
infrastructure. Existing irrigation and drainage ditches are often insufficient to divert water
away from residential areas. Moreover, the practice of using ditches as dumping grounds
for solid waste obstructs the natural flow of water. Heavy rains further worsen the situation,
exacerbating issues with inadequate sewage systems, including cesspools, pit privies, and
malfunctioning septic tanks [18,20].

Starting in 1989, Texas legislators introduced a series of legal reforms aimed at address-
ing the challenges faced by colonias [21]. These reforms led to the establishment of colonia
prevention laws, which varied in scope but shared a common objective of improving con-



Geographies 2023, 3

461

ditions for colonia residents, including the provision of water and sewer services. Over
the period spanning 1989 to 2005, authorities allocated USD 450 million to colonia projects
under the umbrella of these prevention laws. Of this total amount, USD 250 million was
earmarked for water-related projects, while USD 175 million was dedicated to road paving
initiatives [22]. In 2005, in order to monitor the advancement of state-funded initiatives
aimed at improving colonias, the Texas Secretary of State (SOS) was tasked with three key
responsibilities under Senate Bill 827 (SB 827), 79th Regular Legislative Session [23]. These
included developing a system to identify colonias, establishing a classification system to
gauge the public health risks associated with colonias, and generating a progress report
to present to the legislature regarding state-funded infrastructure projects designed to
benefit colonias [24].

Studies indicate that communities with low socioeconomic status are particularly
vulnerable to disasters [25-27]. This vulnerability is evident among the population residing
in colonias communities within the RGYV, as they face multiple challenges stemming from
their socioeconomic status, location in flood-prone areas, substandard housing conditions,
and frequent flooding. At the global level, the United Nations [28] defines resilience as the
capacity of a system, community, or society exposed to hazards to resist, absorb, accommo-
date, adapt to, transform, and recover from their effects in a timely and efficient manner.
This includes the preservation and restoration of essential structures and functions through
risk management. Similarly, at the national level, the Federal Emergency Management
Agency (FEMA) defines community resilience as the ability of a community to prepare
for anticipated natural hazards, adapt to changing conditions, and rapidly withstand and
recover from disruptions [29]. Locally, community resilience refers to the sustained ability
of a community to endure and recover from adversity [30]. In order to comprehend and
address the community resilience of colonias, it is essential to measure and assess their
specific circumstances. By evaluating the resilience of these communities, a better under-
standing can be gained of their strengths, weaknesses, and needs, ultimately aiding in the
development of effective strategies for enhancing their resilience.

The aim of this paper is to investigate various aspects of colonias in the RGV with a
focus on their vulnerability to public health hazards, transformations over the past two
decades, community resilience, and the impact of flooding. Through a comprehensive
analysis of official sources, available data, and scholarly research, this study seeks to
provide a deeper understanding of the total count of colonias, their susceptibility to public
health hazards, the proportion of colonias affected by flooding, significant transformations,
and community resilience. The findings of this research will contribute to a more informed
approach toward addressing the challenges faced by colonias in the RGV and inform
policymakers aimed at improving public health and living conditions in these marginalized
communities, where the forgotten Americans reside.

To achieve the aim of this study, the research will focus on answering the following
five overarching research questions:

1.  What is the total count of colonias in the RGV, as documented by official sources?

2. What is the degree of susceptibility of the colonias to public health hazards, as indi-
cated by available data?

3. What are the significant transformations that have taken place in terms of colonias’ vul-
nerability to public health hazards in the last two decades, as per scholarly research?

4. Whatis the extent of community resilience in the colonias, as measured by established indicators?

5. What is the proportion of colonias that are affected by flooding, based on available
empirical evidence?

Firstly, the primary objective of this research is to ascertain the count of colonias
situated in the RGV, relying on officially documented data. This information would provide
a fundamental comprehension of the size and scope of the colonias in the area, serving as a
valuable resource for further research and policy analysis. Secondly, the study endeavors to
investigate the susceptibility of the colonias in the RGV to public health hazards, based on
available data. Thirdly, the research aims to explore significant changes that have transpired
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in the vulnerability of the colonias in the RGV regarding public health hazards over the
last two decades, as evidenced in academic studies and prior agency reports. Fourthly, the
study seeks to gauge the level of community resilience in the colonias of the RGV, utilizing
established indicators. Community resiliency could be viewed as disaster readiness and
the ability to deal with everyday problems [31,32]. Fifth, the research aims to determine
the percentage of colonias in the RGV affected by flooding, drawing on available empirical
evidence. The study’s outcomes are expected to enrich the knowledge base on colonias and
the proneness to public health risks and community resilience.

2. Materials and Methods
2.1. Study Area

This study focuses on the RGV, which is a region located in Southern Texas, United
States, bordering Mexico to the south. The RGV consists of four counties, namely Willacy,
Cameron, Starr, and Hidalgo, covering an area of approximately 4800 square miles
(Figure 1). The region is characterized by a subtropical climate, fertile farmland, and
a diverse population of approximately 1.3 million people, with a significant percentage
of the population identifying as Hispanic/Latino. The RGV is vulnerable to a variety of
natural disasters, including flooding, hurricanes, and tornadoes, due to its location along
the Gulf Coast and proximity to the Rio Grande river. In particular, flooding is a major con-
cern for the region, as heavy rainfall and storm surges from hurricanes can cause the river
to overflow its banks and inundate low-lying areas. The Valley (as it is also known in the
area) is also prone to flash floods, which can occur rapidly and without warning, causing
significant damage to property and infrastructure. For example, the Valley experienced
a devastating flood event in June 2018 following several days of heavy rainfall. The 2018
flood event highlighted the ongoing vulnerability of the RGV to flooding and the need
for effective disaster preparedness and response strategies to mitigate the impact of these
hazards on the region.
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Figure 1. This map depicts the spatial arrangement of colonias in the RGV, with a higher concentration
of these communities observed in Hidalgo County. Data source: the Texas Secretary of State’s Texas
Colonia Community Database [33].
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2.2. Data

This study includes datasets from two sources: the Census Bureau and the Texas
Secretary of State office, and it utilizes the GIS methods to conduct spatial analysis. First,
the study received geodata from the Texas Secretary of State’s Texas Colonia Community
Database [33]. The spatial dataset consists of the geographical locations of colonia commu-
nities located in the State of Texas. In addition, the community resilience estimate dataset
was also obtained from the Census Bureau [34].

Community resilience is the capacity of individuals and households within a com-
munity to absorb, endure, and recover from the impacts of a disaster. The Community
Resilience Estimates (CREs) are experimental estimates produced using information on
individuals and households from the 2018 American Community Survey (ACS), the Census
Bureau’s Population Estimates Program (PEP), as well as publicly available health condi-
tion rates from the National Health Interview Survey (NHIS). The experimental CREs, in
their current form, are specific to the current COVID-19 pandemic. Local planners, policy
makers, public health officials, and community stakeholders can use the estimates as one
tool to help assess the potential resiliency of communities and plan mitigation strategies.
Although the CREs in their current form are specific to the current pandemic, the small
area modeling techniques used to develop it are flexible and can easily be modified for a
broad range of natural disasters (hurricanes, tornadoes, floods, etc.).

The Census Bureau [34] provides a similar definition of community resilience, which
encompasses the ability of individuals and households to endure, recover, and absorb the
impacts of disasters. This concept is reflected in the Community Resilience Estimates (CREs)
derived from various data sources, including the 2018 American Community Survey, the
Census Bureau’s Population Estimates Program, and the National Health Interview Survey.
While primarily designed to measure resilience in the context of the COVID-19 pandemic,
these data can be adapted to assess community resilience in the face of different natural
disasters. Therefore, the community resilience estimates generated by the Census Bureau
are applicable and suitable for evaluating the resilience of colonia communities against
public health risks and disaster risks.

2.3. Data Analysis

First, to search for answers to Research Question 1, the colonia communities present
in the four counties of the RGV were chosen from the Colonia Community Dataset and
exported as a shapefile. This shapefile representing the colonias was then overlaid over a
satellite base map to observe an aerial perspective of the selected colonia communities.

Second, to address Research Questions 2 and 3, the study utilized the COLOR_CLAS
variable known as the SB827 Color Classification, which assesses the susceptibility of
colonias to public health risks. This variable was measured using the Texas Colonia Health-
Risk Classification System, consisting of four categories: Green, Yellow, Red, and Unknown
(refer to Table 1) [23]. Green colonias indicate that residents have access to potable water,
paved roads, and functional wastewater disposal systems. On the other hand, Yellow
colonias lack sufficient road paving, drainage, or solid waste disposal systems, posing an
intermediate level of health risk. Red colonias lack all of the services. Colonias that cannot
be definitively classified as Green, Yellow, or Red are categorized as Unknown. This study
examined the spatial distribution of color-coded colonias within each of the four counties
in the RGV. Furthermore, a comparative analysis was conducted between the current 2023
portfolio of color-coded colonias and portfolios from previous years, specifically 2014, 2010,
and 2006.
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Table 1. Texas Colonia Health-Risk Classification System.
Green Yellow Red Unknown
Portable water Yes Yes No -
Adequate wastewater disposal Yes Yes No -
Legal plats Yes Yes No -
Adequate paved roads Yes No - -
Adequate drainage Yes No - -
Solid waste disposal Yes No - -

Source: Office of the Secretary of State, 2010, 2014 [7,18].

Third, in order to address Research Question 4, the study employed the community
resilience estimate dataset along with ten factors (refer to Table 2) identified by the Census
Bureau [34]. By utilizing thirteen proxy variables, a composite index of community re-
silience was created. T. L. Saaty [35,36] initially introduced the Analytic Hierarchy Process
(AHP), which is a decision-making methodology that systematically analyzes and evalu-
ates multiple criteria or factors to facilitate informed decision making. The AHP method
is widely utilized for assessing hazards and community resilience [35-38]. Numerous
studies have applied AHP in different contexts. For instance, researchers have developed
an AHP-based evaluation system to assess habitability performance [39], urban flood
management [40], corporate sustainability [41], and resilience measurement [42]. These
studies demonstrate the wide-ranging applicability of AHP as an aggregation methodology.
Despite its benefits, the AHP has limitations. It struggles to capture uncertainty, the sub-
jectivity of evaluation results due to heavy reliance on decision makers’ judgments, losses
of information when conflicting scores for certain criteria cancel each other out, and the
computational complexity of AHP with more criteria and alternatives [42].

The application of the AHP method in community resilience assessment involves a
few steps, including pair-wise comparisons, the creation of table matrices, the calculation
of weighting coefficients, and the assessment of consistency ratios. These steps have been
extensively discussed in published works. In this study, both the AHP method and the
geographical information system (GIS) were employed to generate a community resilience
assessment map for the study area. Ten factors that measure community resilience were
assigned equal weights of 10% each. In cases where a factor was measured by two variables,
the variables were equally assigned weights of 5% each. A matrix table outlining these
weight assignments is provided in Table 2.

The construction process commenced by normalizing each proxy variable through
the implementation of the min-max scaling method. Furthermore, three proxy variables,
namely educational attainment, employment, and Internet access, which exhibited a posi-
tive association with community resilience, were transformed into a negative relation by
subtracting each observed value from one. Ultimately, the community resilience composite
index was formed by summing all the proxy variables with equal weights as depicted in
Table 2. The composite index of community resilience was calculated for all census tracts
across the United States. Employing the standard deviation classification method, the
composite index was categorized into five groups: Very High (<—1.5 Std. Dev.), High (—0.5
and —1.5 Std. Dev.), Moderate (—0.5 and 0.5 Std. Dev.), Low (—0.5 and —1.5 Std. Dev.), and
Very Low (>1.5 Std. Dev.). These classifications were determined based on the standard
deviation values of the composite index.

Finally, to address Research Question 5, the study utilized two variables from the
Texas Colonia Community Database. These variables are RAINFALL_F (Does Flooding
Occur After Rainfall?) and IN_FLOODPL (Is the Community in a Floodplain?) [33]. An
analysis of color-coded colonias against their community resilience was conducted.
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Table 2. Community Resilience Estimate (CRE) variables and their association with community resilience and weights used to construct a composite index of

community resilience.

Factors Community Resilience Estimate Indicator Measurement Association with CRE Weights
0, indicating perfect equality (where everyone
Income L . . . receives an equal share), to 1, perfect inequality . o
la Inequality Gini Index of income inequality (where only one recipient or group of recipients Negative 5%
receives all the income)
L Percentage of the population whose income in the . o
1b Poverty Population living under the poverty level past 12 months is below the poverty level Negative 5%
Percentage of households with a female
2a Sex—Female Female population householder, no spouse/partner present, with own Negative 5%
children of household under 18 years
Percentage of households with a male householder,
2b Sex—Male Male population no spouse/ partner present, with own children of Negative 5%
household under 18 years
Housing . Percentage of occupied housing units with 1.51 . o
3 Occupancy Housing occupancy rate occupants or more per room Negative 10%
4a Educational Attainment Population with high school graduate Percentage of'populatlon 25 and over—high school Positive 5%
graduate or higher
Percentage of the population 16 to 64 years who
worked full time, year-round. Full-time year-round
4b Employment Working full time workers are defined as all people 16 years old and Positive 5%
over who usually worked 35 h or more per week
for 50 to 52 weeks in the past 12 months
Enelish Percentage of the population 5 years and over that
5 & 18 Speaks English less than very well speaks a language other than English and speaks Negative 10%
Proficiency Eneli " ”
nglish less than “very well
6 Disabilit People with a disabilit Percentage of civilian noninstitutionalized Negative 10%
y P y population with a disability & ?
7 Age 65 years or older Percentage of the population 65 years and over Negative 10%
Health . - : Percentage of civilian noninstitutionalized . o
8 Insurance Population with no health insurance population with no health insurance coverage Negative 10%
9 Vehicle Population with no vehicles available Perc'entage O.f occupied housing units with no Negative 10%
Access vehicles available
10 glgceé?; t Population with no Internet access Percentage of households with a broadband Positive 10%

Internet subscription




Geographies 2023, 3

466

3. Results

The research questions are addressed in five distinct sections, each offering insights
and answers in accordance with the study’s findings.

3.1. Total Number of Colonias in the Rio Grande Valley

In the RGYV, there are 1266 communities known as colonias. These colonias are dis-
tributed as follows: 172 in Cameron County, 846 in Hidalgo County, 232 in Starr County,
and 16 in Willacy County (refer to Table 3, Figure 1). Notably, the majority of colonias
are found in Hidalgo County, accounting for 66% of the total. The colonia communities
collectively accommodate a population of 188,455 individuals, which represents 13.77% of
the overall population of the RGV, estimated at 1,367,914 people. The population distribu-
tion in the respective counties is as follows: Cameron County has a population of 47,278,
Hidalgo County has 106,915 residents, and Starr County has 34,262 inhabitants. However,
the exact population figure for Willacy County is currently unavailable.

By utilizing satellite maps, the study closely examined randomly selected colonia
communities in the RGV (Figure 2). The observation revealed that the houses are situated
in patterns that were deliberately planned within a subdivision.

Aerial views of selected colonia communities in the Rio Grande Valley

E. Tierra Dorada Community, Hidalgo County F. Tierra Linda Community, Starr County

Figure 2. This figure shows aerial views of selected colonia communities in the Rio Grande Valley.
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3.2. The Degree of Susceptibility of the Colonias to Public Health Hazards

The level of susceptibility of the colonias to public health hazards is indicated by
a color-code system. In Hidalgo County, approximately 31% (263) of the colonias are
classified as Green, 27% (226) as Yellow, 13% (112) as Red, and 29% (244) have an Unknown
classification (Table 3). In Cameron County, 53% (91) of the colonias are Green, 24% (41) are
Yellow, 23% (40) are Red, and none of them are classified as Unknown. Starr County has
41% (94) Green colonias, 14% (32) Yellow colonias, 45% (105) Red colonias, and one colonia
community with an Unknown classification (Figure 3). As for Willacy County, there are
16 colonias, all of which are not color-coded, and their susceptibility level to public health
hazards remains unknown.
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Figure 3. This bar chart shows the distribution of color-coded colonias in Hidalgo, Cameron, and
Starr County. Note: Color coding for the colonias in Willacy County was not available.

3.3. Transformations of Colonias” Vulnerability to Public Health Hazards

Senate Bill 99 passed during the 80th Regular Session (SB 99) and was enacted into law
on 15 June 2007, authored by Senator Judith Zaffirini. This legislation aimed to build upon
the efforts initiated by Senate Bill 827, enacted during the 79th Regular Session (SB 827).
Similar to SB 827, SB 99 assigned the SOS three primary responsibilities: (1) the development
and maintenance of a colonias identification system, (2) the establishment and upkeep of a
state-wide system for categorizing colonias with the most severe public health risks, and
(3) the creation of a progress report for the legislature regarding state-funded infrastructure
projects. The SOS prepared the SB 827 report, which was subsequently submitted on
1 December 2006. In 2006, Hidalgo County had a total of 270 colonia communities classified
as Green (Table 3, Figure 4). By 2010, the number of these communities had risen to 470,
representing a substantial increase of 74%. In 2014, the count of Green colonias almost
remained constant, with a marginal change to 471, indicating a negligible 0% shift. However,
in 2018, there was a significant decrease as the number dropped to 263, signifying a 44%
decline compared to the previous count. Overall, between 2006 and 2023, there was a total
decline of 2.6% in Green colonias in the county.
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Table 3. The spatial distribution of colonias, their color-coded status based on their geographic location in floodplains, their flooding experience following rainfall
events, and their corresponding color-coded status. Additionally, this table includes information about the community resiliency levels associated with these

colonias.
County Cameron Hidalgo Starr Willacy RGV
I. Community Resilience Index M L VL Total H M L VL Total M L VL Total L VL Total Total
1. The overall count of colonias 1 81 90 172 9 131 399 307 846 30 78 124 232 6 10 16 1266
The percentage of total colonias within the county 0.6% 47.1% 52.3% 100% 1% 15% 47% 36% 100% 13% 34% 53% 100% 38% 63% 100%
2. The total count of census tracts within the county 7 33 46 86 4 24 49 36 113 2 5 8 15 3 2 5 219
3. Total population in all census tracts in the RGV 36,304 192,024 193,449 421,777 41,040 188,238 38,1046 253,700 864,024 4995 19,361 39,657 64,013 10,564 7536 18,100 1,367,914
4. The total tracts within the county that contain colonias 1 15 17 33 3 17 47 27 94 2 5 8 15 3 2 5 147
5. Total population residing in census tracts including colonias 5503 108,201 97,319 211,023 30,840 153,331 360,621 220,049 764,841 4995 19,361 39,657 64,013 10,564 7536 18,100 1,057,977
6. The estimated total population residing in colonias 121 24,144 23,013 47,278 329 10,187 57,876 38,523 106,915 3380 10,997 19,885 34,262 . . . 188,455
The percentage of total population residing in colonias 2% 22% 24% 22% 1% 7% 16% 18% 14% 68% 57% 50% 54% . . . 14%
7. Total estimated lots in the colonias 59 6566 9957 16,582 644 4749 18,894 16,152 40,439 1111 4272 8181 13,564 473 813 1286 71,871
The percentage of the total lots within the county in colonias 0% 40% 60% 100% 2% 12% 47% 40% 100% 8% 31% 60% 100% 1% 1% 2% 100%
8. Total number of colonias incorporated 1 10 20 31 2 84 105 106 297 0 17 39 56 0 0 0 384
The percentage of the total colonias that are incorporated 3% 32% 65% 100% 6% 271% 339% 342% 958% 0% 55% 126% 181% 0% 0% 0% 30%
II. SB827 Color Classification
1. Green 0 42 49 91 4 36 107 116 263 12 21 61 94 0 0 0 448
Percentage of the county total 0% 46% 54% 100% 2% 14% 41% 44% 100% 13% 22% 65% 100% 0% 0% 0% 100%
2. Yellow 0 19 22 41 1 30 123 72 226 1 7 24 32 0 0 0 299
Percentage of the county total 0% 46% 54% 100% 0% 13% 54% 32% 100% 3% 22% 75% 100% 0% 0% 0% 100%
3. Red 1 20 19 40 0 12 71 29 112 17 50 38 105 0 0 0 257
Percentage of the county total 3% 50% 48% 100% 0% 11% 63% 26% 100% 16% 48% 36% 100% 0% 0% 0% 100%
4. Unknown 0 0 0 0 4 53 97 90 244 0 0 1 1 6 10 16 261
Percentage of the county total 0% 0% 0% 0% 2% 22% 40% 37% 100% 0% 0% 100% 100% 2% 4% 6% 100%
II1. In flood plain
1. Yes 0 13 20 33 1 17 119 64 201 0 5 10 15 0 0 0 249
Percentage of the county total 0% 39% 61% 100% 0% 8% 59% 32% 100% 0% 33% 67% 100% 0% 0% 0% 100%
2. No 1 67 70 138 4 59 174 150 387 30 73 113 216 0 0 0 741
Percentage of the county total 1% 49% 51% 100% 1% 15% 45% 39% 100% 14% 34% 52% 100% 0% 0% 0% 100%
3. Partial 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Percentage of the county total 0% 100% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%
4. Unknown 0 0 0 0 0 2 8 3 13 0 0 0 0 0 0 0 13
Percentage of the county total 0% 0% 0% 0% 0% 15% 62% 23% 100% 0% 0% 0% 0% 0% 0% 0% 100%
IV. Flood after rainfall
1. Yes 1 23 30 54 1 36 155 70 262 0 4 10 14 0 0 0 330
Percentage of the county total 2% 43% 56% 100% 0% 14% 59% 27% 100% 0% 29% 71% 100% 0% 0% 0% 100%
2. No 0 57 59 116 4 40 141 142 327 30 74 111 215 0 0 0 658
Percentage of the county total 0% 49% 51% 100% 1% 12% 43% 43% 100% 14% 34% 52% 100% 0% 0% 0% 100%
3. Partial 0 1 1 2 0 0 0 1 1 0 0 2 2 0 0 0 5
Percentage of the county total 0% 50% 50% 100% 0% 0% 0% 100% 100% 0% 0% 100% 100% 0% 0% 0% 100%
4. Unknown 0 0 0 0 0 11 0 0 0 0 0 0 0 11

2 5 4
Percentage of the county total 0% 0% 0% 0% 0% 18% 45% 36% 100% 0% 0% 0% 0% 0% 0% 0% 100%
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Figure 4. Color-coded colonias in four study periods, 2006, 2010, 2014, and 2023.

In the same county, there were 263 colonia communities categorized as Yellow in 2006.
By 2010, the count rose to 349, indicating a 33% increase. In 2014, the number slightly grew
to 353, representing a marginal 1% change. However, in 2023, there was a decrease as the
count dropped to 226, reflecting a decline of 36% compared to the previous count. In total,
there was a decline of 14.07% in Yellow colonias between 2006 and 2023 (Table 3, Figure 4).
Similarly, there were 138 communities classified as Red in 2006. This number declined
to 100 in 2010, representing a 28% decline. In 2014, the count remained at 99, indicating
another 1% decline. However, in 2023, there was a 13% increase as the count rose to 112.
In total, between 2006 and 2023, there was a decline of 19% in Red colonias in the county
(Table 3, Figure 4).

In Cameron County, the number of Green colonias was observed to be 88 in 2006. This
count slightly decreased to 87 in 2010, reflecting a 1% decrease. However, in 2014, there was
an increase as the count rose to 95, indicating a 9% increase. By 2023, the number dropped
to 91, resulting in a 4% decrease compared to the previous count. Overall, between 2006
and 2023, there was a total increase of 3.4% in Green colonias (Table 3, Figure 4). Similarly,
the count of Yellow colonias in Cameron County was 40 in 2006. By 2010, it increased to 42,
representing a 5% increase. In 2014, the count grew further to 44, indicating another 5%
increase. However, in 2023, there was a decrease as the count dropped to 41, reflecting a
7% decrease compared to the previous count. In total, between 2006 and 2023, there was a
2.5% increase in Yellow colonias (Table 3, Figure 4). Regarding Red colonias, there were 48
observed in Cameron County in 2006. By 2010, the count decreased to 47, reflecting a 2%
decrease. However, in 2014, there was an increase as the count rose to 55, indicating a 17%
increase. By 2023, the number dropped to 40, resulting in a 27% decrease compared to the
previous count. Overall, between 2006 and 2023, there was a total decrease of 17% in Red
colonias (Table 3, Figure 4).

In Starr County, the count of Green colonias was 94 in 2006. By 2010, it increased to 106,
representing a 13% increase. In 2014, the count further grew to 111, indicating a 5% increase.
However, by 2023, the number dropped to 94, resulting in a 15% decrease compared to the
previous count. From 2006 to 2023, the overall count has remained the same throughout
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this period. (Table 3, Figure 4). Regarding Yellow colonias, there were 37 observed in Starr
County in 2006. By 2010, the count decreased to 36, reflecting a 3% decrease. In 2014, the
count further declined to 35, indicating another 3% decrease. By 2023, the number dropped
to 32, resulting in a 9% decrease compared to the previous count. In total, between 2006 and
2023, there was a 13.51% decrease in Yellow colonias (Table 3, Figure 4). Concerning Red
colonias, there were 102 observed in Starr County in 2006. By 2010, the count decreased
to 92, reflecting a 10% decrease. In 2014, the count further declined to 88, indicating a 4%
decrease. By 2023, the number increased to 105, resulting in a 19% increase compared to
the previous count. In total, between 2006 and 2023, there was a 2.94% increase in Red
colonias (Table 3, Figure 4). Among the three counties, Hidalgo County has the highest
number of Unknown colonias, with a count of 244 in 2023. In contrast, Cameron County
does not have any Unknown colonias, and Starr County only has one community classified
as Unknown in the same year.

3.4. The Extent of Community Resilience in the Colonias

The community resilience index is categorized into five levels: Very High, High,
Moderate, Low, and Very Low. Out of the 219 census tracts in the RGV, 4 tracts (2%) fall into
the High category, 33 tracts (15%) fall into the Moderate category, 90 tracts (41%) fall into
the Low category, and 92 tracts (42%) fall into the Very Low category (Table 3, Figure 5).

99°0'0"W
1

98°0'0"W 97°0'0"W
1 1

27°0'0"N=4

26°00"N=

[=27°00"N

N

A

Starr

N

Harlingen ¢ ~ -

7; o 2 - ~
- I R l ol |
¢ Brownsville

3

‘,

[=26°0'0"N

99“0"0"W
Community Resilience Index
Very Low
Low
Moderate
High

T T
98°0'0"W 97°00"W

Colonias
Bl Uk Coordinate System: NAD 1983 2011 UTM Zone 14N
nknown Projection: Transverse Mercator
B Green Datum: NAD 1983 2011 0 12,5 25 50 Miles
I Red } + + + } + + + |
Yellow

Figure 5. Color-coded colonias (Green, Yellow, Red, and Unknown) and their host census tracts with
varying levels of community resilience (High, Moderate, Low, and Very Low) in the Rio Grande
Valley. (Note: There is no tract in the Very High category in the RGV).
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In terms of the presence of colonias groups inside the recognized tracts, three tracts
(representing 75% of the four tracts) classified as High. Furthermore, 20 tracts (accounting
for 61% of the entire 33 tracts) classified as Moderate comprise colonia communities. In the
Low class, colonia groups are present in seventy tracts, which corresponds to 78% of the
overall ninety tracts. Lastly, the Very Low category includes 54 tracts, representing 59% of
all 92 tracts in which colonia communities are found (Table 3, Figure 5).

During the analysis of public health risk susceptibility in relation to community resilience,
it was observed that several colonia communities coded as Red were situated in different
census tracts based on their community resilience levels. Among the Red-coded colonias,
30 of them were in tracts categorized as having Moderate community resilience, 141 were
in tracts classified as Low, and 86 were in tracts marked as Very Low. Similarly, one colonia
community with a Yellow code was found in a tract categorized as High community resilience,
while thirty-one were situated in Moderate resilience tracts, 149 in Low, and 118 in Very Low.
A similar trend was noticed for colonia communities coded as Green, with nine located in
High community resilience tracts, 162 in Moderate, 564 in Low, and 531 in Very Low levels of
community resilience (Table 3, Figure 6). The Red-coded colonias were predominantly located
in tracts with Low and Very Low levels of community resilience (Figure 6).

250

200

150

100

50

226
170
149
141
118
103 101
86
48 53
31 30
4 I
Low

Moderate Very Low

B Green Yellow M Red Unknown

Figure 6. Color-coded colonias in the different levels of community resiliency.

3.5. Colonias Affected by Flooding

Table 3 provides an overview of the spatial distribution of colonies, categorized by
their location in floodplains and their history of flooding following rainfall events. These
colonies are color-coded accordingly. The table also includes the corresponding community
resilience levels, which are measured within the census tracts and categorized as Moderate,
Low, and Very Low.

In the RGYV, there are a total of 1266 colonias. Among them, 172 (14%) are in Cameron
County, 846 (67%) are in Hidalgo County, 232 (18%) are in Starr County, and 16 (1%) are in
Willacy County (Table 3). The estimated population residing in the RGV is 188,455, which
accounts for approximately 14% of the total population of 1.37 million. The population
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distribution within the RGV is as follows: 16,582 in Cameron County, 40,439 in Hidalgo
County, and 34,262 in Starr County; data for Willacy County were not available at the time
of this study (Table 3). Out of the total 1226 colonias, only 30% (384) are incorporated.

Most of these communities, except for 17 colonia communities in Hidalgo County,
demonstrated Low to Very Low levels of community resilience. Specifically, within
Cameron County, among the 41 colonias categorized as Yellow color-coded communi-
ties, 46% (19) were in census tracts with a Low level of community resilience, while the
remaining 54% (22) were situated in tracts marked with a Very Low level of community
resilience (Table 3).

Similarly, within the Red color-coded communities, it was observed that 50% of
the colonias were found in census tracts classified as having a Low level of community
resilience, while 48% were in tracts categorized as Very Low in terms of community
resilience. Comparable patterns were observed in Hidalgo County, where 63% of the
Red-color-coded colonias were situated within areas characterized as having a Low level
of community resilience, while 26% were in tracts classified as Very Low in terms of
community resilience (Table 3).

Among the 1266 colonia communities in the RGV, a total of 249 (20%) were in flood-
prone areas, as indicated by their placement within the floodplain. In Hidalgo County,
out of the total 846 colonias, 201 (24%) were situated in floodplains. Similarly, in Cameron
County, 33 (19%) out of 172 colonias were in flood-prone areas. In Starr County, 15 (6%) out
of 232 colonias faced similar conditions, being situated in flood-prone regions (Table 3).

Additionally, out of the total 1266 colonias in the RGV, 330 (26%) had experienced flood-
ing because of rainfall events (Table 3). In Hidalgo County, 262 (31%) out of
846 colonias had encountered flooding incidents, while in Cameron County, 54 (31%)
out of 172 colonias had also experienced such events. In Starr County, 14 (6%) out of 232
colonias had observed instances of flooding (Figure 7).
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Figure 7. Color-coded colonias with flooding after rain in the Rio Grande Valley.

4. Discussion

Firstly, the RGV hosts a total of 1266 colonia communities. The colonia communities
in the RGV are inhabited by an estimated population of 188,455 residents, representing
around half of the total colonia residents in the state of Texas. These individuals account
for approximately 14% of the overall population in the valley, which totals 1.37 million



Geographies 2023, 3

473

people. Unfortunately, many of these residents, referred to as “forgotten Americans”, live
in impoverished communities and face significant challenges. Despite being tax-paying
American citizens, they often receive limited benefits or support from the government [22].
It is crucial to prioritize the improvement of their living conditions, as they are an integral
part of the RGV community. In the pursuit of building community resiliency, it is essential
to ensure that no one is left behind.

Secondly, out of the 1266 colonia communities, approximately 35% are classified
as Green, 24% as Yellow, 20% as Red, and 21% as Unknown. These figures highlight
that a significant portion of the colonias, constituting two-thirds of the total, continue to
experience substandard living conditions, which poses significant public health risks to
their residents. Moreover, when examining the distribution of these categories, it is evident
that 88% of the total Green, 89% of the total Yellow, 88% of the total Red, and 78% of the total
Unknown colonias are situated in tracts classified as either Low or Very Low community
resiliency. Consequently, county officials cannot disregard the challenges faced by colonias
while endeavoring to enhance community resiliency in the Valley.

Thirdly, from 2006 to 2023, the number of colonias categorized as Red has decreased
by 19% in Hidalgo County and 17% in Cameron County. However, in Starr County, their
counterpart communities have seen a 3% increase. Over the past 34 years, Texas legislators
have made efforts to address these challenges through legal reforms [21]. The Texas
Water Development Board (TWDB) has also invested substantial funding in infrastructure
improvement projects, including over $531 million from FY2007 to FY2010 [24], $320 million
from FY2011 to FY2014 [18], and $830 million in the Economically Distressed Areas Program
(EDAP) [43]. However, the current evaluation highlights the need for further improvement
and increased oversight and monitoring to expedite the development programs.

Fourthly, a significant observation revealed that 83% of all tracts are classified as having
low or very low community resiliency. Out of the total 90 tracts categorized as having
low community resiliency, 78% (70 tracts) are home to colonia communities. Similarly, out
of the total 92 tracts classified as having very low community resiliency, 59% (54 tracts)
host colonia communities. These data strongly suggest that neglecting the development
of community resiliency in the colonia communities would hinder the overall objective
of establishing community resiliency in the RGV. To strengthen community resiliency,
several key tasks must be undertaken, including the development of economic resources,
the reduction of risks and inequalities, and the addressing of social vulnerabilities within
the community [31]. Enhancing community engagement and social infrastructure at the
community level could lead to increased resilience to catastrophe [44].

Finally, in terms of the floodplain, approximately 24% of the colonia communities in
Hidalgo County, 19% in Cameron County, and 6% in Starr County are located within it.
Notably, one third of all colonia communities in Hidalgo and Cameron County encounter
flooding incidents following rainfall. These communities are predominantly situated in
census tracts characterized by low community resiliency. These findings emphasize the
importance of addressing flooding issues in colonia communities as a vital step towards
establishing disaster resilience in the Valley. An effective example of enhancing community
resiliency is through the engagement of promotoras, who are community healthcare work-
ers. They play a vital role in informing colonia families about health-related issues and
connecting them to necessary resources, leading to the strengthening of healthcare access
and the promotion of well-being within the colonias [7,45].

5. Conclusions

The study offers an overview of the colonias and their spatial distribution across the
four counties that comprise the RGV. These colonia residents make up approximately 14%
of the total population of 1.37 million and are distributed among 1226 colonia communities.

Among these communities, approximately 45% (Yellow and Red color-coded) lack
access to essential infrastructure such as paved roads, adequate drainage, and solid waste
disposal. Additionally, 21% (Red coded) face challenges in accessing basic necessities like
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potable water, adequate wastewater disposal, and legal plats. Furthermore, approximately
21% of the communities have unknown living conditions. Around 20% of the colonia
communities are situated in flood-prone areas, and 26% of them have experienced flooding
after rainfall events. Remarkably, 87% of the total colonias were observed in census tracts
categorized as having either a Low or Very Low level of community resilience. Among the
population residing in colonia communities, 93% (equivalent to 174,438 individuals) live
in census tracts measured with a Low or Very Low community resilience, while only 1%
reside in tracts with a High level of community resilience.

These individuals, estimated to be 188,455 in total, are often referred to as forgotten
Americans. They are tax-paying citizens who receive limited government benefits, and a
significant portion of them are veterans [22]. Due to their socioeconomic characteristics and
living conditions, they are vulnerable to natural disasters common in the region as well as
to communicable diseases such as cholera, diarrhea, dysentery, hepatitis A, and typhoid.
Addressing the long-standing fundamental issues faced by the colonia communities is
crucial for building community resilience in the RGV. Without tackling these challenges,
achieving meaningful progress in community resilience becomes a daunting task. In this
context, adopting an environmental justice perspective is essential. Environmental justice
emphasizes the fair and equitable distribution of environmental benefits and burdens, with
a particular focus on marginalized and disadvantaged communities.

This study contributes significantly to the current understanding of colonia commu-
nities in the RGV by highlighting four key aspects. Firstly, the study provides valuable
geospatial data and statistics that are essential for building community resilience in the
region. The geographical analyses conducted in this study offer important inputs and
foundational knowledge for resilience-building efforts in the RGV. Secondly, the study
presents a comprehensive portrayal of the colonias and their spatial distribution, offer-
ing valuable insights for stakeholders dedicated to improving the residents’ quality of
life. By presenting statistical and geographical data, the study contributes significantly
to the field of geography and sheds light on understudied regions known as colonias.
Thirdly, the findings of the study evaluate the development efforts undertaken over the
past decades by monitoring color-coded categories that indicate the susceptibility to public
health risks. These geospatial data and statistics provide vital information for authorities
and public health officials engaged in combating communicable diseases. Fourthly, this
study addresses the flooding challenges faced by colonias and examines the resilience of
their communities in dealing with such issues. Flooding is a major concern, particularly
in the RGV, and the study’s insights contribute to a better understanding of the resilience
levels and strategies implemented by colonia communities.

Overall, this study significantly enhances our knowledge of colonia communities in
the RGV, provides geospatial data and insights into their spatial distribution, evaluates
development efforts, and examines their resilience in the face of flooding challenges.
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