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Abstract

More frequent and disruptive non-disaster declared pluvial flood-
ing1 events have brought to the forefront a heightened awareness of 
climate change and the ever-widening gap between infrastructural 
needs, community capacity, and the availability of resources. En-
vironmental Justice (EJ) as well as hazards and resilience literature 
has identified capacity limitations of underserved and communi-
ties of color to cope, adapt and recover from pluvial flooding events 
attributed to climate change. EJ advocates have long recognized the 
disproportional impact of climate change on the underserved and 
communities of color and have emphasized the principles of un-
equal exposure, the importance of community voice, and capacity 
building as tools for increasing the resilience of this population. 

To improve the technocratic system that identifies prioritizes and 
determines the distribution of urban drainage infrastructure fun-
damental changes are needed. Provisions that reflect society’s so-
cial justice views and climate change awareness should promote 
1) ownership of climate adaptation and infrastructural needs that 
benefit all populations; 2) increased resilience and the empower-
ment of communities to petition for climate adaptation and infra-
structural needs; 3) increase the coping, adaptation and recovery 
capacity of underserved and communities of color; 4) provide 
more transparency to the allocation of stormwater provisions. Us-
ing the principles of EJ and adaptive resilience as underpinnings, 
this article articulates a conceptual framework for a new multi-di-
mensional component-level resilience rating and indexing system. 
Called the Urban Drainage Resilience Index System (UDRIS), this 
conceptual framework outlines a methodology meeting two objec-
tives. The first objective is to quantify the level of resilience con-

1 Pluvial flooding refers to surface water accumulation resulting from intense rainfall saturating ur-
ban drainage systems, where excess water cannot be absorbed. 
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tained within urban drainage infrastructure and the population 
impacted by subsequent pluvial flooding. The second objective is 
to formulate a risk communication tool that empowers and serves 
as a mechanism for the underserved and communities of color. 
This tool allows stakeholders to engage in the identification and 
prioritization of urban drainage infrastructural needs that may an-
ticipate, prepare, and reduce the harms of pluvial flooding events. 

In addition to the UDRIS primer, this article provides insight into 
the application and integration of UDRIS into the existing deci-
sion-making and planning frameworks such as stormwater capi-
tal improvements planning, comprehensive planning, and Hazard 
Mitigation planning. The integration of UDRIS into these frame-
works will strengthen a culture of hazard preparedness amongst 
government officials, planners, engineers, and the public. 

Keywords: stormwater infrastructure, adaptive resilience, environ-
mental justice, pluvial flooding, infrastructure planning

Introduction 

With the increased prevalence of non-disaster declared pluvial flooding and the 
availability of funding contained in the Bipartisan Infrastructure Law for urban 
drainage systems, many counties, cities, and towns are evaluating the adequacy 
of their aging urban drainage infrastructure (ASCE, 2021; DeAngelis et al., 2019). 
Under the provisions of the National Pollutant Discharge Elimination System 
(NPDES) program, permittees of urban drainage systems also known as munic-
ipal separate storm sewer systems (MS4) in federal regulations are required to 
implement stormwater management programs. These programs are obligated to 
address the six minimum statutory requirements for limiting the total maximum 
daily load (TMDL) and total suspended solids (TSS) contained within stormwater 
that discharges into the waters of the United States (EPA, 2016; PG Environmen-
tal, 2017; Ross & Associates, 2012). These six minimum statutory requirements 
for each stormwater management program are: 1) Public education and outreach, 
2) public participation and involvement, 3) illicit discharge detection and elimi-
nation of construction site runoff control, 4) post-construction runoff control, 5) 
pollution prevention and 6) good housekeeping. 

In January 2019, the Water Infrastructure and Improvements Act amended 
the CWA to include the 2012 Integrated Municipal Stormwater and Wastewater 
Plan Framework. This framework placed additional emphasis on the linkage be-
tween capital improvement programs or planning (CIP) and the public participa-
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tion statutory requirement (Water Infrastructure Act, 2018). Although voluntary, 
this framework was designed to synchronize community goals and CIP activities 
to assist municipalities in prioritizing their capital investment needs to achieve 
their long-term CWA objectives. The 2012 Integrated Municipal Stormwater and 
Wastewater Plan also recognize the increased pressure local governmental units 
(LGUs) are faced with balancing competing interests caused by changing climatic 
patterns, population growth, aging infrastructure, and limited financial resources 
(Ross & Associates, 2012).

In general, CIP is a multi-phase process that focuses on the planning, fi-
nancing, and construction of prioritized capital investments using planning-pro-
gramming-budgeting theory. This theory is used to optimize the allocation of a 
limited amount of resources for maintaining or improving the quality of life of 
citizens (DeAngelis et al., 2019; Grigg, 2012). Capital improvement programs are 
a multi-departmental and transdisciplinary process that requires input from mul-
tiple stakeholders and governance boards for the identification, prioritization, and 
approval of resources for the identified capital expenditures. CIP in the context of 
urban drainage systems has grown in the last twenty years because of more strin-
gent regulatory requirements, increased urbanization, and more prevalent pluvial 
flooding and drainage complaints(NASEM, 2019). 

Climate Impact Framing
With the expected increase in heavy rain events and its relationship with green-
house gases and human activities associated with increased urbanization, it is 
predicted that urban drainage systems will become frequently overburdened. The 
inability to convey stormwater runoff that results in the accumulation of water 
on the ground surface is defined as pluvial flooding (ASFPM, 2019; Butler, 2018; 
NASEM,, 2019; Zhou, 2014). According to the Intergovernmental Panel on Cli-
mate Change (IPCC), climate change will continue to present added risks and 
stressors to all populations, interconnected systems, and infrastructures that are 
already compromised by pre-existing conditions and under-investment. Various 
climate studies and models have predicted a 20-80% increase in climatic events 
of heavy rain depending on the geographical location and the prediction model 
utilized (Butler, 2018; IPCC, 2021; Zhou, 2014). 

Climate change is not simply a sequence of events with known impacts to 
populations and geographical locations but creates a dimension of uncertainty and 
risks that challenges the perception of the interaction between the environment, ur-
banscapes, and society (Friend & Moench, 2013). Urbanscapes by their very nature, 
are dynamic artifacts of human design that embody ingenuity, creativity, and social 
stratification that’s reflective of societal values and relationships (Friend & Moench, 
2013). The US Environmental Protection Agency (EPA) has defined climatic events 
of heavy rains as rain events that substantially exceed what is considered statisti-
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cally normal for a specific geographical location. This increase in heavy rains has 
resulted in more frequent non-disaster declared pluvial flooding (ASFPM, 2019; 
Blessing et al, 2017; NASEM, 2019; Sarmiento & Miller, 2006; EPA, 2016). 

Most communities are aware of the inherent flood risks associated with de-
veloping in or adjacent to Special Flood Hazard Areas (SFHA) as delineated by 
the Federal Emergency Management Agency (FEMA). These areas are primari-
ly defined along riverine features and coastal areas to indicate the probability of 
floodwater inundation that triggers governmental-sanctioned loss mitigation and 
prevention measures at the community and household scale. Non-SFHAs are de-
fined as areas outside of the FEMA-delineated SFHA boundary which primarily 
consist of the areas where we live, work, and play. This distinction is critically im-
portant because the hazards and Environmental Justice (EJ) literature has noted, 
non-disaster declared pluvial flooding occurs predominately in non-SFHAs where 
flood insurance coverage is less prevalent (Association of State Flood Plain Man-
agement, (ASFPM, 2019; NASEM, 2019). 

Most of the urban drainage infrastructure in the United States has been not-
ed as being overwhelmed and has surpassed its useful life due to deferred main-
tenance, poor land use policies, and infrastructure planning practices (American 
Society of Civil Engineers, 2021). This has resulted in the degradation of stream 
water quality and increased pluvial flooding risk to all populations. The more 
prevalent, non-disaster declared pluvial flooding events make all populations 
more vulnerable due to the non-availability of Federal and State governmental 
resources for the recovery efforts. This leaves the impacted population including 
the underserved and communities of color, to heavily rely on local governmental 
or self-produced resources for the recovery efforts (ASFPM, 2019; Blessing et al., 
2017; Boone, 2013; O’Hare & White, 2018a). 

Stormwater Governance 
Stormwater governance is hierarchically structured in the US with most regula-
tions created at the Federal and State governmental levels with enforcement pro-
vided by LGUs (Finewood et. al., Michael H, 2019; Government Accountability 
Office, 2017; Smith, et al., 2018). Over the last 20 years, US disaster policy has 
begun to evolve from reactionary to a more sustainable proactive system of hazard 
mitigation. Even with the changing attitudes at the Federal level towards hazard 
mitigation policy, inadequate resources and support are provided to LGUs for low-
er-level non-disaster declared pluvial flooding events. These events tend to occur 
outside of the SFHA and are not of a magnitude that triggers Federal or State Di-
saster Declarations due to the resources and management capabilities of LGUs are 
not exceeded (FEMA, 2017; NASEM, 2019; Smith et al., 2018).

FEMA’s premier disaster preparedness grant program, Building Resilient 
Infrastructure, and Communities (BRIC) provides financial assistance to LGUs 
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and Tribal Governments for mitigation activities designed to strengthen the Unit-
ed States’ efforts to bolster a culture of preparedness that incentivizes public green 
infrastructure projects (FEMA,2020b). While the intentions of the program are 
admirable, the requirement for having a federal disaster declaration under the 
Stanford Act within the past seven years is a major barrier to the utilization of this 
funding opportunity (FEMA, 2020a; FEMA, 2020b). In addition to the federal 
disaster declaration requirement (Smith and Vila, 2020), a survey of State Hazard 
Mitigation Officers identified insufficient attention at the Federal and State level to 
the technical capacity of LGUs. This inattentiveness results in an additional barrier 
to smaller LGUs, which are mostly rural communities, from obtaining Federal and 
State funding due to their inability to provide resources for preparing “ winning” 
proposals against resource-rich communities. 

Existing CIP Decision-Making Process 
An important link between stormwater governance and long-term planning is the 
stormwater capital improvements planning (CIP) process. This process plays a key 
role in assessing and determining a community’s resilience to pluvial flooding and 
the distribution of pre-flood event resources (DeAngelis et al., 2019; Hendricks & 
Van Zandt, 2021). The CIP process assesses urban drainage infrastructure needs 
within the entire jurisdictional boundary of an LGU over a defined timeframe. 
At the end of the assessment phase, the identified urban drainage infrastructure 
needs are then benchmarked against the overall community goals and objectives 
as identified in long-range comprehensive plans that improve or sustain a commu-
nity’s quality of life (DeAngelis et al., 2019; Savage et al.,2012). Many LGUs have 
adopted the balanced scorecard method as a tool for describing, communicating, 
and implementing strategies for effectively providing benefits to the governed (Ka-
plan, 2010; Sharma & Gadenne, 2011). 

The balanced scorecard method developed by Kaplan, 2010, in the early 
1990s is a performance evaluation method that uses financial and non-financial 
performance measures for evaluating tangible and intangible assets that play a key 
role in achieving an LGU’s core social and economic mission and objectives (Ka-
plan, 2010; Sharma & Gadenne, 2011). A major criticism of the balanced scorecard 
methodology is its failure to consider some of the most vulnerable stakeholders. In 
doing so, this limits the socio-economic benefit to a small subset of stakeholders 
with socio-political infrastructure and unmuted voices which is counter to the 
principles of EJ (Bullard & Wright, 2009; Campanella, 2006; Schlosberg, 2013; 
Sharma & Gadenne, 2011). “Socio-political infrastructure” as coined by Eakin et 
al., 2017 refers to the social and political norms, values, rules, alliances, and rela-
tionships that provide the underpinnings and institutional structure to the numer-
ous decisions made by public and private political players, which define the roles 
actors play in forming and shaping the urbanscape. 
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For most LGUs, a small percentage of the overall CIP program budget is 
allocated for small-scale pluvial flooding and drainage concerns for publicly main-
tained urban drainage systems. This requires the LGU to internally identify and 
prioritize a non-comprehensive set of candidate pluvial flood mitigation projects. 
These projects in most cases are derived from citizen-reported flood/drainage con-
cerns or data collected through very limited means which perpetuates a system of 
inequality, misrecognition, and exclusion. The prevailing literature suggests most 
hazard mitigation decision-making practices and governmental policies do not 
adequately acknowledge, provide inclusivity and provisions for the underserved 
and communities of color who are less able to recover from pluvial flooding events 
(Cutter et al., 2013; Cutter et al., 2008; Flanagan et al., 2011; NASEM, 2019; O’Hare 
& White, 2018).

Environmental Justice Framing 

Environmental Justice (EJ) is broadly defined by the United States Environmental 
Protection Agency as the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the develop-
ment, implementation, and enforcement of environmental laws, regulations, and 
policies (EP, 2016). The concept of EJ is associated with the unjust siting of a PCB 
landfill in a rural underserved community of color in Warren County, North Car-
olina (Bullard & Wright, 2009; Schlosberg, 2013). Since then, EJ has evolved over 
the years to include a broader definition for both “environment” and “justice” to 
align with society’s changing perspectives of injustices (Bullard & Wright, 2009; 
Colten, 2007; Jerolleman, 2019; Schlosberg, 2013). The current environmental and 
economic justice movement, formerly known simply as the environmental justice 
movement, now reverberates more to the interrelationship between vulnerability, 
disadvantages, and the environment (O’Hare & White, 2018a; Schlosberg, 2013). 

This broader definition of the “environment” is important because it encom-
passes all aspects of the environment from the urbanscapes “where we live, work 
and play” to natural and created landscapes (Bullard & Wright, 2009; Schlosberg, 
2013). The expanded definition of “justice” is also critically important to the move-
ment because it provides a basis for critical academic inquiry into the principles 
of equity, recognition, and participation which are key aspects of the movement 
(Bullard & Wright, 2009; Schlosberg, 2013; Walker & Burningham, 2011). These 
broader definitions to key aspects of the EJ movement led Mohai et al (2009), to 
outline three empirically linked interrelated causal factors that provide additional 
foundational support for EJ beyond the underlying response of racial inequalities. 
The identified interrelated causal factors identified were 1) the exploitation of the 
economic condition and situation of the vulnerable and their environment for the 
economic gains of others; 2) governmental and empowered players seek the path 
of least resistance coupled with the notion that vulnerable populations make easier 
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targets; 3) distinct forms of disenfranchisement are associated with underserved 
and communities of color with regards to pollution. Schlosberg, 2013, concludes 
that if any or all these causal factors are present, a systemic culture of misrecogni-
tion, exclusion, and inequities will exist. 

Resilience Framing 
Resilience is still a broad aspirational concept with positive connotations that are 
used to frame scientific, political, and social discourse around the ability of a sys-
tem to rebound from external shocks, recover and adapt to new circumstances 
while preserving key components and relationships(Cutter et al., 2008; Linkov & 
Palma-Oliveira, 2017; Wardekker, 2018; Yamagata & Sharifi, 2018). The concept 
of resilience in the academic literature can be traced back to the 1973 C.S. Holling 
article, Resilience, and Stability of Ecological Systems (Rodina, 2019). Since pub-
lication of this groundbreaking article, three major theories and epistemologies 
of resilience have emerged from the disciplines of engineering (engineering resil-
ience), ecology (ecological resilience), and social sciences (adaptive resilience, also 
known as social-ecological resilience) (Linkov & Palma-Oliveira, 2017; Yamagata 
& Sharifi, 2018). 

In urban drainage system applications, resilience is often viewed from the 
perspective of engineering resilience. This places emphasis on creating systems 
that can withstand anticipated stressors by adding robustness and resistance to 
the physical system (Yamagata & Sharifi, 2018). When systems experience fail-
ure from anticipated stressors that exceed pre-established thresholds, engineering 
resilience will enable the system to rapidly recover to pre-disruption conditions. 
However, the robustness and resistance of the system have minimal effect on the 
system’s ability to cope, adapt, and recover from unanticipated stressors. Looking 
at resilience through this lens results in a single equilibrium-focused approach 
that fails to capture the behavior of complex dynamic systems such as urbanscapes 
(Yamagata & Sharifi, 2018). 

Climate Change has evoked uncertainty within urbanscapes which has led 
counties, cities, and towns to employ principles of adaptive resilience to better 
prepare for future conditions (Rockefeller Foundation 100 Resilient Cities, 2013-
2019). Adaptive resilience is defined as the ability of a complex system to absorb 
unanticipated stressors with the capacity to explore new opportunities through 
evolutionary learning techniques to adapt to changing conditions across varying 
temporal and spatial scales(Birkmann et al., 2013; Kim & Lim, 2016; Wardek-
ker, 2018; Yamagata & Sharifi, 2018). Since urban drainage systems have a useful 
life span of 50-plus years, a different epistemology of resilience is necessary to 
quantify the coping and adaptation capacity of urbanscapes to absorb and recover 
from unanticipated stressors associated with climate change (Kim & Lim, 2016; 
Wardekker, 2018; Yamagata & Sharifi, 2018). Integrating adaptive resilience prin-
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ciples into urban drainage design practices and decision-support models is a novel 
concept that diverges from the epistemology of engineering resilience (Oulahen 
et al., 2019). 

New Multi-dimensional Resilience Rating and Indexing System

Overview: Urban Drainage Resilience Index System (UDRIS)
The theoretical concept of UDRIS is centered around the operationalization of 
pluvial flood resilience which depicts the interaction of the environment (natural 
and built) and society’s ability to cope, adapt and recover from pluvial flooding 
events. UDRIS is a transdisciplinary communication, analysis, and decision-sup-
port model that quantifies the pluvial flood resilience of urban drainage systems. 
This is achieved through the analysis of urban drainage systems from the per-
spective of adaptive resilience and EJ principles that are integrally linked to the 
Disaster Risk Management’s disaster cycle. To operationalize and quantitatively 
measure the level of pluvial flood resilience of populations and places, three basic 
conditions must be present, 1) pluvial flood hazards (natural condition), 2) ex-
posure (man-made condition), and 3) adaptive capacity (human condition), as 
shown in Figure 1. 

In the Figure 1 equation, pluvial flood hazard is suggestive of the occur-
rence probability of pluvial flooding events which are directly connected to land 
use policy, urban drainage infrastructure design practices, and heavy rain precip-
itation events. Events of heavy rains as defined by the EPA as precipitation events 
that substantially exceed what is statistically considered normal for a geographical 
location that tends to overwhelm the urban drainage infrastructure (EPA, 2016). 
Climate change research has noted that some geographical locations are experi-
encing increased pluvial flood risk because actual rain events are more frequently 
aligning and, in some cases, exceeding the synthetic storms use for the design of 
urban drainage systems (Moore et al., 2016; Butler et al., 2018; NASEM, 2019; 
Konrad, 2003; Brody et al., 2013). 

Figure 1: Conceptual Equation of Pluvial Flood Resilience
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The exposure element in equation-1 is suggestive of the temporal and spatial 
susceptibility of populations and places to unanticipated pluvial flooding events 
that result in substantial physical and/or economic impacts. These relationships 
and the natural variability associated with urbanscapes and precipitation events 
fundamentally expose all populations and places to pluvial flood risk. However, 
the level of pluvial flood risk populations and places experience can increase or 
decrease over time unbeknownst to said population due to upstream urbanization, 
diminished infrastructure maintenance, and overall system life cycle, which is fur-
ther influenced and degraded by the effects of climate change (Moore et al., 2016; 
NASEM, 2019; Konrad, 2003; Brody et al., 2013; Butler et al., 2018). 

The adaptive capacity element in both equation-1 and equation-2 (Figure 
2) is suggestive of the dynamic interaction between urban drainage infrastructure 
and society’s ability to smoothly transition between long periods of stability and 
short periods of chaotic change without losing its integrity and functionality. This 
relationship between urbanscapes, society, and climate change is characterized as a 
complex dynamic social-ecological environmental system that changes at different 
spatial and temporal scales to achieve and maintain equilibrium. To operationalize 
this complex interaction, the integration of prevalent adaptive resilience princi-
ples is required. UDRIS embraces the overarching adaptive resilience principles 
of diversity, stability, equity, foresight capacity, resourcefulness, and adaptability 
to 1) lessen potential damages, 2) create evolutionary learning opportunities, and 
3) communicate pluvial flood risk (Linkov & Palma-Oliveira, 2017; Yamagata & 
Sharifi, 2018; Kim & Li, 2016). 

Figure 2:  Conceptual Equation of Adaptive Capacity

In the equation shown in Figure 2, the antecedent vulnerabilities element 
is suggestive of the precursor socioeconomic characteristics of a population. This 
predisposition of susceptibility is inherent to all populations but underserved and 
communities of color are fundamentally more socioeconomically vulnerable. This 
stems from years of governmental and societal-sanctioned exclusionary practices 
such as Jim Crow laws, redlining, urban renewal, segregated housing, exclusionary 
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zoning & annexation practices, gentrification, and urban revitalization (Bullard 
et al., 2008; Bullard & Wright, 2009; Chakraborty et al., 2019; Hendricks & Van 
Zandt, 2021). These exclusionary practices tended to push underserved and com-
munities of color to undesirable low-lying land or high-density urban areas with 
deficient urban drainage infrastructure provisions(ASCE, 2021; Bullard & Wright, 
2009; Heck, 2021; Hendricks & Van Zandt, 2021).

The capacity-building element in equation-2 provides a linkage to the role 
LGUs and community-based organizations play in providing educational, finan-
cial, and technical resources for mitigating the negative socioeconomic impacts of 
pluvial floods. In this element, the educational, financial, and technical resourc-
es are indicative of the actions that promote community voice recognition and 
authentic engagement through a capacity-building framework such as VCAPS 
(Vulnerability, Consequences, and Adaptation Planning Scenarios), the EPA’s 
Collaborative Problems Solving Model, or Community Action Roadmap. These 
frameworks provide a systematic approach for: 1) identifying community needs; 
2) identifying existing community resources and capacity; 3) creating alternative 
& solution discovery and discourse; 4) identifying capacity building & resources 
needed for solution implementation; 5) solution implementation; 6) assessing the 
long-term impact of the solution. The implemented solution should have tangi-
ble outcomes such as equal access to and awareness of flood insurance policies, 
flood risk awareness, wealth creation, financial literacy, and community economic 
development opportunities. These tangible outcomes will provide additional ca-
pacity and resources to the community to counteract the negative socioeconomic 
impacts of pluvial floods (Jerolleman, 2019; Schlosberg, 2013).

The recovery resources element in equation-2 represents the level of access 
to and spatial availability of provisions that allow impacted populations to recov-
er at a reasonable temporal scale. The quality and rapidity of recovery have been 
identified in hazards and EJ literature as one of the measurements for a successful 
recovery process. A successful recovery process as described in the literature is 
one that at a minimum returns the impacted population to pre-pluvial flood levels 
of functionality both physically and economically at a reasonable temporal scale 
commensurate with the magnitude of pluvial flood damage. (Bullard & Wright, 
2009; Campanella, 2006; Olshansky, 2005). At the neighborhood scale in terms of 
the boots-on-the-ground impact, there is no significant distinction between disas-
ter-declared and non-disaster-declared pluvial flood events.

Generally, pluvial floods tend to be very disruptive to the impacted popu-
lation and usually result in the substantial expenditure of financial resources for 
recovery efforts. The main differentiation between disaster and non-disaster-de-
clared pluvial flood events at the neighborhood scale is the timing and access to 
financial resources which heavily influences the quality and rapidity of recovery. 
With non-disaster-declared pluvial flooding occurring predominately outside of 
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SFHAs where flood insurance is less prevalent, the impacted population has to 
solely rely on self-produced, familial, and community resources (non-governmen-
tal including LGUs) for the recovery efforts (McCarthy, 2011; Olshansky, 2005). 
This self-dependence usually results in an extended recovery period, which for 
underserved and communities of color goes beyond the immediate impact of the 
event. This has generational impacts with the loss of financial resources and op-
portunities that are never recovered which puts this population in an overall more 
vulnerable state (Bullard & Wright, 2009; Schlosberg, 2013; Twigg, 2015). 

The concept of pluvial flood resilience is further operationalized into a 
culture of actionable practices by providing linkages to the Disaster Risk Man-
agement (DMR) disaster cycle. The DMR disaster cycle is an easy-to-understand 
four-phase linear operational model for disaster interventions for technical and 
nontechnical actors. It is a powerful communication tool that provides a linear 
sequence of interventions at the disaster mitigation, preparedness, response, and 
recovery phases. However, Twigg, 2015, has noted the complexity and fluidity of 
disasters are not fully conveyed with the DRM disaster cycle model. 

The mitigation phase of the disaster cycle is linked to the antecedent vul-
nerabilities element in Equation-2. This linkage is used to communicate the level 
of readiness afforded by activities taken by populations and places to counteract 
preexisting vulnerabilities. In equation-2, the preparedness phase of the disaster 
cycle is linked to the capacity-building element. This linkage is used to communi-
cate the level of readiness provided by actions that create a continuous culture of 
self-improvement, prevention, and readiness due to the uncertainties created by 
climate change and the dynamic nature of urbanscapes. 

The response phase of the disaster cycle is linked to the exposure element 
within equation 1 (Figure 1). This linkage is used to communicate the availabil-
ity of resources during or immediately after pluvial flooding events to safeguard 
property and lives. The last and final phase of the disaster cycle, the recovery phase 
is linked to recovery resources in equation 2 (Figure 2). This linkage is used to 
communicate the available capacity populations have for recovery efforts.

UDRIS Model Dimensions and Construct
UDRIS is a multi-criteria decision and analysis (MCDA) model that pairs storm-
water hydraulic analysis principles with social vulnerabilities. Just like other 
multi-criteria decision and analysis models, UDRIS allows for the straightfor-
ward conveyance of complex information for the engagement of stakeholders and 
policymakers to increase 1) knowledge, 2) awareness and 3) the co-creation of 
solutions.

An easy-to-understand UDRIS Scoring Rubric (Figure 3) was developed 
using a letter grade designation based on numeric scoring ranges.
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Figure 3:  UDRIS Scoring Rubric

Figure 4:  UDRIS Dimensions
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To operationalize the theoretical concept of pluvial flood resilience, UDRIS 
uses five dimensions as shown in Figure 4, which specifies UDRIS Dimensions 
(Column 2) to communicate to stakeholders and policymakers, the pluvial resil-
ience afforded by urban drainage systems and society’s ability to cope, adapt and 
recover from such events.

The first dimension, Urban Drainage System Resilience Rating is the weight-
ed sum of proxy indicators shown. This dimension measures an urban drainage 
system’s ability to cause pluvial flooding during the aspirational resiliency rain-
fall event. The aspirational resiliency rainfall event is defined as the rainfall event 
that affords a pre-determined level of pluvial flood readiness an LGU aspires to 
achieve. The goal of the aspirational resiliency rainfall event concept is to reduce 
the financial impacts and increase the rapidity of recovery without unilaterally 
instituting more stringent urban drainage infrastructure design requirements. 

Dimension two, the Index of Socio-economic Resilience is a comparative 
measure of a population’s socioeconomic susceptibility to non-pluvial flood-relat-
ed stressors. Computationally, this is defined as the is the inverse sum of weighted 
census track-level proxy indicators as shown in Figure 4. The purpose of the In-
dex of Socio-economic Resilience is to identify susceptible populations for tar-
geted capacity-building resources to increase their overall resilience to stressors. 
Historically, underserved and communities of color are fundamentally more so-
cio-economically susceptible due to past and current systematic governmental 
and non-governmental injustices (Bullard et al., 2008; Bullard & Wright, 2009; 
Chakraborty et al., 2014; Hendricks & Van Zandt, 2021). 

Dimension three, Community Preparedness Rating measures the impact of 
policy decisions that create a culture of prevention and preparedness for non-disas-
ter declared pluvial flooding. Computationally, it is defined as the sum of weighted 
city scale proxy indicators as shown in Figure 4. Most of these proxy indicators 
are derived from policy implementation categories within FEMA’s Community 
Rating System that reduce both pluvial and riverine flooding. In addition to the 
policy implementation categories, this dimension includes metrics for CIP funds 
allocated and the number of community-faith-based organizations. 

Dimension four, Community Response Index, is a comparative measure of a 
community’s ability to provide aid during and immediately after non-disaster-de-
clared pluvial flooding events. The hazard and EJ literature has identified a strong 
correlation between social bonds and the ability of a community to organize and 
provide timely aid. In recognition of this, UDRIS uses the capabilities and training 
provided to fire rescue departments as an indicator of the response during a pluvi-
al flooding event. To quantitatively measure the strength of social bonds and inter-
connections within a community, UDRIS incorporates the number of community 
and faith-based organizations as an indicator of the aid available immediately after 
a pluvial flooding event. 
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The fifth and final dimension of UDRIS, Community Recovery Capacity is 
a qualitative measure of the availability and access to pluvial flooding recovery 
resources. Computationally, this is the weighted sum of census tract-level proxy 
indicators as shown in Figure 2.

These selected indicators are suggestive of a population’s rate of recovery 
which is determined by their ability to access financial resources to repair dam-
aged assets to return to a normative state. This is powerful because it identifies 
spatial locations and populations where locally earmarked disaster funds could be 
utilized to increase the quality and rapidity of the recovery efforts. 

Model Application 

UDRIS is a novel approach for integrating EJ and resilient thinking principles into 
planning and urban drainage infrastructure policy decisions. Incorporating such 
principles in the decision-making process creates a culture of hazard preparedness 
through the direct translation of community goals with urban drainage infrastruc-
ture needs. Figure 5 illustrates how UDRIS integrates into three governmental plan-
ning processes that involve urban drainage systems (the three processes and their 
major elements are highlighted within the Figure 5 chart). In this illustration, the 
UDRIS score provides the comprehensive unbiased identification of pluvial flood-
ing locations where populations are vulnerable during the aspirational resiliency 
rainfall event. This information is then used to inform and support policy decisions 
that would increase the resilience of the identified populations and places. 

Figure 5:  UDRIS Integration into the  Policy Decision Matrix
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UDRIS Integration into the Stormwater CIP Process

The distribution of pre-pluvial flood resources through the stormwater CIP pro-
cess plays a key role in determining the degree of community flood resilience 
(DeAngelis et al., 2019; Hendricks & Van Zandt, 2021). As shown in Figure 5, 
the assessment and inventory phase of stormwater CIP is where projects to re-
pair, rehabilitate, or replace urban drainage systems are identified to maintain an 
adequate level of service. In most cases, this assessment is non-comprehensive 
and is compiled from pluvial flooding events or drainage concerns reported by 
citizens with sociopolitical infrastructure. This self-report system fundamentally 
perpetuates bias and disparities in the distribution of pre-pluvial flood resources 
by narrowly defining project locations (DeAngelis et al., 2019; Grigg, 2012; EPA, 
2016).

The application of UDRIS in the context of stormwater CIP is primarily 
an analysis and communication tool to increase transparency in the identifica-
tion and distribution of stormwater resources. When UDRIS is incorporated 
into the needs assessment phase of the CIP process, it provides a quantitative 
assessment of the culpability of urban drainage systems to cause pluvial flooding 
and the coping, adaptation, and recovery capacity of the impacted population. 
This is accomplished through the calculation of a numerical score for each urban 
drainage system within an LGU. This numerical scoring system as identified in 
Figure 1.

This numerical scoring system is then used to develop a comprehensive un-
biased prioritization listing of deficient urban drainage infrastructure. The defi-
cient infrastructure that falls below the LGU’s established aspirational resiliency 
goal should be assimilated into capital improvement projects. 

UDRIS Integration into Comprehensive Planning Policy Process 
Public investment in local infrastructure and community economic development 
is one of the most impactful and direct means communities can build capacity to 
address their vulnerabilities to pluvial flood risks (DeAngelis et al., 2019; Fine-
wood et. al., 2019; McFarlane, 1999). Community economic development as de-
scribed by McFarlane, 1999 is the process that promotes the holistic improvement 
of the communities’ socioeconomic condition at the neighborhood level. This is 
achieved by enticing the relocation of existing businesses or the starting of new 
businesses to stimulate economic growth and wealth creation. UDRIS in this set-
ting is an analysis and decision support tool for rationalizing which areas require 
urban drainage infrastructure investment, community economic development, 
and capacity-building resources. This is achieved through the letter grade desig-
nation presented in Figure 3, and in Figure 4, the Index of Socio-economic Resil-
ience dimension within UDRIS. 
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In this scenario, the composite letter designation output of UDRIS pro-
vides insight into the vulnerability of urban drainage infrastructure for causing 
pluvial flooding within a defined spatial boundary such as the census tract. The 
spatial boundaries with lower letter designations such as F, D, and sometimes C, 
are candidate locations that need additional resources for increasing the coping, 
adaptation, and recovery capacity of the population. In addition to using the letter 
designation output from UDRIS, the Index of Socio-economic resilience and the 
Community Recovery Index within a defined spatial boundary can provide fur-
ther justification for the allocation of capacity building and community economic 
development resources. 

UDRIS Integration into the Hazard Mitigation & Resiliency  
Planning Process
Various studies within the Hazards literature (Berke et al., 2012 and Smith and 
Vila, 2020), have noted states’ hazard mitigation plans are not well organized, tech-
nically sound, or thoroughly prepared to foster a strong commitment to bolstering 
community resilience. This lack of commitment results in most plans failing to 
pre-identify projects or comprehensively apply land use policy to reduce pluvial 
flood risk. The application of UDRIS in this context is an analysis, communica-
tion, and decision support tool that provides a framework for identifying levels 
of resources available before and during pluvial flood events. In addition to the 
identification of resource availability, UDRIS can also identify potential project 
locations for creating a culture of community awareness and hazard preparedness. 

The ability of UDRIS to determine the level of resources available pre-plu-
vial flood events is noted within the Community Preparedness Rating dimension 
(Figure 4). This dimension leverages proxy indicators that are indicative of policies 
and practices that reduce pluvial flooding. The letter and numerical output desig-
nation from the Community Preparedness Rating can be utilized to identify and 
track the level of preparedness afforded by current policies and practices. Thereby 
the communities with low designations should review and enhance their policies 
and practices for increasing the overall coping, adaptation, and recovery capacity 
of the entire population within the designated spatial boundary.

The level of resources available during a pluvial flooding event is noted 
within UDRIS with the Community Response Rating dimension (Figure 4). This 
dimension also leverages proxy indicators that are indicative of the policies and 
practices that affect a community’s ability to respond during and immediately after 
a pluvial flooding event. The output letter and numerical designation are utilized 
to identify and track the available response capacity during and immediately after 
a pluvial flood event. Spatial boundaries noted as having a low designation should 
review and take steps to enhance their practices and policies to increase the re-
sponse capacity. 
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Lastly, UDRIS can be used to provide an assessment of locations with docu-
mented pluvial flood incidences within the spatial boundaries of the Hazard Mit-
igation Planning area (Disaster Mitigation Phases shown in Column 1, Figure 4). 
Urban drainage system at the identified pluvial flooding location can be further 
analyzed with UDRIS. The output letter grade designation (Figure 3) is utilized 
for assessing if drainage system upgrades are required to increase the resilience 
of the impacted population. Locations with a letter designation score of F, D, and 
sometimes C, are candidate locations for urban drainage improvement projects 
and should be identified within the Hazard Mitigation Plan. 

Conclusions

Studies within the Environmental Justice and the Hazards literatures have begun 
to characterize a long lineage of governmental policies and practices that do not 
adequately acknowledge, provide inclusivity, or contain provisions for socially vul-
nerable populations pre-, during and post-pluvial flood events (Cutter et al., 2013; 
Cutter et al., 2008; Flanagan et al., 2011; NASEM, 2019; O’Hare & White, 2018). 
Restructuring and rethinking processes that embody and promote problematic 
practices connected to injustices may be subdued with the enactment of govern-
mental policies that strive for the basic need for social, economic, and political 
equality, which transcends race and economic status (Eakin et al., 2017; Schlos-
berg, 2013; EPA, 2016). 

Complex decisions concerning risks posed by pluvial flooding cannot be 
made independently but requires public involvement and the continuous input of 
complex technical information (Haer, Botzen, & Aerts, 2016; Rowel et al., 2012; 
Santos, 1990). This paper outlines a novel approach using UDRIS, a multiple-cri-
teria decision analysis (MCDA) model to rethink and reimagine existing practices 
to create a more transparent and equitable decision-making process for the distri-
bution of pluvial flood resources. UDRIS also seeks to recognize the impact of past 
injustices through the continuous assessment and communication of risk. 

The methodology provides a systematic approach for developing a com-
promise between competing interests of the environment (built & natural) and 
society. In the policy arena, this approach is very attractive because it allows trans-
parency and pragmatism in the comparison of needs between different locations 
and provides justification for the distribution of investment (Cutter et al., 2013; 
Heckert & Rosan, 2016). The next step is to perform a demonstration study of 
UDRIS to validate the theoretical concept outlined in this paper. 
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Acronyms and Abbreviations

ASCE  American Society of Civil Engineers

ASFPM Association of State Flood Plain Management

BIL  Bipartisan Infrastructure Law

CIP  Capital Improvements Planning

DRM  Disaster Risk Management

EJ  Environmental Justice

EPA    Environmental Protection Agency

FEMA  Federal Emergency Management Agency

GAO  Government Accountability Office

HMP  Hazard Mitigation Plan

IMSWP Integrated Municipal Stormwater and Wastewater Plan 

LGUs  Local Governmental Units

IPCC  Intergovernmental Panel on Climate Change 

MCDA  Multi-criteria Decision and Analysis

NASEM National Academies of Sciences, Engineering, and Medicine

SFHA  Special Flood Hazard Areas

TMDL  Total Maximum Daily Load

TSS   Total Suspended Solids

URDIS  Urban Drainage Resilience Index System
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