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We live in a multi-hazard and compounding disaster risk reality 

Helene 2024
(New York Times)

Escalating losses: 27 individual billion-dollar US 
disasters in 2024 cost $180.2 billion (NCEI-NOAA 

2024)

Frequency of tropical storms and 
hurricanes since 1900 (Strader 2023)



The disaster-related economic losses do not reflect the costs of 
environmental degradation and social impacts

Inequitable patterns of US flood risk in the 
Anthropocene (Wing et al. 2022)
 Current average annual losses of 

(US$32.1 billion) (borne 
disproportionately by poorer 
communities with a proportionally 
larger White population. 

 The future increase in risk will 
disproportionately impact Black 
communities, while remaining 
concentrated on the Atlantic and Gulf 
coasts.



Disaster risk is systemic in nature

“All hazards are multi-hazard, few of them are natural.”
 

Potential anthropogenic influences and some of the 
hazards these may apply to  

(Van Wyk de Vries 2025) 

“….infrastructure design, planning, governance, and 
disaster preparedness for compound events are 
critical for building resilient systems.” 

(Fifth National Climate Assessment 2023)

Wisner et al. 2003;  Oppenheimer et al. 2014



Traditional risk management, focuses on ‘gray’ engineered infrastructure, and 
exacerbates environmental and social impacts of disasters

The United States Army Corps of 
Engineers (USACE)

Artist rendering of a proposed storm surge barrier 
(USACE)

The Thames Barrier, London
(Wikipedia)

Fox Point Hurricane Barrier 1966, Rhode 
Island (Rasmussen et al. 2022) Acre seawall, Israel (Wikipedia)



The aftermath of Hurricane Sandy triggered the beginnings of a 
shift in the US risk management approach

The North Atlantic Coast Comprehensive Study 
(USACE 2015)

 Redefined Resilience: Coastal resilience is the 
ability of a system to prepare, resist, recover, and 
adapt to disturbances to achieve successful 
functioning through time” (Rosati et al. 2015)

 The comprehensive approach recommended …  
“holistically incorporate coastal water resource, or 
engineering features and activities; ecosystem 
features, both naturally occurring and constructed; 
and community aspects including the social and 
economic assets, and critical facilities of coastal 
systems.

+ +

Nature-Based Solutions (NBS)
Non-structural solutions like elevating 
and flood-proofing homesGray/Hard Infrastructure

COMPREHENSIVE 
APPROACH



However, barriers to a comprehensive approach persist. 

Reliance on engineered 
megaprojects

Lack of community 
engagement

Kuwae and Crooks 2021; Fischbach 
2022

Lack of consensus on 
NBS effectiveness & 
viability

Rasmussen et al. 2022



Federal policy guidelines dictate USACE selects projects solely on the merit of 
economic benefits (disregarding environmental and social outcomes)

The Benefit Cost Analysis is the primary decision-making tool for project 
selection since 1925/1930

Gerald E. Galloway, Jr., 
University of Maryland

From Net Economic Development …to “Net Public Benefits” in the 
Principles, Requirements, and Guidelines, April 2025

Section 234.4 (c) “Net public benefits.  The Corps shall strive to maximize net public benefits to society. Public 
benefits encompass economic, environmental, and social goals, include monetized and un-monetized effects, and 
allow for the consideration of both quantified and unquantified effects.”
Section 234.7 (h) “Nonstructural and nature-based solutions.  …shall be considered…and included when appropriate.” 

Net Economic Development (NED) in the Principles and Guidelines (P&G)



The need for a tool that enables sustainable, equitable, and just 
distribution of ‘comprehensive benefits’ from infrastructure projects 



The need for a tool that enables sustainable, equitable, and just 
distribution of ‘comprehensive benefits’ from infrastructure projects 

• Developed an alternative valuation framework and rubric: 
Mainstreaming Environment and Equity in Resilient Infrastructure 
Assessments (MEERIA)

• Analyzed feasibility studies of three US resilient infrastructure 
projects

• Applied MEERIA rubric for an illustrative analysis of the three 
USACE coastal resilience projects



Development of the MEERIA framework
To mainstream environment and equity in resilient infrastructure projects





MEERIA draws resilient infrastructure projects to focus on 
procedural equity
Procedural equity is the intentionally 

inclusive decision-making approach to 
maximize representation, engagement, and 
participation of community members and 
stakeholders across diverse socioeconomic 
groups and structures of political power in 
the developing, planning, and 
implementation of public projects to 
enhance equity outcomes. 
 It involves transparent, fair, respectful, 

inclusive, and participatory decision-making 
processes embodied in voice and choice 
(Prilleltensky, 2012). 

 MEERIA includes Recognitional equity which 
brings to light historical inequities and the 
social, political, and institutional structures 
that continue to sustain those inequities. 
Recognizing these inequities fosters respect 
across community groups and helps find 
effective solutions. 

Equity framework based on Schlosberg (2007), McDermott et al. (2013), and 
Sikor et al. (2014). The procedural equity icon is adapted from “Family” by 
Joanna Woerner, Integration and Application Network (ian.umces.edu/media-
library) used under CC BY-SA 4.0, and the recognition icon is from Ruano-
Chamorro et al. 2022.

Ruth 2019



The MEERIA FrameworkThe MEERIA Framework

Procedural Equity Criteria in MEERIA: 
Equity goals, Acceptance, Process 

(Schlosberg 2007)

Phase 0



MEERIA draws resilient infrastructure projects to focus on 
ecosystem services and distributional equity

• Ecosystem services are the direct and indirect contributions of ecosystems 
to human well-being. 

• Ecosystem services approach enhance positive environmental outcomes (Millennium 
Ecosystem Assessment 2005, TEEB 2010; Rincon-Ruiz et al. 2019; The Integrated Valuation of Ecosystem Services or 
IVES approach).

• Distributional equity is the fair allocation of goods, services, infrastructure, 
environmental amenities, risk reduction benefits, and economic 
opportunities to all, but more expressly to improve the welfare of the 
underserved (Schlosberg 2007, 2012, 2013; Meerow et al. 2019). 

• Social welfare approach, Welfare economics, Social vulnerability (A. Sen 2987; Pearce and 
Nash 1981; IPCC 2014; Cutter 2012)



The MEERIA Framework



The MEERIA Framework



The MEERIA Framework and RubricNormative Technical 
guideline

Evaluative



Procedural equity

Criteria Determination 
examples



Ecosystem services

Criteria
Determination 

examples



Distributional equity

Criteria
Determination 

examples



The MEERIA 
Rubric



Analysis of three resilience infrastructure projects

New York: 
ESCR, 2019

Miami-Dade
MDBB, 2020

South Central Louisiana
SCCL, 2021



Findings



Procedural equity

 Recognitional equity absent
 Including goals for equity is not a 

requirement
 Neither is diverse stakeholder 

participation 
 With the exception of ESCR, New York, 

documentation of public engagement 
was perfunctory

 Budget allocation for participatory 
processes limited or non-existent

 Low evidence of influence of public 
participation on final decision-making 

 Robust communication does not 
guarantee inclusion of people’s views 
and voices.
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Procedural equity: An effective participatory process relies on robust 
intentions, meaningful representation, candid communication, and carrying 
the good work to the finish line

 Recognitional equity absent
 Including goals for equity is not a 

requirement
 Neither is diverse stakeholder 

participation 
 With the exception of ESCR, New York, 

documentation of public engagement 
was perfunctory

 Budget allocation for participatory 
processes limited or non-existent

 Robust communication does not 
guarantee inclusion of people’s views 
and voices.
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Ecosystem services
 Robust cataloguing of ecosystems of 

concern
 Interactions with climate change impacts 

limited
 Meaningful engagement with stakeholder 

to determine their values, preferences 
absent

 Project impacts on ecosystems, 
feedback effects, and dependence on 
ecosystem functionality ignored.

 Limited use of multidisciplinary 
methodologies to appropriately value 
ecosystem services

 None of the studies included nature-
based solutions or hybrid solutions as 
significant elements to reduce disaster 
risk
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Scoping phase



Ecosystem services
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Planning and Design Phase

 Robust cataloguing of ecosystems of 
concern

 Interactions with climate change impacts 
limited

 Meaningful engagement with stakeholder 
to determine their values, preferences 
absent

 Project impacts on ecosystems, 
feedback effects, and dependence on 
ecosystem functionality ignored.

 Limited use of multidisciplinary 
methodologies to appropriately value 
ecosystem services

 None of the studies included nature-
based solutions or hybrid solutions as 
significant elements to reduce disaster 
risk



Ecosystem services
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Evaluation phase

 Robust cataloguing of ecosystems of 
concern

 Interactions with climate change impacts 
limited

 Meaningful engagement with stakeholder 
to determine their values, preferences 
absent

 Project impacts on ecosystems, 
feedback effects, and dependence on 
ecosystem functionality ignored.

 Limited use of multidisciplinary 
methodologies to appropriately value 
ecosystem services

 None of the studies included nature-
based solutions or hybrid solutions as 
significant elements to reduce disaster 
risk



 Robust cataloguing of ecosystems of concern
 Interactions with climate change impacts limited
 Meaningful engagement with stakeholder to determine 

their values, preferences 
 Limited use of multidisciplinary methodologies to 

appropriately value ecosystem services
 As a consequence, none of the studies included nature-

based solutions or hybrid solutions as significant 
elements to reduce disaster risk

Ecosystem services: Acknowledged but undervalued



Distributional equity

Scoping phase
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evaluation and social welfare benefits



Distributional equity

Complexity of hazards not addressed
Unidimensional solutions
Focus on NED ~ National Economic 

Development
Nonstructural solution without 

considering implementation hurdles
Who suffers? Who benefits?
Lost opportunity for non-monetary 

evaluation and social welfare benefits
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Distributional equity

Evaluation Phase

Complexity of hazards not addressed
Unidimensional solutions
Focus on NED ~ National Economic 

Development
Nonstructural solution without 

considering implementation hurdles
Who suffers? Who benefits?
Lost opportunity for non-monetary 

evaluation and social welfare benefits



Distributional equity or Diversity exclusion--of 
objectives, alternatives, nature, people, and benefits 

Complexity of hazards not addressed
Unidimensional solutions
Focus on NED ~ National Economic 

Development
Nonstructural solution without 

considering implementation hurdles
Who suffers? Who benefits?
Lost opportunity for non-monetary 

evaluation and social welfare benefits



In conclusion



Resilience infrastructure has the potential to deliver holistic, 
sustainable, and equitable resilience…

 … but environment and equity are neglected in the project life cycle and throughout the 
planning processes. 

Our analyses revealed several barriers limiting comprehensive benefits of resilience 
infrastructure projects . These include 
 lack of democratic participatory processes involving informed community members, affected 

stakeholders, and unbiased subject matter experts to account for and support positive 
environmental outcomes through more innovative risk reduction measures like NBS or socially 
equitable measures

 lack of equity-oriented mechanisms to address power asymmetries, conflict, and equity-oriented 
mechanisms.

  exclusion of improved and diverse economic tools to effectively quantify environmental and social 
values

exclusion of intangible and non-market costs and benefits which may have substantive 
implications for the welfare of stakeholders

MEERIA framework aims to mitigate the common pitfalls of a traditional analysis such as the BCA and 
offers a holistic and integrative approach enabling equitable and just distribution of comprehensive 
benefits from resilience projects. 
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