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Abstract 

Forward Looking Codes and Standards: Adaptation and Resilience workshop report includes 
recommended research needs on the following themes: adaptive design for buildings and 
infrastructure systems, considering future hazards, material durability, and structural capacity 
degradation, and strategic planning methods for future conditions. 

Keywords 

Codes and standards; Building codes; Future hazards; Load effect: Design guidelines; Design 
criteria; Structural capacity; Adaptation; Resilience. 
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Preface 

In October 2024, the Structural Engineering Institute (SEI) of the American Society of Civil 
Engineers (ASCE) commenced a project under National Institute of Standards and Technology 
(NIST) Contract No.1333ND24PNB730652 to develop workshops on Forward-Looking Codes and 
Standards. This report documents the results of the fourth and final workshop on Forward-
Looking Codes and Standards: Adaptation and Resilience based on contributions to the 
workshops by scientists, natural hazard experts, structural engineers and other design 
professionals, and standard and code development experts.  
 
The following are the themes of the four workshops: 

1. Future hazards for design: Confidence/uncertainty in hazard projections, local 
downscaling of global models, and conversion of hazard projections to engineering 
design criteria;  

2. Future load effects on the built environment: Changes in hazard demand relative to 
historical basis, changes in structural capacity due to changes in material properties, and 
geotechnical conditions; 

3. Engineering design guidelines and criteria: Nonstationary reliability, service life, design 
loads, resistance, and structural capacity degradation; and 

4. Adaptation and resilience: Adaptive design for buildings and infrastructure systems, 
considering future hazards, material durability, structural capacity degradation, and 
strategic planning methods for future conditions. 

 
The impetus for the project was the observed increases in land and ocean temperature 
extremes; sea-level change; frequency and length of heat waves; and changes in the frequency 
and intensity of heavy precipitation, flash floods, severe storms, and cyclones. Because of 
potential changes in environmental hazards and structural capacity over time, the need to 
advance design practices to incorporate future hazard predictions and their uncertainties into 
codes and standards for buildings and infrastructure is urgent. NIST continues to conduct 
research and provide leadership in the advancement and knowledge of these hazards and to 
provide the science and engineering that supports the development of standards and 
guidelines that will lead to more resilient communities and economic continuity across the 
nation. 
 
The workshop development process started with a review of ongoing research, guideline 
development efforts, and relevant case studies. An extensive workshop preparation process 
followed this review that convened four one-and-a-half-day workshops to obtain input from 
experts in these areas and resulted in report preparation and review by the Workshop Steering 
Committee (Obeysekera et al. 2026a, b, c, d).  
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The workshops identified a broad range of research and development activities required to 
advance codes, standards, and engineering design practice that capture the effects of future 
conditions and have the goal of reducing impacts from severe environmental hazards. This 
report includes the discussion of current needs in design practice and specific 
recommendations on research needs to advance next generation building standards and codes 
and to achieve specific goals of adaptation and resilience. 
 
SEI is indebted to the leadership of Jayantha “Obey” Obeysekera, Ph.D., P.E., F.EWRI, M.ASCE, 
who served as the Workshop Director, and the Workshop Steering Committee members Meg 
Ackerson, P.E.; Joe Ackroyd, P.E., M.ASCE; Joseph Barsugli, Ph.D.; Kevin Borth, P.E., S.E., 
M.ASCE; Michel Ghosn, Ph.D., F.SEI, M.ASCE; Matt Gilbertson, P.E., S.E., M.ASCE; Elisabeth 
Gilmore, Ph.D.; Jack Hogan, P.E.; Sihan Li, Ph.D., P.Eng., M.ASCE; Mari Tye, Ph.D., C.Eng., 
M.ASCE for their contributions in putting the workshop together and developing this report. 
 
SEI gratefully acknowledges NIST for its leadership and vision for this project. Appreciation is 
also extended to the many individuals who participated in the workshop. Appendix D lists the 
names and affiliations of all who participated in the workshop and, therefore, contributed to 
this report. Thank you to the ASCE staff— especially Katie Stueckle, who served as Workshop 
Coordinator; Jessica Jun, who served as a Workshop Conference Manager; James Pullis, who 
served as the Conference Center Manager; and Addie Gordon, who served as a Workshop 
Coordinator and drafted and edited the final report.  
 

Jennifer Goupil, P.E., F.SEI, F.ASCE 
Managing Director Structural Engineering Institute and American Society of Engineers Chief 

Resilience Officer 
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1. Section 1: Workshop Overview 

 Introduction 

The National Institute of Standards and Technology (NIST) has a long history of conducting 
research and development to identify methods and practices; to advance codes and standards; 
and to support the resilience of buildings, physical infrastructure, and communities.  
 
NIST’s commitment to the effects of hazards on codes and standards for the built environment, 
and on engineering more broadly, is reflected in its being the lead agency for the National 
Earthquake Hazard Reduction Program, the National Windstorm Impact Reduction Program, 
and its Disaster and Failure Studies Program and Community Resilience Program. Similarly, 
ASCE/SEI is actively committed to integrating future hazard data and future conditions into 
technical standards, especially within the national model design standard for structural loads in 
Minimum Design Loads and Associated Criteria for Buildings and Other Structures (ASCE/SEI 7-
22, ASCE 2022). The next edition, ASCE 7-28, is currently developing a new section for future 
hazard design loads. To continue with these efforts, one of NIST’s strategies is to further 
develop codes and standards to better prepare for future hazards and conditions.  
 
The fourth workshop for Future-Looking Codes and Standards: Adaptation and Resilience, held 
on October 29–30, 2025, and this resulting report, focused on the research and development 
efforts needed to implement future hazards and conditions in associated design criteria in 
codes and standards. The workshop also addressed strategic planning for future requirements 
in the built environment and associated changes to design requirements.  

 Workshop Scope and Purpose 

The purpose of the workshops was to provide a science-based assessment of data and 
development needs to advance design practice and building standards for future natural 
hazards and conditions across U.S. communities.  
 
The workshop scope covered the broad subject area of future hazards and conditions for codes 
and standards development. Specifically, the workshop sought to elicit input from scientists, 
practitioners, and researchers on how to do the following: 

• Prioritize research and development needs to advance design practice for future 
hazards and conditions (beyond the ongoing efforts of ASCE/SEI 7-28);  

• Use the best available science to characterize future hazards and conditions for design 
practice;  

• Identify a path toward improving building standards and design practice; and  
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• Consider resilience, adaptation, and social and economic impacts to businesses and 
communities. 

 Workshop Development Process 

The workshop development process began with the selection of the Workshop Steering 
Committee (WSC) for all four workshops, which includes climate scientists, structural engineers, 
and social scientists. They are qualified academics and practicing experts who have worked in 
the fields of future hazard projections, engineering design, social impacts, resilience, and 
adaptation. The WSC included the following experts:  
• Meg Ackerson, P.E., Arup; 
• Joe Ackroyd, P.E., M.ASCE, Assistant Commissioner; Technical Affairs & Code Development; 

New York City Department of Buildings, NYC; 
• Joseph Barsugli, Ph.D., Research Scientist III, CIRES, University of Colorado Boulder, NOAA 

Physical Sciences Laboratory Affiliate; 
• Kevin Borth, P.E., S.E., M.ASCE, Sr. Structural Project Engineer | Associate Vice President, 

HGA; 
• Michel Ghosn, Ph.D., F.SEI, M.ASCE, Professor, the City College of New York/CUNY; 
• Matt Gilbertson, P.E., S.E., M.ASCE, Sr. Technical Manager, Simpson Gumpertz & Heger; 
• Elisabeth Gilmore, Ph.D., Professor, Carleton University; 
• Jack Hogan, P.E., Associate Climate Risk and Resilience Engineer, Arup; 
• Sihan Li, Ph.D., P.Eng., M.ASCE, Senior Specialist, Associate, RWDI; and 
• Mari Tye, Ph.D., C.Eng, M.ASCE, NIST PREP Fellow, Whiting School of Engineering, Johns 

Hopkins University.   
 
The WSC started meeting in February 2025 to develop the content of the workshop. The WSC 
identified critical issues for each workshop, and the workshop participants were selected based 
upon their expertise in these areas.  
 
To help understand the current state of future-looking codes and standards, the WSC pulled 
reading materials to share with workshop participants, which are listed in Appendix B.3.  
 
The one-and-a-half-day workshop was convened on October 29–30, 2025, to identify the 
highest-priority needs that form the basis of this report. The WSC, industry-leading experts, and 
academics attended the workshop. Members of the public were also able to view speaker 
presentations on the first morning of the workshop via Zoom webinar. The workshop was held 
at ASCE headquarters in Reston, Virginia (Figure 1-1) and was simultaneously streamed for 
virtual participants (Figure 1-2). Twenty-one in-person and 33 virtual participants attended the 
workshop. 
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Figure 1-1. In-person participants at the NIST/SEI Forward-Looking Codes and Standards: 
Adaptation and Resilience workshop on October 29, 2025. 
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Figure 1-2. Virtual participants at the NIST/SEI Forward-Looking Codes and Standards: 
Adaptation and Resilience workshop on October 29, 2025. 
 
The design of the NIST/SEI Forward-Looking Codes and Standards workshop enabled all in-
person and online participants to contribute in multiple ways. The workshop began with subject 
matter expert presentations on ongoing, synergistic efforts with time for the participants to ask 
questions.  
 
Following the presentations, the public session concluded, and a plenary session engaged the 
participants in a discussion to define the state of the art and the future ideal state needed to 
incorporate adaptation and resilience into design standards and codes.  
 
The participants were then divided into four breakout groups: two in-person breakout groups 
and two virtual breakout groups. The goal of the breakout groups was to define research needs 
for future-state goals. To do this, the groups were asked to ground their discussions in current 
reality by considering key factors: barriers to decision-making, challenges to innovative 
solutions, the balance of risk-reward sharing, and goals and incentives for community and 
individual project development. Given these considerations, participants were provided with 
three specific prompts to guide their definition of future-state goals: (1) identify what current 
practitioners wish they had to advance design practice and building standards for adaptation 
and resilience, (2) identify next-generation research needs for adaptation and resilience, and (3) 
define and prioritize the top five research needs.  
  
Each breakout group then reported back to all the workshop participants in a general session 
and described its prioritized research and development needs. Following these presentations 
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and subsequent discussions, all the workshop participants prioritized all the identified research 
and development needs.. 

 Workshop Framework 

The framework for Workshop 4 was developed around key questions and intended outcomes 
from the WSC. Importantly, the steering committee focused on identifying engineering 
strategies for enhancing resilience in response to evolving hazards and for enhancing the 
adaptive capacity of buildings and infrastructure systems under future conditions, including 
degradation of materials and performance of the built environment. Given this purpose, the 
WSC organized the scope of the workshop into two main topics.  

The first topic concerned developing approaches for resilient buildings and infrastructure, 
including adaptive design pathways and robust decision-making under nonstationary 
conditions, considering structural loads and capacity.  

The second topic identified barriers to and opportunities for applying adaptive pathways and 
resilience strategies in practice. Participants were encouraged to discuss standards, codes, and 
decision frameworks to bridge engineering and community resilience needs and potential 
solutions.  

These topics framed the final set of questions posed to participants, which centered on 
identifying the data and tools desired for future design guidelines and the next-generation 
research needed for adaptation and resilience. 

 Workshop Report Organization 

Following Section 1, Workshop Overview, the workshop report is organized as follows: 
• Section 2 describes the current state of the art and summarizes presentations from the 

workshop, 
• Section 3 describes the discussions on advancing the workshop goals held during the 

breakout sessions, 
• Section 4 describes the top recommended research needs identified during the 

breakout sessions, 
• Section 5 describes the analysis of research needs identified during the breakout 

sessions, 
• Section 6 lists acronyms and abbreviations, and  
• Section 7 provides the references cited. 

 
The report also includes four appendices. Appendix A Priority Research Needs includes 
additional details about the priority research needs identified by each breakout session during 
the workshop. Appendix B Workshop Materials contains the workshop agenda, copies of the 
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presentations. Appendix C Workshop Reading Materials contains the list of prereading 
materials sent to the participants. Appendix D Workshop Participants lists the workshop 
participants in alphabetical order.  
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2. Section 2: Current State of the Art 

 Workshop Presentations 

The following summarizes the opening series of presentations on Synergistic Efforts.  
 

John van de Lindt (Appendix B.2.1.1) of Colorado State University introduced the 
Interdependent Networked Community Resilience Modeling Environment (IN-CORE) platform, a 
cloud-based modeling environment developed in partnership with NIST to support community 
resilience planning. He emphasized the need to integrate physical, economic, and social system 
performance. Using a case study from Joplin, Missouri, he demonstrated how, given a hazard 
scenario, fragility curves for physical damage, economic modeling at the community scale, and 
population dislocation analysis can be used to align infrastructure design with broader 
community resilience goals. His work underscores the importance of measuring resilience not 
just in terms of structural performance but also in terms of community recovery and stability.  

 
Casey Brown (Appendix B.2.1.2) from the University of Massachusetts Amherst followed with a 
presentation on resilient design methods for water infrastructure under conditions of deep 
uncertainty. He introduced stress testing and robust decision-making as alternatives to 
traditional design, where design loads for hazards are assumed to be stationary (i.e., historical 
hazard frequency and intensity patterns will continue into the future). Through case studies set 
in Iowa and San Francisco, he illustrated how scenario-based analysis can identify vulnerabilities 
and inform adaptive strategies without relying on precise climate forecasts. His presentation 
highlights the value of designing systems that are robust across many plausible futures, rather 
than optimized for a single predicted outcome.  
 
Erica Fischer (Appendix B.2.1.3) of Oregon State University addressed performance-based 
design methods, with a focus on wildfire resilience in the wildland-urban interface, a growing 
concern with intensifying wildfire behavior. She discussed the challenges of modeling wildfire 
hazards, particularly due to their nonstationary and human-driven nature. Her presentation 
emphasizes the need for performance-based design approaches that account for ember 
exposure, structural vulnerabilities, and the critical role of first responders. She also highlighted 
the importance of understanding how different community layouts, such as wildland-urban 
interface versus intermix zones, affect fire spread and mitigation strategies.  

 
Michelle Miro (Appendix B.2.1.4) from the RAND Corporation presented the Robust Decision 
Making (RDM) framework, a method for planning under deep uncertainty. She explained how 
RDM uses exploratory modeling and scenario discovery to identify strategies that perform well 
across a wide range of futures. Drawing on case studies from Lima, Peru, and U.S. water 
utilities, she showed how RDM can guide infrastructure investments and adaptive planning by 
focusing on performance vulnerabilities rather than future hazard and conditions predictions. 



NIST GCR 26-074 
July 2026 

  

 
 
 

8 

Her work demonstrates how RDM can help decision-makers navigate uncertainty while 
balancing cost, performance, and resilience.  

 
Kathryn Roscoe (Appendix B.2.1.5) of Deltares introduced the Dynamic Adaptive Policy 
Pathways (DAPP) approach, a planning method that helps communities sequence adaptation 
actions over time. Using a case study from Miami-Dade County, she illustrated how tipping 
points, monitoring indicators, and stakeholder engagement can be used to develop flexible, 
long-term strategies. She also shared insights from Dutch coastal planning, where DAPP has 
been used to manage sea-level rise and flood risk. Her presentation emphasized the 
importance of institutional readiness and the value of staged implementation to avoid 
maladaptation and stranded investments.  

 
The second set of presentations featured case studies that brought these technical concepts 
into real-world applications.  

 
Paul Schuman (Appendix B.2.1.6) of Simpson Gumpertz & Heger presented a detailed case 
study of the Charlestown Bus Facility in Boston, where adaptive flood protection was 
implemented to safeguard critical transit infrastructure. The project involved stabilizing a 
deteriorating seawall, improving drainage systems, and planning for future sea-level rise 
through a phased, embankment-based design. The team prioritized operational continuity and 
recovery time for flood prevention, incorporating features like tide gates and future-ready 
foundations for floodwalls should further flood protection be required in the future.  

 
Jack Hogan (Appendix B.2.1.7) of Arup shared a flexible adaptation pathways study for 
Honolulu, Hawaii, aimed at protecting transit-oriented development zones from sea-level rise. 
He outlined four conceptual strategies, with various combinations of hard infrastructure and 
nature-based solutions, and mapped out adaptive pathways. The approach helped city planners 
visualize decision points, tipping points, and long-term investment strategies, while also 
integrating cost-benefit analysis to support capital planning under uncertainty.  

 
Milad Roohi (Appendix B.2.1.8) from the University of Nebraska Lincoln described a resilience 
planning initiative in Salt Lake City using a community-facing app in the IN-CORE platform. The 
project focused on seismic risk from the Wasatch Fault and the vulnerability of unreinforced 
masonry buildings. By integrating engineering, economic, and social data, the team developed a 
community model to support decision-making and prioritize retrofit options. The community 
model allowed stakeholders to simulate different investment scenarios and evaluate their 
impact on building functionality, employment, and population displacement.  
 
Finally, Ariane Laxo of HGA (Appendix B.2.1.9) compared how robust decision-making and 
adaptation planning are applied at different project scales, from buildings to districts. She 
shared examples from California and Minnesota, illustrating how scenario planning, risk 
tolerance, and stakeholder engagement inform design strategies. Her work emphasizes the 
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importance of aligning resilience goals with sustainability and operational needs and 
demonstrates how even small-scale projects can benefit from structured adaptation planning.  

 Goals for Future State 

A panel discussion was held featuring two Chief Resilience Officers from South Florida: Dr. 
Jennifer Jurado, representing Broward County, and Rogelio Madan, from the City of Miami. 
Both speakers shared insights from their experience in implementing climate adaptation and 
resilience strategies in their respective communities. 
 
The conversation centered on the realities of resilience planning, moving beyond theoretical 
frameworks to address practical challenges and solutions. Panelists discussed the barriers to 
decision-making that local governments face, including funding limitations, regulatory 
constraints, and the difficulty of aligning short-term priorities with long-term resilience goals.  
 
Panelists stressed that these challenges require innovative approaches and strong collaboration 
among stakeholders. Examples of these key themes include planning practices that integrate 
resilience into urban development. The panelists underscored the need for community 
engagement and governmental cooperation to ensure that adaptation strategies are effective 
and equitable.  
 
The plenary provided participants with a deeper understanding of how South Florida 
communities are preparing for next-generation standards, the lessons learned from ongoing 
projects, and strategies for overcoming obstacles to resilience planning. 
 
Following the discussion about South Florida, the plenary session discussion focused on 
desirable and needed aspects of effective adaptation and resilience strategies, planning, and 
design approaches.  

The workshop participants envisioned a future design and regulatory environment where 
adaptation and resilience are at the forefront of civil infrastructure design and funding 
requirements with full support from infrastructure decision-makers. This vision includes 

• Next-generation guidelines, standards, and codes that will provide flexible pathways for 
adaptive design and compatible policy thresholds that enable resilient infrastructure 
outcomes for the community;  

• Regulations and requirements that local governments and decision-makers can employ 
with consistent funding and alignment of short-term priorities with long-term goals; 

• Engineers and design professionals with access to and understanding of the consensus 
and flexible design guidelines needed to consider broad, system-wide, adaptable 
approaches to resilient infrastructure design; and  
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• Project teams with the ability to systematically and fully engage stakeholders, including 
the community, in the adaptation design strategy to ensure long-term infrastructure 
resilience success. 
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3. Section 3: Discussion of Advancing Adaptation and Resilience 

This section includes summaries of the discussions that occurred in the breakout groups. The 
participants in the breakout groups discussed several prompts before agreeing on the research 
needs, which are summarized in Section 4. 
 

 Breakout 1 

Structural adaptation refers to modifying civil structures and infrastructure systems to withstand 
hazards and moderate potential damages from future extreme events. Adaptation may take two 
forms: New designs that are intentionally created to be adjustable to accommodate changes 
should future information indicate deficiencies in our projections of future hazards and methods 
for strengthening existing structures that were designed based on historic data that are found to 
be inadequate. Resilience refers to the ability of a structure, an infrastructure system, or an entire 
community to adapt to and rapidly recover from natural disasters.  
 
This report summarizes the discussion of breakout group 1. Topic 1 identifies missing 
information that could facilitate the implementation of adaptive designs and the adoption of 
resilience criteria in structural design processes. Topic 2 reviews issues that require additional 
research to address existing gaps in the state of the art. Section 4 provides the recommended 
research needs. 
  
TOPIC 1: What is needed to advance design practice and building standards? 
 
The information needed to help implement processes for structural adaptation and community 
resilience are categorized as (1) data needs, (2) procedures and methodologies, and (3) 
Guidelines.  
 
1. Data needs. 
 
Single Hazards. The main needs for developing structural adaptation strategies and 
implementing resilience criteria in design include reliable observed and recorded hazard data 
that engineers, planners, and decision-makers can depend on for infrastructure planning. 
Although ASCE 7-28 work is making progress on assembling future condition hazard data to 
develop design load maps that can be adopted in the upcoming edition of the standard, these 
data must be presented in readily accessible platforms and formatted in a manner that can be 
easily adopted for individual site-specific, performance-based design projects. The data must 
also include an assessment of their reliability and the levels of uncertainty associated with their 
use.  
 
Multihazards. Current standards focus on the effects of individual hazards, and load 
combination factors assume that loads are statistically independent events. A need exists to 
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assemble data for multihazard analyses and designs. Such data must include probability of 
simultaneous occurrences of two or more loads, or the occurrence of a sequence of multiple 
events and their compounding effects and the correlation among the intensities of the loads. 
This will help engineers develop plausible scenarios for design and safety assessment purposes.  
 
Structural Deterioration. Existing standards assume that structural members are well-
maintained and retain their original structural capacity over their intended service life. Data 
collection from structural health monitoring systems is needed to better account for the 
deterioration of structural materials over time and to understand the deterioration 
mechanisms and the factors that accelerate their degradation. Such real-time data are needed 
to verify the accuracy of analytical models and accelerated laboratory testing.  
 
Damage Assessment. Post-disaster data collection is important to help engineers better assess 
how historic designs are performing under actual extreme events. The data must be presented 
in a technical format to evaluate the accuracy of engineering analysis models rather than be 
solely meant for assessing losses for insurance purposes as is common. Structural engineering 
simulation and design processes are based on comparing analytical limit states; correlating 
these limit states with actual physical damage is important. This will help to quantify damage 
due to expected loads, improve the analysis and safety assessment of damaged structures, and 
conceive structural repair and functional recovery strategies. 
 
Cost Models. Decision-making processes require a clear assessment of the costs associated with 
each phase of a structure’s life cycle from the initial inception of the design; through 
construction; monitoring; maintenance; and repair, response, and damage due to various 
potential hazards; and until the dismantling and disposal of the structure. The cost data should 
account for tangible and intangible costs associated with the physical structure, including the 
costs to its owners and users and those incurred by the entire community in which it is located. 
This will provide answers related to return on investment (ROI) and inform benefit-cost and risk 
analysis processes that stakeholders, including engineers, developers, planners, and decision-
makers, rely on before embarking on a project or assessing the consequences of a disastrous 
event. 
 
2. Procedures and Methodologies  
 
Post-Disaster Performance. To better develop repair and functional recovery strategies after 
exposure to extreme events, we need to develop models that associate observed physical 
damage with structural performance and reduced load-carrying capacity of members and 
systems. Models that assess the effectiveness of common repair techniques in restoring or 
improving member and system capacities are also needed. Relating a particular damaged or 
repaired building’s performance to that of the entire community and its ability to recover is also 
important to ensure resilience. Issues related to ensuring population and industry stabilization 
following a disaster are also of concern. The post-disaster reconstruction of the response of 
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individual structures, portfolios of structures, and infrastructure systems after forensic 
engineering practices, but at a larger scale, would help verify existing analysis models and 
damage assessment procedures and inform future decision-making.  
 
Structural Health Monitoring (SHM). Engineers can benefit from information on the 
effectiveness of currently available health-monitoring and remote-sensing techniques in 
monitoring the performance of different types of structures over time and studying their long-
term degradation. Using SHM techniques after extreme events will help assess damage and 
provide valuable support for evaluating the safety and resilience of damaged structures and the 
response of communities to disastrous events. That information would alert decision-makers to 
the consequences of potential disastrous situations and help in preparing contingency plans. 
Developing modern artificial intelligence (AI) and machine learning (ML) tools for that purpose 
is of utmost importance to handle the large stream of data and interpret the collected 
information. These modern tools and techniques should eventually facilitate the development 
of digital twins for buildings and entire communities to enhance traditional modeling and 
simulation methods.  
 
Cascading Events. Design codes and standards focus on the performance of structures in 
response to individual events, although some consideration is given to the possible 
simultaneous occurrence of multiple, statistically independent events. The vulnerability of 
structures, systems, and communities that have been damaged by one event to other related 
or unrelated events is a concern. Community-level contingency planning for such eventualities 
is important for ensuring resilience.  
 
3. Guidelines 

 
Resilience-Based Design Pathway. An important need is for ASCE and NIST to provide risk-
informed decision-making methods that link current structural design standards and codes to 
the implications of extreme events on infrastructure systems and communities. This requires 
establishing notional measures for resilience and risk-based acceptance criteria. The approach 
must address requirements for different hazards and accommodate different types of projects 
of different scales, considering the size and characteristics of the population. This can be 
achieved by providing a decision pathway and associated tolerances and thresholds and criteria 
for acceptable outcomes that can be defined in a standard or model code that communities and 
jurisdictions can adopt and enforce. The model code should accommodate a performance-
based design (PBD) approach for decision-making at the regional development planning level 
and implementation of individual jurisdictions. The goal is to ensure a quick, full recovery from 
extreme events so that populations of various scales, ranging from the individual small owner 
to the developer to the entire community, understand the risks and the importance of 
compliance.  
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Application of Modern Tools. Assessing the resilience of structural systems and communities 
can greatly benefit from modern sensor technologies, image-processing techniques, and 
advanced computer tools such as AI and ML. In addition to incentivizing the deployment of the 
most advanced SHM technology that will help communities “monitor” the health of their 
infrastructure, guidelines are needed to explain how to deploy such tools and identify which 
ones are most effective for monitoring the damage that an extreme event may cause to the 
physical infrastructure and the event’s effect on community functionality and population 
response to disaster. Guidelines on how to deploy and collect SHM data will not only help in 
responding to the aftermath of a disaster but will also guide the development of digital twins 
that can be used for “stress tests” to measure the level of preparation for an eventual extreme 
event, to enable efficient decision-making when responding to an extreme event, and to build 
robustness in the infrastructure and plan adequate responses to potential future disasters.  
 
TOPIC 2: What are the next-generation research needs for adaptation and resilience?  
 
Incentives and Financial Planning. Owners and developers seek to minimize their initial costs by 
adopting minimum, code-specified design requirements for their projects. They tend to isolate 
their needs from those of the community unless required to do otherwise. Research is needed 
to investigate what financial, behavioral, tax, and policy-based incentives can effectively 
motivate developers and infrastructure owners to invest in incorporating project resilience 
criteria that align with community needs and long-term values. Can government tax and other 
incentives combined with nongovernment incentives through insurers and financers impose 
requirements and criteria that link a particular facility’s ROI to the community’s ROI? The 
research would provide mechanisms to highlight how the vulnerability of a particular building 
or structure would affect the community and how the structure’s owners and users will benefit 
from a community’s improved resilience, which would help maintain population and 
community stability. 
 
Decision-Making, Standards, and Design Guidelines. Creation of design approaches for 
adaptation, leading to standards, codes, and decision-support tools that integrate resilience 
into infrastructure planning across diverse stakeholders, is needed. The standards should 
include approaches applicable to designing adaptive individual projects and resilience decision-
making at community levels. The solutions should be tailored for implementation at different 
scales including state, local, owner, and individual levels.  
 
Resilient Design Support Systems. Due to the complex, multiscale nature of the problem, 
significant investment should be made to build support systems that allow engineers, planners, 
and decision-makers to efficiently follow appropriate resilience and adaptive design pathways. 
The development of appropriate software will create a consistent framework to help users 
navigate through multiple possible options and optimize the selection of cost-efficient 
adaptation strategies. Some effort has already been made in that direction. For example, the 
current version of Economic Decision Guide Software (EDGe$) provides a rational, systemic 
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methodology for selecting cost-effective, community-level alternative strategies for resilience 
planning. Furthermore, IN-CORE is a software platform for modeling the resilience of 
communities to natural hazards by using a risk-based approach to analyze how disasters affect 
a community’s physical infrastructure, economy, and social systems. The Federal Emergency 
Management Agency (FEMA) is currently developing a methodology (FEMA P-58) to estimate 
time to the re-occupancy and functional recovery of buildings following major earthquake 
damage (FEMA 2012). Extending the work of FEMA and linking the capabilities of IN-CORE and 
EDGe$ would constitute a powerful support system that will help owners, planners, and 
decision-makers to select the most optimum resilience-informed solutions.  
 
Hazard Data. Standardized, geographically targeted datasets that are consistent with design 
standards and codes are needed for use in resilience modeling and performance-based design. 
Existing datasets must be extended to address multihazard analysis needs for comprehensive 
resilience planning. ML, other advanced tools, and AI techniques should be leveraged to 
reconstruct missing data and build synthetic datasets. Data formatting and data reduction and 
quality assurance techniques are needed to verify data accuracy and reliability for adoption in 
simulations and resilience assessment.  
 
Measurement and Data Science. As listed under Topic 1, assessing project and community 
resilience requires (1) the availability of data and models related to future hazards; (2) the 
response of civil structures and infrastructure systems to these hazards; (3) the long-term 
degradation and immediate physical damage caused by various hazards; (4) the response of 
users and communities to disastrous events; (5) repair techniques and functional recovery of 
structures and of communities; (6) interdependencies of infrastructure systems; and (7) the 
costs involved in every phase of a structure’s or infrastructure system’s service life, including 
the deployment of advanced sensor technologies and health -monitoring systems that help 
collect and interpret all the necessary data. The application of deep learning and artificial 
intelligence tools can provide the means to classify, establish correlations, and represent such 
data in support of resilience decision-making. The goal is to advance, quantify, and measure the 
factors influencing community resilience outcomes and use measurement science to quantify 
trends and inform evidence-based guidelines. Such efforts would align well with the Office of 
Management and Budget’s Memorandum 25-34, which provides information for the fiscal year 
2027 federal research and development budget to prioritize investments in critical and 
emerging technologies that enhance the security and well-being of the U.S. population and the 
environment (OMB 2025). 
 
Understanding and Modeling of Recovery. The functional recovery of structures and 
communities after extreme events is a topic that receives less attention than other resilience-
related topics. Therefore, collecting, updating, and calibrating data and models for 
incorporating functional recovery of facilities, infrastructure networks, and communities and 
their interactions into resilience-informed design standards and tools should be considered an 
important topic for research. At this time, FEMA is developing a performance-based seismic 
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assessment methodology that quantifies a building’s performance after an earthquake by 
estimating potential damage, repair costs, repair time, life safety, and environmental impact for 
FEMA P-58. In a first step, researchers should investigate the adaptability of the FEMA P-58 
framework and other seismic functional recovery frameworks to other hazards. Those efforts 
must also be extended beyond the recovery of individual buildings and other structures to the 
multiple scales that allow for studying community recovery patterns and delineating the 
conditions that have historically facilitated the recovery of many communities when others did 
not. The enumeration and quantification of recovery factors can benefit from advanced 
measurement science to analyze historic trends and develop guidelines for the future. The 
research must also leverage remote-sensing technology and AI tools to quantify and classify 
building and infrastructure inventory, analyze previous damage, and encourage the deployment 
of necessary sensors to monitor the response to future events. Developing a full understanding 
of damage and recovery patterns will help the assessment of community resilience and will 
support the implementation of resilience-informed designs.  

 Breakout 2 

Breakout group 2 included experts from the private sector, academia, federal agencies, and the 
insurance industry who discussed the needs of structural engineering practitioners to advance 
design practice and building codes for adaptation and resilience and to identify and prioritize 
next-generation research requirements. In summary, advancing adaptation and resilience in 
structural design will require a combination of improved hazard data, advances in performance 
monitoring, a wider array of design methodologies and support tools, and continued research 
on future conditions. For the final list of top recommended priority needs from this breakout 
group, please see Section 4. 
 
Uncertainty. The participants noted that today’s design field is challenged by deep uncertainty. 
Engineers design for a wide range of hazards and criteria, but the information underpinning 
these criteria is based on historical hazard data and events. Designers require more current and 
forward-looking hazard maps and studies that capture present conditions and evolving risks, 
including but not limited to wildfire exposure, coastal wind hazards, sea-level rise, extreme 
precipitation, and compound flooding. Designers must also be able to quantify and address 
other nonstationary design considerations such as scour, erosion, groundwater salinity, and 
corrosion-related degradation. Currently available data for many of these hazards lack high-
resolution or future-condition datasets, particularly for extreme or sub-daily events, which are 
critical for structural design. 
 
Design Tools. The engineering community needs simplified and accessible tools, grounded in 
decision-making under deep uncertainty (DMDU), to address the gaps in hazard data. The 
participants noted that practitioners, especially those in communities with limited resources, 
need tools that are easy to use and understand. Such tools must be based on a common 
framework and capable of providing design values informed by future hazard projections.  
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PBD will be an essential tool for designer professionals to utilize in the future, particularly in 
environments with nonstationary and evolving hazards. Participants discussed the importance 
of expanding PBD beyond seismic and wind hazards, including ASCE’s recent initiative to 
develop PBD for flood-resistant design and other efforts aimed at defining clearer performance 
objectives. To support this effort, research is needed to develop fragility curves for structural 
and nonstructural systems, particularly mechanical, electrical, and plumbing components and 
architectural finishes, as these elements critically affect functionality and recovery. The 
participants noted that functional recovery research should be extended to all hazard types, not 
just seismic, and should incorporate considerations related to future hazard conditions and the 
existing building stock. 
 
A recurring point throughout the discussion was the discrepancy between observed 
performance and design assumptions. Some insurers have asserted that most flood insurance 
claims in recent flood events occur at properties outside of FEMA Special Flood Hazard Areas, 
which illustrates how current hazard maps fail to capture real risk. Research is needed to align 
first-hand observed hazard effects with design maps, improving the reliability of hazard 
characterization and reducing uncertainty. 
 
Building Performance Database. Participants identified the lack of a comprehensive database of 
building performance under extreme events as a significant gap in the industry. Such a 
database may consist of a national repository that documents failures and successes, including 
data on system degradation, nonstructural systems’ performance, and cost-benefit outcomes. 
The database would mirror the benefits seen in the seismic engineering community and give 
regulators, owners, and practitioners confidence in new design approaches. 
 
Adaptive Pathways. Durability and long-term building performance are important 
considerations. A potential conflict exists between the need for practitioners to design for long-
term or forward-looking conditions, such as corrosion in coastal foundations, and the reality 
that operations and maintenance play a significant role in determining building performance. 
These latter factors are typically under the purview and control of building owners and, in many 
cases, are beyond the practical reach of designers to address. Adaptive pathways or design 
strategies must be planned for future upgrades activated by well-defined triggers. Adaptive 
pathways should be integrated into PBD and potentially into future building codes and 
standards, especially given the uncertainty in future funding and hazard trajectories. 
 
Existing Buildings. When evaluating research needs for the next generation of standards and 
codes, participants noted the importance of addressing new and existing building stock. Existing 
guidelines and standards for other hazards, such as ASCE 41, Seismic Evaluation and Retrofit of 
Existing Buildings (2023),  could serve as a model for systematically addressing older buildings; 
however, much more research is needed to understand how future hazards will interact with an 
aging inventory of existing buildings and structures. 
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 Breakout 3 

During introductions, the participants shared the priority concerns they wanted to bring to the 
discussion: (1) understanding climate data needs and tipping points; (2) improving how people 
respond to climate hazard information; (3) bringing diverse approaches together into unified 
standards; (4) ensuring standards are implementable by practitioners; (5) standardizing 
uncertainty communication; (6) incorporating time factors in life-cycle performance; (7) having 
data to support code adoption and enforcement; (8) developing common hazard and risk 
language across disciplines, particularly for wildfire; and (9) creating structures that can adapt 
to unknown situations. The final session focused on consolidating topics into priority research 
areas. Section 4 lists the top six priorities put forward by this breakout group. 

Future Hazards. The session began with a discussion of practical hazard data needs, with the 
specific example of the difficulty in obtaining flood depths at multiple recurrence intervals (100-
, 500-, 750-, and 1,000-year events) at any location, with time horizons of 25 to 50 years or 
longer for infrastructure planning. This established a theme of data needs for changing 
conditions that informed the rest of the discussion.  

Snow and ice hazards were also mentioned as needing more data, particularly for rail 
infrastructure and bridges, which lack climate projection data for these types of extreme 
events. While this type of  hazard primarily informs operational (versus structural) 
specifications such as speed reductions, forward looking extreme hazard data for rail 
infrastructure do not exist. 

The group identified wildfire as a particularly challenging hazard due to the large uncertainty in 
climate and wildfire impact modeling and multiple contributing factors (ignition sources, land 
use and development, climate factors). One practitioner noted that planning for future wildfire 
felt like “throwing darts at a wall” due to the uncertainty. The critical need for improved 
wildfire hazard categorization was discussed, noting the lack of intensity scales and a common 
language and vocabulary on wildfire type. As recent events illustrate, a distinction needs to be 
made for wind-driven fires relative to other types. The importance of emerging in situ sensing 
technology for monitoring structures during wildfire is seen as a promising advance in 
characterizing wildfire risk to structures. Current satellite remote sensing is too infrequent to 
capture even community-level fire impacts on the time scale of rapid fire spread. Such 
characterization would improve communication with individuals and communities to help them 
understand the impacts of different fire scenarios and their probabilities.  

Performance-Based Design. The topic then shifted to the benefits of nonprescriptive, 
performance-based standards rather than prescribed methods, allowing flexibility in adaptation 
approaches. Prescriptive approaches may apply to new construction but create challenges for 
retrofits. They may also stifle innovation. For better flexibility in design, the focus should be on 
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performance requirements rather than the specific means of achieving them. However, trade-
offs were noted and discussed later in the breakout session.  

Risk Reduction. The group raised the topic of operational versus physical measures to reduce 
risk. Operational measures, such as speed reductions on rail lines or changes in other 
operational protocols, rely on adequate warning time to implement those changes and the 
availability of resources to implement them given those lead times. This led to debate about 
passive versus active mitigation: whether structures should rely on human intervention (active) 
or built-in protection (passive). Passive measures for wildfire include the use of fire-resistant 
materials, impact-resistant glazing, and self-activating barriers, whereas active measures might 
include firefighting resources, manual shutters, and passive measures for flood risk include 
deployed flood barriers. The distinction between active and passive measures may not be 
clean, as illustrated by automated sprinklers or other fire suppression systems that may 
potentially fail. At the community level, the viability of active measures depends strongly on the 
community’s capability and resources and can vary widely among neighboring communities.  

Life-Cycle Management. Finally, the time dimension was raised as a concern, emphasizing how 
resilience depends not only on the changing hazard level but also on when hazard events occur 
relative to system conditions, maintenance schedules, community resource availability, and the 
lifetime of the structure. 

Adaptive Design. The session resumed with deeper exploration of what would be needed to 
operationalize adaptive design. The group delved into prescriptive versus nonprescriptive 
approaches, noting the balance needed between the two—prescriptive measures help to justify 
costs to clients as they are required, but they also limit design flexibility. Discussion evolved 
toward a tiered approach, similar to that used in seismic design, where prescriptive baselines 
exist, but performance-based alternatives are available for qualified engineers working with 
knowledgeable communities. 

The conversation then moved toward discussing critical liability concerns for engineers 
designing for nonstationary hazards and future implementations of adaptative designs they 
cannot control once buildings are turned over to owners. This could be a possible barrier to the 
adoption of adaptive design. Liability currently (typically) extends for seven years post-design, 
but this assumes stationary hazards. A primary question raised is “How will engineers’ standard 
of care need to evolve under a changing climate?” This question may ultimately be decided 
outside the engineering profession, perhaps by insurers’ comfort with an engineer stamping 
and sealing adaptive designs. 

Resilience. The group grappled with community resilience, with an overriding desire for 
developing guidelines that integrate community-scale resilience into individual projects for the 
practicing engineer. Community capacity assumptions are critical. Wildfire research has found 
that risk calculations are invalid without considering firefighting resources, which correlate with 
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social vulnerability. These capacity issues extend beyond wildfire. More generally, what are 
engineers assuming about the operational agencies and resources available through the full 
disaster cycle? Likewise, the balance between passive versus active measures depends on 
community capacity and warning systems. Critical infrastructure, such as electrical utilities, 
should prioritize passive protection, but research is needed into how this would be 
accomplished and what would be most effective.  

Multiple community preferences create challenges when projects span multiple communities 
with different vulnerabilities and resilience objectives. Rail projects passing through 70 km may 
cross diverse communities—how do practitioners balance comprehensive assessment versus 
minimum requirements focused on the most vulnerable communities given budget constraints? 
Research needs to develop guidelines for integrating community resilience into projects when 
multiple communities have conflicting preferences and resource limitations. Finally, spatial and 
governance scales matter. Authorities managing 100 bridges face different decisions than those 
managing a portfolio of 100,000 bridges. Scale affects decision-making processes and resource 
allocation. 

The group then turned to how to achieve resilience with limited resources. In particular, the 
group discussed the trade-off between investing in resistance (to a hazard) and recovery 
(following a disaster) given limited community resources and the challenge of ensuring adaptive 
strategies persist through changing governance. The temporal perspective was expanded, with 
discussions about intergenerational resilience and the need for life-cycle frameworks extending 
beyond traditional planning horizons to support resilience. This part of the discussion also 
emphasized the need to understand the benefits of designing for resilience so that standards 
are adopted into codes and then enforced. These social and economic factors were seen as 
sufficiently critical that the group decided to include the “business case,” interpreted broadly to 
include social and economic benefits, as a sixth priority need.  

Other Considerations. While the group successfully crystallized six priority research areas for 
adaptive design methods, several important themes for additional considerations emerged 
during discussions that warrant attention from the research community, which include the 
following.  

Modeling, Monitoring, and AI. The rapid advancement of artificial intelligence and digital twin 
technologies presents opportunities and uncertainties for adaptive design. The mention of 
digital twin technology sparked a lively discussion with the full workshop audience noting 
examples where tech companies are already offering this. AI-driven simulation and digital twins 
could be “game changers” for future climate planning, enabling real-time scenario projection 
and structural adaptation. However, the group recognized that research is needed to 
understand which technologies can be reliably incorporated into resilience planning and which 
may introduce unacceptable vulnerabilities or errors. This technological dimension cuts across 
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all hazard types and design approaches, suggesting the need for frameworks to evaluate and 
integrate emerging tools into professional practice. 

Structural health monitoring emerged as a potentially transformative capability for adaptive 
design, particularly in contexts where real-time data could inform operational responses. The 
discussion revealed dual applications: quantifying actual structural demands during hazard 
events to validate design assumptions, enabling structures to become “active responders” 
through automated systems. For hazards like wildfire where field data are scarce, embedded 
sensors could provide critical information about thermal loads, smoke infiltration, and 
structural response. However, questions remain about the reliability, maintenance, and long-
term viability of sensor networks in harsh environments. 

Maintenance and Operational Procedures. The role of maintenance and operational protocols 
in adaptive strategies surfaced repeatedly. Unlike traditional design approaches that focus on 
initial construction, adaptive methods require sustained attention to operational measures 
throughout a structure’s lifespan. This includes developing protocols that can evolve with 
changing hazard profiles, training requirements for facility managers, and integration with 
community emergency response systems. The challenge intensifies when considering that 
operational knowledge must transfer across multiple generations of owners and operators. 

Spatial Scale and Network Effects. While individual building resilience dominated discussions, 
participants recognized that many critical infrastructure systems operate as interconnected 
networks, where spatial relationships fundamentally affect vulnerability and adaptive capacity. 
Adaptive strategies must account for portfolio effects, a cascade of failures, and system-wide 
optimization and/or disruption. This network perspective becomes particularly important for 
linear infrastructure like transportation and utilities that span multiple hazard zones and 
jurisdictions. 

 Breakout 4 

Discussions in breakout group 4 centered on the limitations of current codes in addressing 
dynamic problems; the essential need for multidisciplinary integration; and the prioritization of 
research to create actionable, implementable guidelines for the engineering community. 
Participants emphasized a need to consider how to shift toward PBD and the necessity of 
incorporating time-dependent capacity changes, future climate effects, and community-specific 
risks into updated codes and standards. Section 4 provides the final list of recommended 
research priorities. 
 
While much research supporting code and standard development has been completed over the 
past two decades, it has been premised on time-invariant load and resistance. Yet, different 
material degradation mechanisms affecting structural resistance impact infrastructure; these 
mechanisms increase at higher temperatures, for example, the corrosion rate of reinforced 
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concrete structures, or the rate of chloride ingress with respect to increasing deicing salt or 
saltwater. Earlier workshops considered nonstationary loads; however, structural resistance is 
also nonstationary, introducing more complexity to the design problem.  
 

TOPIC 1: What is needed to advance design practice and building standards? 

Change in Design Philosophy. The adaptation paradigm needs to change from being the 
preserve of well-financed and complex structural designs within the purview of a limited 
number of design professionals, to being practical and applicable to common structures. This 
would be supported by a change in design philosophy that allows flexibility in future designs to 
incorporate future adaptation measures, rather than incurring significant retrofitting efforts 
and costs to accommodate changes in future conditions. Current design codes do not facilitate 
dealing with the dynamic problems posed by nonstationary loads or deep uncertainty about 
future conditions. 
 
Introducing future climate  in typical prescriptive code has many challenges due to the 
complexity, deep uncertainties, and potential increase in construction cost. Performance-based 
design might be an optional approach to address some of the requirements but might limit the 
design for certain applications and types of structures and mainly deal with the probability of 
failure of structural members. 
 
The role of private-public partnerships should be further explored. These partnerships can play 
an important role in building community resilience for infrastructure systems. Horizontal 
infrastructure often has much longer, continuous ownership that benefits from public-private 
partnerships, unlike vertical infrastructure, for example, commercial buildings, which might 
change ownership multiple times. 
 
Time-Dependent Capacity and Dynamic Problems. Participants identified several key areas 
where current codes and standards fall short and proposed solutions to better incorporate 
resilience and adaptation: 

• Time-invariant assumption: Current codes assume that the capacity of structures is time 
invariant and do not account for the potential acceleration of material degradation 
mechanisms. Monitoring and assessment of changing rates and mechanisms of 
degradation affecting resistance and structural capacity are needed. 

• Static codes versus dynamic problems: The static nature of design codes cannot 
effectively deal with the dynamic problem of adapting a structure to accommodate 
future conditions at different points of its design life (e.g., dynamic adaptive pathways). 
A fundamental design philosophy change is required to accommodate flexibility in 
design and routine monitoring and inspection for future adaptation measures. Adaptive 
design processes need to be supported by the different scenarios that may be 
encountered during the lifespan and operation of the structure and infrastructure. 
Participants recommended the adoption of an “adaptation plan” at the design stage, 
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incorporating some of these assumptions, that can be revisited at frequent intervals and 
shared with future owners and/or occupiers.  

• Functionality expectations: Resilient-based design is inherently tied to functionality 
expectations of the built world and is thus difficult to codify. An open research area 
relates to understanding the minimum level of structural functionality tied to 
community perceptions and public expectations and the applicability and affordability 
of such criteria to various communities.  

• Code updates and guidelines: This was another of the key areas, containing discussions 
on PBD, specific guidelines, supporting activities, and risk metrics. 

o PBD: PBD could provide an opportunity to accommodate adaptive design 
practices. However, an overarching code or guideline needs to relate PBD for 
specific hazards to climate adaptation and resilience principles. Individual PBD 
guidelines for specific hazards, for example, flood, wind, or fire, could follow 
those already established for performance-based seismic design. PBD also needs 
to look beyond simple failure and consider risk, fragility of the infrastructure, and 
the failure of the network. 

o Specific guidelines: Even with the suggested shift to PBD, a need remains for 
prescriptive documents for common engineering practices that do not require 
advance analysis. Also, professional knowledge should be embedded in asset 
documentation to ensure that owners are aware of resilience measures and 
assumptions and that these persist for the life of the building regardless of 
ownership life cycles. 

o Supporting activities: The Canadian Highway Bridge Design Code was released in 
July 2025 and introduced design for bridges corresponding to a 2 °C global 
warming level over 75 years of design life. The National Building Code of Canada 
2025 was published in December 2025 and included future condition design 
loads for wind and snow. The next step is to address changes in capacity arising 
from temperature-driven acceleration in degradation. 

o Risk metrics: The discussion highlighted the need to move beyond traditional 
failure-based metrics toward a more holistic understanding of risk and resilience 
that integrates exposure, vulnerability and consequence metrics. Resilience 
indices, analogous to reliability indices, could enable practitioners to quantify 
and incorporate community-level functionality and economic impacts into 
structural design. Monitoring, inspection, and maintenance protocols were also 
identified as critical components of long-term resilience. 

TOPIC 2: What are the next-generation research needs for adaptation and resilience? 

Hazards. The next generation of hazards research should focus on flooding, wildfire, tornado, 
and extreme weather with a very low probability of occurrence. Also worth exploring are 
alternative failure paths to reduce induced loads, such as from flooding. For example, concepts 
such as graceful failure thinking could be adopted to mitigate risk and to support community-
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scale adaptive pathways. Designs should consider not only the specific structure but also its 
impact on neighboring structures at the community level and avoid maladaptation. A shared 
database on community impacts is needed to evaluate and assess the consequences of failure, 
including the social impact, and the probability of failure.  
 
Resilience. Achieving climate-adaptive and resilient infrastructure requires multidisciplinary 
collaboration. Engineers must work alongside climate scientists, economists, social scientists, 
urban planners, insurers, and policymakers. The breakout group stressed the importance of 
aligning technical design with community priorities, risk appetites, and social definitions of 
resilience. This approach ensures that infrastructure not only withstands hazards but also 
supports essential community functions during and after disruptive events. Research informed 
by economists will enable financial considerations to be incorporated into codes and help 
minimize the influence of special interest groups seeking to prevent code adoption. 
 
An overarching code, beyond ASCE/SEI 7-22, might be needed to coordinate the 
multidisciplinary subjects and multifaceted design requirements, including but not limited to 
minimum loads for structural design. American Association of State Highway and 
Transportation Officials standards, which cover multiple infrastructure components, could serve 
as a model for a single, comprehensive document. 
 
Existing Buildings. In the near term, the behavior and load capacity of existing buildings, which 
make up the majority of the building stock, must be understood. Research is needed to 
understand the real capacity and redundancy of existing buildings that do not comply with 
current codes, as this will both inform retrofitting strategies and support assumptions about 
current and future loads and capacity. Anticipating increasing loads under future conditions, 
knowledge on how existing buildings perform in response, is limited. More research and 
development are needed to measure, collect, and establish a large database of the 
performance of existing structures. This may be achieved through the support of private-public 
partnerships. Monitoring and maintenance need to be planned in the adaptation strategy to 
mitigate deterioration risks. Criteria built into property sales for the clear transfer of residual 
risk and necessary maintenance could be beneficial and could serve as a mechanism to engage 
with the insurance industry. AI could also be leveraged to pool environmental and 
performance-monitoring data and translate such information into structural design 
requirements.  
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4. Section 4: Recommendation of Research Needs 

In their discussions, each breakout group identified the top five priority items and/or research 
needs to address the next-generation goals for adaptation and resilience. 

 Breakout 1  

Breakout group 1 discussed five priorities to incorporate tools, data, and models into policy and 
actionable design:  

• Incentives and Financial Mechanisms. Investigate how financial, behavioral, and policy-
based incentives can effectively motivate infrastructure owners to invest in resilience 
that aligns with community needs and long-term value; 

• Decision-Making, Standards, and Design Guidelines. Create design approaches for 
adaptation, leading to standards, codes, and decision-support tools that integrate 
resilience into infrastructure planning across diverse stakeholders; 

• Design-Ready Hazard Data. Establish standardized, geographically targeted datasets 
that are consistent with design standards and codes for use in resilience modeling and 
performance-based design;  

• Quantification through Measurement Science. Advance, quantify, and measure the 
factors influencing community resilience outcomes and use measurement science to 
quantify trends and inform evidence-based guidelines; and 

• Understanding and Modeling of Recovery. Develop, update, and calibrate data and 
models for incorporating functional recovery of facilities, infrastructure networks, and 
communities and their interactions into resilience-informed design standards and tools. 

 Breakout 2  

Breakout group 2 priorities focused on addressing tools and research to better address design 
issues, including uncertainty, adaptative pathways, building performance, future hazards, and 
functional recovery:  

• Uncertainty in Design. Research to identify and reduce uncertainties to better define 
future hazard levels for design. This includes characterizing deep uncertainty, improving 
hazard projections, reconciling modeled and observed risk, and understanding 
multihazard interactions and material degradation. 

• Adaptive Design. Research to develop methodologies for adaptive pathway designs, 
including integration of multihazard scenarios, development of fragility curves, 
modeling of system degradation, and incorporation of these methods into PBD 
frameworks. 

• Building Performance Database. Development of a database of actual building 
performance under extreme events, capturing failures and successes and including cost-
benefit analyses and metrics that reflect structural, nonstructural, operational, and 
social outcomes. 
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• Future Hazards. Development of simplified, accessible tools based on a common hazard 
and design framework, enabling practitioners and building owners to evaluate future 
risk conditions and derive appropriate design values, even in communities with limited 
technical capacity. 

• Functional Recovery. Extension of functional recovery research across all hazards and for 
new and existing buildings, ensuring that performance objectives reflect not only life 
safety but also building operability and community resilience under future hazard 
conditions. 

 Breakout 3  

Breakout group 3 focused on hazard characterization, scaling of risk and resilience design 
parameters between project and community levels, and prescriptive versus performance-based 
design trade-offs:  

• Hazards. Improve and standardize the characterization of current and projected hazard 
levels, including metrics and indicators for implementing adaptive strategies over time, 
in particular for hazards not included in available climate projections (such as hail), 
emerging hazards (such as wildfire), and multiple annual exceedance probabilities 
beyond those usually provided. 

• Scaling of Risk and Resilience. Improve understanding of preferences around risk and 
resilience from individual to community levels and the implications for practical 
engineering design at the project scale. Specific needs include designing for multiple risk 
and resilience preferences, creating scalable solutions from community-led resilience 
efforts, and considering resilience in the full disaster cycle including testing assumptions 
about community capacity.  

• Prescriptive versus Performance-Based Design Trade-Offs. Investigate the conditions 
under which prescriptive or performance-based approaches are preferred and their 
relative benefits and trade-offs for adaptive building design, including understanding the 
risk of locking in obsolete technological solutions, and the ability of prescriptive 
methods to handle multiple options. As an illustration, requirements could be 
developed for early warning times or response times as part of active solutions for 
different hazards and building types.  

• Wildfire Adaptive Design. Support broad-based research to inform adaptive design for 
wildfire including better hazard characterization (common descriptive language, 
intensity metrics, etc.) and better quantification of demands on structures through real-
time structural health monitoring and improved sensor technology.  

• Barriers to Adaptive Design. Improve understanding of the legal, political, and policy 
challenges and barriers to implementation of adaptive strategies over time and the 
implications for engineers’ liability and standard of care under nonstationarity and deep 
uncertainty about future conditions. Determine how best to design for adaptive 
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measures when the owner(s), not the engineers, are responsible in the long term. Are 
standards and practices formulated so that design professionals can be confident in 
signing and sealing given uncertainty over project lifespan?  

• Resilience. Determine the benefits of resilience to improve the likelihood of adoption 
into codes and standard development. Examples discussed included economic analysis, 
insurability, role of public-private partnerships, and allocation of resources across 
different elements of resilience (for example, resistance versus recovery), and life-cycle 
analysis of long-term (intergenerational) resilience. 

 Breakout 4  

Breakout group 4 discussed improvements to data, frameworks, and collaboration to reach 
future goals in adaptation and resilience:  

• Structural Capacity Degradation. Integrate time-dependent structural capacity 
degradation with nonstationary load effects into a reliability-based design standard; 

• Performance-Based Design. Develop performance-based design approaches for hazards 
not currently addressed (e.g., fire and flood), while maintaining minimum design 
standards for common or small-scale projects; 

• Economic Impacts. Incorporate risk, financial, and consequence metrics—including 
exposure and vulnerability—into design frameworks to enable assessment of the 
economic impacts of failure; 

• Multidisciplinary Approach. Foster multidisciplinary collaboration and integration, 
including community-driven priorities and social definitions of risk and resilience; and 

• Data Analytics with AI. Leverage AI to analyze historical hazards and past building 
performance to inform performance-based design and predict future loads and 
structural behavior. 
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5. Section 5: Analysis of Research Needs 

Following the breakout sessions, the workshop participants reconvened and reviewed the 
recommended research needs from each breakout session. Along with the review, the 
participants engaged in robust discussions about the identified research needs, noting some 
duplication. As the workshops progressed, the WSC noticed the emergence of several themes 
that were aligned with, but not quite identical to, the focus of the specific workshop. 
Consequently, the WSC reviewed the prioritized research needs and indexed each according to 
the themes identified below.  
 

 Prioritized Research Needs Indexed to Themes   

A summary discussion of results is useful for understanding the scope and complexity of the 
workshop topic. In general, the workshops were designed to build upon each other and 
progress the participants’ thinking and understanding of the research needs. While each 
workshop focused on a specific aspect of overall need, each workshop yielded meaningful 
discussions in several areas. In review of the results, six themes emerged and the research 
priorities identified were aligned with the themes to consistently organize all topics across all of 
the workshops. The following briefly describes these themes. 
 
1. Future Hazard Data and Information. Development of up-to-date, scientifically credible and 

fit-for-purpose, future-ready hazard data frameworks that are scientifically robust, 
transparent, and directly usable in engineering and planning decisions. Identifies future 
hazard datasets and associated information, including projections and their uncertainties, 
that are needed for future engineering design criteria. 
 

2. Future Load Effects and Infrastructure Conditions. Advancement of load characterization 
under future conditions, infrastructure performance modeling, and structural capacity 
assessments that explicitly account for future climate, nonstationarity, and evolving built-
environment conditions. The aim is to enable reliable, transparent, and forward-looking 
load and infrastructure condition assessments that support resilience modeling, code 
development, and risk-informed engineering decisions under future conditions. 

 
3. Design Guidelines, Criteria, and Tools. Modernization of design guidelines, criteria, and 

engineering tools to explicitly address nonstationary hazards, future climate conditions, and 
time-dependent infrastructure performance. Translates evolving climate science and 
infrastructure performance knowledge into practical, transparent, and flexible design 
guidelines that support resilient infrastructure under future conditions. 

 
4. Resilience and Adaptation. Advancing resilience- and adaptation-focused engineering 

frameworks that move beyond prescriptive design toward performance-based, risk-
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informed, and decision science–based approaches suited for future conditions. The aim is to 
enable transparent, scalable, and socially informed adaptation strategies that support long-
term infrastructure performance and community resilience under evolving climate and risk 
conditions. 

 
5. Planning and Design Frameworks. Evolution of engineering practice toward risk-informed, 

adaptive, and life-cycle-based decision frameworks capable of addressing nonstationary 
hazards and long-term climate uncertainty. Includes research needs to align engineering 
design, planning, and code development with long-lived infrastructure performance, 
community resilience outcomes, and evolving societal risk preferences under future 
conditions. 

 
6. Codes and Standards. Modernization of codes, standards, and design philosophies to 

reflect system-level risk, nonstationary hazards, and long-term infrastructure performance 
under future climate conditions. Enables adaptive, evidence-based codes and standards that 
support resilient infrastructure, informed decision-making, and timely adoption of best 
available knowledge. 

 
The final outcome is the list of research needs indexed according to the six themes identified by 
the WSC (Table 5-1). Note that the list of research needs are those prioritized by the workshop 
participants, but the list is not in priority order. Additional details from each breakout group, 
along with preliminary indexing, are provided in Appendix A. 
 
Table 5-1. Priority Research Needs Identified by the Workshop Participants Indexed across Six 
Themes * 

Topic 

Future 
Hazard Data 

and 
Information 

Future Load 
Effects and 

Infrastructure 
Conditions 

Design 
Guidelines, 

Criteria, and 
Tools 

Resilience 
and 

Adaptation  

Planning and 
Design 

Frameworks 

Codes and 
Standards 

Investigate how 
financial, 
behavioral, and 
policy-based 
incentives can 
effectively 
motivate 
infrastructure 
owners to invest 
in resilience that 
aligns with 
community needs 

  2 1   



NIST GCR 26-074 
July 2026 

  

 
 
 

30 

and long-term 
value.  

Create design 
approaches for 
adaptation—
leading to 
decision-support 
tools, design 
guidelines, 
standards, and 
codes—that 
integrate 
resilience into 
infrastructure 
planning across 
diverse 
stakeholders.  

  2 1   

Establish 
standardized, 
geographically 
targeted datasets 
that are 
consistent with 
design standards 
and codes for use 
in resilience 
modeling and 
performance-
based designs.  

2 1  2  3 

Identify, quantify, 
and measure the 
factors 
influencing 
community 
resilience 
outcomes and 
use measurement 
science to 
establish trends 
and develop 
evidence-based 
guidelines.  

   1 2  
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Develop, update, 
and calibrate data 
and models for 
incorporating 
functional 
recovery of 
facilities, 
infrastructure 
networks, and 
communities and 
their interactions 
into resilience-
informed design 
standards and 
tools.  

  1 2  3 

Research to 
identify and 
reduce 
uncertainties to 
better define 
future hazard 
levels for design.  

 1 2    

Research 
associated with 
developing 
methodologies 
for adaptive 
pathway designs 
including 
multihazards, 
fragility curves, 
system 
degradation, and 
implementation 
in performance-
based design.  

 2 2 1   

Develop a 
database of 
actual building 
performance 
(failures and 
successes) under 
extreme events 
including cost-
benefit analysis.  

 2 1    
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Develop 
simplified tools 
based on a 
common 
framework and 
accessible data to 
define future 
hazard risks and 
provide design 
values to 
practitioners and 
building owners 
for 
implementation 
on projects.  

   1 2  

Extend functional 
recovery research 
for current and 
future hazards for 
new building 
design and 
existing buildings.  

  2 1   

Improve and 
standardize the 
characterization 
of current and 
projected hazard 
levels, including 
metrics and 
indicators for 
implementing 
adaptive 
strategies over 
time.  

1   2   

Improve 
understanding of 
how preferences 
around risk and 
resilience scale 
from individual to 
community and 
the implications 
for practical 
engineering 

   1 2  
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design at the 
project scale.  

Investigate the 
conditions under 
which 
prescriptive or 
nonprescriptive 
approaches are 
preferred, their 
relative benefits, 
and trade-offs for 
adaptive building 
design.  

   1 2  

Support broad-
based research to 
inform adaptive 
design for 
wildfire.  

  2 1   

Improve 
understanding of 
the legal, 
political, and 
policy challenges 
and barriers to 
implementation 
of adaptive 
strategies over 
time.  

  2 1 3  

Integrate time-
dependent 
structural 
capacity 
degradation with 
nonstationary 
load effect.  

  2 1 3  

Develop 
performance-
based design 
where 
appropriate for 
hazards such as 
fire and flood 
that are not 

  2 1 3  
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already 
addressed while 
maintaining 
flexibility for 
minimum design 
code on smaller 
projects.  
Incorporate risk 
and resilience 
metrics into 
current design 
frameworks to 
enable 
consideration of 
exposure and 
vulnerability and 
assessment of the 
economic impacts 
of failure.  

   2 1  

Foster 
multidisciplinary 
collaboration and 
integration that 
includes 
community-
driven risks and 
priorities.  

   1 2  

Leverage existing 
hazards and 
building 
performance data 
to inform 
performance-
based design and 
incorporate 
better translation 
of existing 
research into 
design practice.  

  1 2   

Understand the 
benefits of 
resilience to 
improve 
likelihood of 
adoption into 

   1 2 3 
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codes so that it 
can be 
incorporated into 
standard 
development up 
front.  
*Table Key:  
 1 = Primary research need 
 2 = Secondary research need 
 3 = Related research need 
 

 Discussion of Results 

 
Workshop 4 on adaptation and resilience convened researchers and practitioners to explore 
how climate adaptation and resilience can be more effectively integrated into future codes and 
standards. The workshop covered emerging decision-making frameworks for nonstationarity 
and uncertainty (e.g., decision scaling, robust decision-making, and adaptive pathways), 
showcased real-world case studies applying flexible and adaptive design approaches, and 
examined barriers faced by communities and practitioners. Through plenary discussions and 
facilitated breakout sessions, participants identified gaps in current practice; outlined next-
generation research needs; and defined the prioritized research directions necessary to 
advance adaptive, resilient design guidelines, standards, and codes. 

5.2.1. Future Hazard Data and Information 

Priority research in this theme focuses on the critical challenge that future hazard information 
needed by engineers and planners is not readily available. Specifically, the focus is on improving 
how future hazards are described, quantified, and shared, especially as climate conditions 
continue to change. This includes developing consistent, regionally relevant datasets that 
reflect nonstationary conditions, compound hazards, and extremes. The workshop participants 
emphasized the need to better integrate observations, historical records, and climate model 
projections into datasets that are transparent, reproducible, and usable for design. Other topics 
build on this foundation by addressing how hazard data are processed, maintained, and 
accessed over time. Creation of benchmark datasets for testing models, defining minimum data 
requirements for different hazard applications, and improving documentation were also 
identified. Topics include new ways to represent hazards, for example, by expanding the use of 
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remote-sensing and novel monitoring techniques, improvement of methods to represent 
interacting hazards, and the development of visualization tools to benefit the practitioners. 

5.2.2. Future Load Effects and Infrastructure Conditions 

Topics in this theme focus on how changing hazards actually translate into stresses on 
infrastructure. While future hazard projections are becoming more common, understanding 
how those hazards convert into loads remains unclear. Priority topics include improving 
methods to estimate future hydraulic, hydrologic, wind, wave, and thermal loads, and 
understanding how these loads interact with aging infrastructure and evolving environmental 
conditions. They also address infrastructure condition and performance. These research needs 
address how deterioration, maintenance practices, and retrofits influence vulnerability under 
future hazards. The group also strongly emphasized monitoring and inspection, which include 
the development of better ways to track how infrastructure capacity changes and how that 
information can be incorporated into performance assessments and design decisions. 

5.2.3. Design Guidelines, Criteria, and Tools 

The topics in this theme include developing clear methodologies that translate complex climate 
and hazard data into design criteria, performance targets, and decision thresholds. They include 
tools that are transparent and explainable, helping engineers understand why a particular 
result is produced rather than treating models as black boxes. In addition, topics include 
standardizing workflows, promoting open-source and interoperable tools, and providing clarity 
on model selection and assumptions. Improving communication around uncertainty and 
limitations is also a key theme, helping practitioners make informed choices rather than 
defaulting to overly conservative approaches.  

5.2.4. Resilience and Adaptation 

Research topics in resilience and adaptation focus on designing under nonstationarity. These 
topics emphasize adaptive design frameworks that account for uncertainty, evolving risk, and 
long time horizons. They include how to define triggers, thresholds, and pathways for 
adaptation, ensuring infrastructure can perform acceptably today while remaining flexible for 
future conditions. The group also strongly emphasized incorporating economic, institutional, 
and behavioral considerations. Other topics expand to systems and communities by 
understanding how interconnected infrastructure behaves under future conditions, evaluating 
trade-offs among adaptation strategies, and developing metrics that capture resilience benefits 
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over an asset’s full life cycle. In addition, life-cycle cost analysis and benefit-cost frameworks 
play an important role. 

5.2.5. Planning and Design Frameworks 

The topics in this theme focus on integrating science, engineering, and decision-making. They 
include systems-based approaches that account for spatial risk patterns, infrastructure 
interdependencies, and interactions between natural and built systems. A key theme is co-
production, working with agencies, practitioners, and communities to ensure frameworks are 
practical, credible, and aligned with real planning needs. Selected topics also address how 
planning processes can better incorporate future information, which may include using 
scenario-based planning methods and clarifying how climate projections should be used in 
investment and regulatory decisions. 

5.2.6. Codes and Standards 

Research topics related to codes and standards focus on ways to introduce flexibility into the 
code development process, including interim requirements, supplements, and performance-
based alternatives that can be updated more rapidly without undermining consistency or 
enforceability. Establishing clear pathways from research findings to code provisions is 
identified as a central need. These research areas focus on clarifying roles among researchers, 
standards bodies, industry groups, insurers, and regulators, and ensuring requirements are 
communicated clearly and applied consistently across jurisdictions. 

 Summary 

Across all six themes, the research priorities consistently point to the need for better 
integration, connecting future hazard data to loads, infrastructure performance, design tools, 
planning frameworks, and codes. Together, these topics outline a research agenda that not only 
advances scientific understanding but also provide guidelines for the development of the 
practical foundations needed to design, manage, and adapt infrastructure in an uncertain and 
changing climate. 
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6. Section 6: Acronyms and Abbreviations 

AI   Artificial Intelligence 

ASCE   American Society of Civil Engineers 

DAPP   Dynamic Adaptive Policy Pathways 

EDGe$  Economic Decision Guide Software 

FEMA   Federal Emergency Management Association 

IN-CORE Interdependent Networked Community Resilience Modeling  
Environment 

ML   Machine Learning 

NIST   National Institute of Standards and Technology 

PBD   Performance-Based Design 

RDM   Robust Decision-Making 

ROI   Return on Investment 

SEI   Structural Engineering Institute 

SHM   Structural Health Monitoring 

WSC   Workshop Steering Committee  
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Appendix A. Discussion of Priority Research Needs  

The following analysis details participant prioritization across the research topics. Table A-1 
shows that nearly all rating concentrated on the “Priority” and “Highest Priority” categories. 
Notably, as highlighted in Table A-2, several key topics received more than 34% of “Highest 
Priority” ratings, receiving the top across all prioritization efforts. Table A-2 also shows all topics 
that received more than 45% of “Priority” ratings.  
 
Table A-1. Participant Ratings of Research Topics: Percentage Breakdown 

Topic Neutral Lower 
priority Priority  Highest 

priority 
Investigate how financial, behavioral, and policy-based 
incentives can effectively motivate infrastructure 
owners to invest in resilience that aligns with 
community needs and long-term value. 

6.1% 27.3% 33.3% 33.3% 

Create design approaches for adaptation—leading to 
decision-support tools, design guidelines, standards, 
and codes—that integrate resilience into infrastructure 
planning across diverse stakeholders. 

3% 9.1% 48.5% 39.4% 

Establish standardized, geographically targeted datasets 
that are consistent with design standards and codes for 
use in resilience modeling and performance-based 
designs. 

9.1% 18.2% 36.4% 36.4% 

Identify, quantify, and measure the factors influencing 
community resilience outcomes and use measurement 
science to establish trends and develop evidence-based 
guidelines. 

24.2% 30.3% 24.2% 21.2% 

Develop, update, and calibrate data and models for 
incorporating functional recovery of facilities, 
infrastructure networks, and communities and their 
interactions into resilience-informed design standards 
and tools. 

12.1% 24.2% 33.3% 30.3% 

Research to identify and reduce uncertainties to better 
define future hazard levels for design. 12.1% 24.2% 39.4% 24.2% 

Research associated with developing methodologies for 
adaptive pathway designs including multihazards, 
fragility curves, system degradation, and 
implementation in performance-based design. 

3% 9.1% 51.5% 36.4% 

Develop a database of actual building performance 
(failures and successes) under extreme events including 
cost-benefit analysis. 

9.1% 30.3% 30.3% 30.3% 

Develop simplified tools based on a common 
framework and accessible data to define future hazard 
risks and provide design values to practitioners and 
building owners for implementation on projects. 

21.2% 9.1% 45.5% 24.2% 

Extend functional recovery research for current and 
future hazards for new building design and existing 
buildings. 

21.2% 27.3% 33.3% 18.2% 

Improve and standardize the characterization of current 
and projected hazard levels, including metrics and 0% 12.1% 54.5% 33.3% 
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indicators for implementing adaptive strategies over 
time. 
Improve understanding of how preferences around risk 
and resilience scale from individual to community and 
the implications for practical engineering design at the 
project scale. 

21.2% 30.3% 30.3% 18.2% 

Investigate the conditions under which prescriptive or 
nonprescriptive approaches are preferred, their relative 
benefits, and trade-offs for adaptive building design. 

27.3% 24.2% 30.3% 18.2% 

Support broad-based research to inform adaptive 
design for wildfire. 18.2% 30.3% 21.2% 30.3% 

Improve understanding of the legal, political, and 
policy challenges and barriers to implementation of 
adaptive strategies over time. 

24.2% 15.2% 39.4% 21.2% 

Integrate time-dependent structural capacity 
degradation with nonstationary load effect. 21.2% 27.3% 36.4% 15.2% 

Develop performance-based design documents where 
appropriate for hazards such as fire and flood that are 
not already addressed while maintaining flexibility for 
minimum design code on smaller projects. 

12.1% 15.2% 39.4% 33.3% 

Incorporate risk and resilience metrics in current design 
frameworks to enable consideration of exposure and 
vulnerability and assessment of the economic impacts 
of failure. 

18.2% 9.1% 42.4% 30.3% 

Foster multidisciplinary collaboration and integration 
that includes community-driven risks and priorities. 12.1% 42.4% 24.2% 21.2% 

Leverage existing hazards and building performance 
data to inform performance-based design and 
incorporate better translation of existing research into 
design practice. 

9.1% 9.1% 66.7% 15.2% 

Understand the benefits of resilience to improve 
likelihood of adoption into codes so that it can be 
incorporated into standard development up front. 

24.2% 15.2% 39.4% 21.2% 

 
Table A-2. Rating of Research Needs: Highest Priority (>34%) and  
Priority (>45%) Topics 

Topic Highest 
priority Priority  

Create design approaches for adaptation—leading to decision-
support tools, design guidelines, standards, and codes—that 
integrate resilience into infrastructure planning across diverse 
stakeholders. 

39.4% 48.5% 

Establish standardized, geographically targeted datasets that are 
consistent with design standards and codes for use in resilience 
modeling and performance-based designs. 

36.4% 36.4% 

Research associated with developing methodologies for adaptive 
pathway designs including multihazards, fragility curves, system 
degradation, and implementation in performance-based design. 

36.4% 51.5% 
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Leverage existing hazards and building performance data to inform 
performance-based design and incorporate better translation of 
existing research into design practice. 

15.2% 66.7% 

Improve and standardize the characterization of current and 
projected hazard levels, including metrics and indicators for 
implementing adaptive strategies over time. 

33.3% 54.5% 

Develop simplified tools based on a common framework and 
accessible data to define future hazard risks and provide design 
values to practitioners and building owners for implementation on 
projects. 

24.2% 45.5% 
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Appendix B. Workshop Materials 

B.1. Workshop Agenda  

SEI NIST Forward-Looking Codes and Standards:  
Adaptation and Resilience Workshop 

DATE: October 29–30, 2025 
LOCATION: ASCE Bechtel Conference Center,  
1801 Alexander Bell Drive, Reston, VA 20191 

 VIRTUAL: Zoom and Teams links sent separately 
 

Workshop Agenda – FINAL2  
Workshop Director: Jayantha “Obey” Obeysekera, Ph.D., Research Professor,  

Director of Sea Level Solutions Center, Institute of Environment at FIU 
 

WORKSHOP MATERIALS: Link to Digital Materials Package (password: adaptationresilience)  
 
Day 1: October 29, 9:00am–5:00pm ET  
8:00am–9:00am: NETWORKING CONTINENTAL BREAKFAST PROVIDED 

GENERAL SESSION 
9:00am–9:30am: Welcome 

• Welcome, Purpose, and Workshop Agenda and Goals  
o Welcome and Opening Remarks—Jayantha “Obey” Obeysekera, Ph.D., P.E., Research 

Professor, Director of Sea Level Solutions Center, Institute of Environment at FIU 
o Purpose—Therese McAllister, Ph.D., P.E., F.SEI, Dist.M.ASCE, Deputy Chief, Materials and 

Structural Systems Division, NIST 
o Workshop Agenda and Goal—Jennifer Goupil, P.E., F.SEI, F.ASCE, Managing Director SEI, 

Chief Resilience Officer ASCE 
• Introductions—All Participants  

9:30am–11:00am: Synergistic Efforts  
Presentations on current, ongoing synergistic work: this workshop will leverage and build on 
complementary efforts. 

• Incorporating Community Resilience into Codes and Standards;  
John van de Lindt, Ph.D.; Colorado State University [15 min] 

• Decision Scaling;  
Casey Brown, Ph.D., P.E.; University of Massachusetts [15 min] 

• Barriers for Handling Nonstationarity in Applied Performance Based Design;  
Erica Fischer, Ph.D., P.E.; Oregon State University [15 min] 

• Robust Decision Making; 
Michelle Miro, Ph.D., RAND [15 min] 

• Dynamic Adaptive Policy Pathways; 
Kathryn Roscoe; Deltares [15 min] 
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• Q&A Discussion; Moderator: Jayantha Obeysekera [15 min]  

11:00am–11:15am: PICTURE + COFFEE BREAK 

11:15am–12:30pm: CASE STUDIES  
Presentations of projects that used adaptive pathways for design and panel discussion of “What 
do you wish you had?” to prime thinking for breakout sessions.  

• Charlestown Bus Facility Shoreline Stabilization; Paul Schuman, Ph.D., P.E.; SGH [15 min] 
• Honolulu Flexible Adaptation Pathways; Jack Hogan, P.E.; Arup [15 min] 
• Resilience Planning with Salt Lake City; Milad Roohi, Ph.D.; University of Nebraska [15 min] 
• A Comparison of Robust Decision-Making Approaches for Community vs Asset-Based Projects; 

Ariane Laxo; HGA [15 min]  
• Q&A Discussion; Moderator: Jayantha Obeysekera [15 min]  

12:30pm–1:00pm: WORKING LUNCH PROVIDED 

1:00pm–2:00pm: Plenary Discussion  
Session to define the goals for the future state, followed by instructions for the breakout 
sessions.  

• Next-Generation Goals; ALL  
Moderators: Jayantha Obeysekera, Therese McAllister  
Discussion to prepare for breakouts.  
 
PLENARY PANEL DISCUSSION: Reality on the Ground: If I had a magic wand…  

Barriers to decision-making, challenges to innovative solutions, risk-reward sharing, community 
versus individual development goals and incentives.  

Speakers: 
• Rogelio Madan, Resilience Officer, Planning Department, Miami Beach [15 min] 
• Jennifer Jurado, Ph.D., Chief Resilience Officer, Broward County, Florida [15 min] 

 
Plenary Discussion: Moderator: Jayantha Obeysekera [20 min] 
 

• Charging Breakouts; Jennifer Goupil [10 min] 
Instructions on how the breakouts will work.  
 

GOAL:  

PROMPTS:  

1. What do you wish you had to advance design practice and building standards for adaptation and 
resilience?  

2. What are the next-generation research needs for adaptation and resilience?  

3. Define and PRIORITIZE the research needs that are required to advance the next generation of 
standards and codes for adaptation and resilience. List the top five research needs. (Each one 
written as a complete sentence.) 
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2:00pm–2:15pm” Move to assigned breakout rooms (see following plan) 

 
2:15pm–3:30pm: Concurrent Breakout Sessions 
3:30pm–3:45pm: COFFEE BREAK 
3:45pm–4:45pm: Concurrent Breakout Sessions (cont.) 
4:45pm–5:00pm: Reconvene  

o Summary and Adjourn Day 1  
 
Day 2: October 30; 9:00am–12:00pm ET  
8:30am–9:00am: NETWORKING CONTINENTAL BREAKFAST PROVIDED 
9:00am–9:15am: Welcome 

ο Purpose and Goals of Day 2 
9:15am–11:00am: Report Out  

• Breakout Session Report Out: [15 min EACH = 10 min + 5 min Q&A] 
15-minute COFFEE BREAK (10:15am) 

ο Moderated Discussion of Breakout Reports [30 min] 
Moderator: Jayantha Obeysekera  

11:00am–11:45am: Prioritization  
ο Prioritization of Research Needs—Survey [15 min] 
ο Discussion of Survey Results [30 min] 

11:45am–12:00pm: Conclusion  
o Summary and Adjourn Day 2  

----------------------------------------------------------------------------------------------------------------------- 
12:30–3:00pm: Workshop Steering Committee Meeting 
----------------------------------------------------------------------------------------------------------------------- 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

47 

B.2. Workshop Presentations 

B.2.1. Day 1: Overview Presentations 
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B.2.1.1. Synergistic Efforts: Incorporating Community Resilience into Codes and Standards; 
John van de Lindt 
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B.2.1.2. Synergistic Efforts: Decision Scaling; Casey Brown 
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B.2.1.3. Synergistic Efforts: Barriers for Handling Nonstationarity in Applied Performance 
Based Design; Erica Fischer 
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B.2.1.4. Synergistic Efforts: Robust Decision Making; Michelle Miro 
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B.2.1.5. Synergistic Efforts: Dynamic Adaptive Policy Pathways; Kathryn Roscoe 
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B.2.1.6. Case Studies: Charlestown Bus Facility Shoreline Stabilization; Paul Schuman 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

120 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

121 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

122 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

123 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

124 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

125 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

126 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

127 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

128 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

129 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

130 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

131 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

132 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

133 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

134 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

135 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

136 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

137 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

138 

 
 

 
 



NIST GCR 26-074 
July 2026 

  

 
 
 

139 

B.2.1.7. Case Studies: Honolulu Flexible Adaptation Pathways; Jack Hogan 
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B.2.1.8. Case Studies: Resilience Planning with Salt Lake City; Milad Roohi 
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B.2.1.9. Case Studies: A Comparison of Robust Decision Making Approaches for Community vs 
Asset-Based Projects; Ariane Laxo 
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B.2.2. Plenary: Reality on the Ground  
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B.3. Day 2: Overview Presentations 
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B.3.1. Breakout Session Reports 
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Appendix C. Workshop Reading Material 

Obeysekera, Jayantha, and Sihan Li. “Future Conditions: Decision Making under Deep 
Uncertainty.” Paper submitted to ASCE Convention, 2025. 

Obeysekera, Jayantha, Marjolijn Haasnoot, and Robert Lempert. “How Are Decision-Science 
Methods Helping Design and Implement Coastal Sea-Level Adaptation Projects?” 
Variations 18, no. 3 (Fall 2020). https://doi.org/10.5065/fp9y-ae42. 

  

https://doi.org/10.5065/fp9y-ae42
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Appendix D. Workshop Participants 

Following is the list of workshop participants including their self-identified organization, listed in 
alphabetical order.  
 

Joe  Ackroyd  NYC 
Rahemeen Ahmed Arup 
Ahmed Attar NRC Canada 
Bilal Ayyub University of Maryland 
Michele Barbato University of California, 
Joseph Barsugli University of Colorado Boulder, NOAA Affiliate 
Abigail Beck University of Houston 
Fabio Biondini Polytechnic of Milan, Italy 
Kevin Borth HGA 
Casey Brown University of Massachusetts Amherst 
Eun J. Cha University of Illinois Urbana-Champaign 
Chris Clavin NIST  
William Coulbourne Consultant 
Lakshmana Doddipatla FM 
Erica Fischer Oregon State 
David Frost Georgia Institute of Technology 
Michel Ghosn CUNY 
Matt Gilbertson Simpson Gumpertz & Heger 
Elisabeth Gilmore Carleton University 
Catalina Gonzalez George Mason University 
Joel Good RWDI 
Jennifer  Goupil ASCE/SEI 
Ruohua Guo Reliability Equity LLC 
Jack  Hogan Arup 
Brenda Hoppe HGA 
Ayse Hortascu ATC 
Jennifer Jurado Broward County 
Robin  Kemper Zurich 
Ann Kosmal Kosmal Partnership 
Ken Kunkel NOAA/NCSU 
Kingsley Lau Florida International University 
Sihan  Li RWDI 
Ning  Lin Princeton University 
Ming Liu NAVFAC–EXWC 
Roy Lobo HCAI 
Zoubir Lounis National Research Center Canada 
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Rogelio Madan Miami Beach 
Norma Jean Mattei The University of New Orleans 
Kris May Pathways Climate Institute 
Michelle Miro RAND 
David Mizzen ARA 
Lauren  Mudd ARA 
Jayantha Obeysekera FIU 
Manuel Perotin CDM Smith 
Julie  Pietrzak Thornton Tomasetti 
Adam Reeder CDM Smith 
Milad Roohi University of Nebraska Lincoln 
Kathryn Roscoe Deltares 
Paul Schuman SGH 
Seth Thomas KPFF 
Mari Tye Johns Hopkins University 
Nasim Uddin University of Alabama at Birmingham 
John Van de Lindt Colorado State University 
Teng Wu University of Buffalo 
Erik  Zuker HNTB 
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