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Abstract 

Forward Looking Codes and Standards: Future Hazards workshop report includes recommended 
research needs on the following themes: confidence and uncertainty in hazard projections, 
local downscaling of global models, and conversion of hazard projections to engineering design 
criteria. 

Keywords 

Codes and standards; Building codes; Future hazards; Hazard models; 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 first of four workshops on Forward-Looking 
Codes and Standards: Future Hazards based on contributions to the workshops from 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, and 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).  
 
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 
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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., 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 to 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 first workshop, Forward-Looking Codes and Standards: Future Hazards, held on June 4–5, 
2025, and this resulting report, focused on the research and development efforts needed to 
implement future hazards and associated design criteria in codes and standards, to inform 
strategic planning for future requirements in the built environment, and to understand 
potential changes to design requirements.  

 Workshop Scope and Purpose 

The purpose of the workshops was to provide a science-based assessment of next-generation 
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 for codes and standards 
development, specifically the needed 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  
• Consider resilience, adaptation, and social and economic impacts to businesses and 

communities. 



NIST GCR 26-071 
July 2026 

  

 

2 

 Workshop Development Process 

The development of these workshops 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 
selected the following topics as critical issues, and the participants were selected based upon 
their expertise in these areas: 

• Confidence and uncertainty in hazard projections, 
• Downscaling of global climate models, and 
• Conversion of hazard projections to design loads and associated criteria.  

 
To help understand the current state of hazard development in codes and standards, the WSC 
identified resources to share with workshop participants in advance: see Appendix C. These 
documents were used to formulate the workshop sessions.  
 
The one-and-a-half-day workshop was convened on June 4–5, 2025, to identify the priority 
research needs that form the basis of this report. The WSC invited industry-leading experts, 
academics, and representatives from key government agencies to attend 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). Thirty-eight 
in-person and 17 virtual participants attended the workshop. 
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Figure 1-1. In-person participants at the NIST/SEI Forward-Looking Codes and Standards: Future 
Hazards workshop on June 4, 2025. 
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Figure 1-2. Online participants at the NIST/SEI Forward-Looking Codes and Standards: Future 
Hazards workshop on June 4, 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 of ongoing, synergistic efforts and several state-of-the-practice 
presentations that were also viewed by registered public attendees.  
 
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 future hazards into design standards and codes.  
 
The participants were then divided into breakout groups based upon the number of workshop 
attendees and asked to consider topics selected by the WSC. In the breakout groups, the 
participants were given three topics to identify and prioritize research needs: (1) project data 
needs for future hazards, (2) hazard design needs by design phases, and (3) the science and 
analysis capabilities needed to address gaps in hazard data by design phase (e.g., conceptual, 
preliminary, detailed). The breakout groups prioritized the top three to five research needs to 
address the gaps in available hazard data for future design standards and codes. 
 
Each breakout group then reported back to all the workshop participants in a general session 
and described its prioritized research needs. Following these presentations and subsequent 
discussions, the workshop participants prioritized the research needs from all of the breakout 
groups.  
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 Workshop Framework 

The framework for Workshop 1 was developed around key questions and intended outcomes 
from the WSC and was organized into three main prompts:  

The first topic asked the question: what are the project data needs for design for environmental 
hazards (such as, but not limited to, level of detail (spatial, temporal), time frame/horizon, etc.).  

The second topic asked participants to consider the hazard design needs by phase for  
(1) planning (concept permits, feasibility) and (2) final design.  

The third topic covered the science/analysis capabilities needed to address gaps in hazard data 
by phase.  

 Workshop Report Organization 

This report is a record of the event and includes a synthesis of the discussions and distillation of 
the findings. Following Section 1, Introduction, 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 that were held 
during breakout discussions. 

• Section 4 describes the top recommended research needs that were identified during 
the breakout sessions. 

• Section 5 describes the analysis of research needs that were identified during the 
breakout sessions. 

• Section 6 lists acronyms and abbreviations.  
• 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 
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 first set of speakers presented current and ongoing Synergistic Efforts to enable the 
workshop to then build on the current state of the art.  
  
Abbie Liel (Appendix B.2.1.1) shared the rationale and framework for integrating future 
conditions into ASCE/SEI 7-28 Chapter 36. The chapter outlines nonmandatory but technically 
rigorous criteria for future environmental loads, including flood, snow, rain, ice, and wind. Liel 
highlighted the importance of translating these types of projections into actionable engineering 
loads and the collaborative efforts among ASCE, the National Oceanic and Atmospheric 
Administration (NOAA), and other entities to support this initiative.  
 
Dan Walker (Appendix B.2.1.2) discussed the collaborative efforts between NOAA and ASCE to 
advance resilience in civil engineering practice. His presentation highlighted the outcomes of 
joint workshops, task forces, and technical notes aimed at bridging climate science with 
engineering applications. He emphasized the importance of co-producing knowledge, 
integrating projections into design workflows, and developing standards that reflect future 
hazard scenarios. Walker also highlighted the challenges of downscaling models and the need 
for credible, fit-for-purpose data to inform infrastructure design.  
 
Sihan Li (Appendix B.2.1.3) introduced the work of the ASCE Committee on Adaptation to a 
Changing Climate. This committee focuses on promoting awareness in civil engineering, 
connecting practitioners with resources, and facilitating the integration of climate science into 
engineering standards. Li reviewed past research outputs, including manuals of practice and 
technical reports, and described ongoing efforts. The committee’s work aims to support 
adaptive design and resilience across infrastructure sectors.  
 
Michel Ghosn (Appendix B.2.1.4) presented findings from the ASCE/SEI Effects of Climate 
Change on Life-Cycle Performance of Structures and Infrastructure Systems project, which 
developed methodologies for assessing climate impacts on infrastructure safety, reliability, and 
risk. The presentation covered projection models, hazard attribution, and structural 
performance under nonstationary conditions. The project culminated in a multichapter report 
offering guidelines for future design practices. Ghosn stressed the need for risk-informed 
design, coordination among climate scientists and engineers, and the development of 
standards that reflect long-term risks.  
 
The second set of presentations focused on Practice Perspectives for future hazard 
characterization.  
 
Kevin Borth (Appendix B.2.1.5) presented a case study on the Derby Line Land Port of Entry in 
Vermont, where future risk analysis was integrated into the design process. The project 
involved assessing current and projected impacts, including snow, wind, and temperature 
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extremes, and incorporating resilience measures into mechanical and structural systems. Borth 
described the extensive documentation used to inform design decisions, including protection 
levels and adaptation strategies.  
 
Badre Enam (Appendix B.2.1.6) represented the East Side Coastal Resiliency project in New York 
City, focusing on the importance of adaptability and resilience in urban flood protection 
systems and structural design challenges. The project aimed to provide integrated flood 
defenses while enhancing waterfront access and urban design. Enam discussed hydraulic design 
considerations, including sea-level-rise projections and Federal Emergency Management 
Agency (FEMA) standards, and structural challenges such as vessel and vehicle impact loads. He 
highlighted the need for standardized floodwall components and the complexities of interfacing 
with existing infrastructure.  
 
Finally, Meg Ackerson (Appendix B.2.1.7) shared the California High-Speed Rail project, which 
integrated climate data into infrastructure planning. The project addressed hazards such as 
temperature extremes and riverine flooding, using projections to inform design decisions. 
Ackerson discussed the challenges of applying these data into large-scale transportation 
systems and the importance of interdisciplinary collaboration. Her presentation showed how 
future hazard characterization can guide resilient infrastructure development in complex 
environments. 

2.1.1. Future Hazard Characterization 

The plenary session engaged participants in a discussion to prepare them for the breakouts by 
collectively defining the current state of the art for hazard characterization and the future ideal 
state for hazard characterization 10 years in the future. The plenary discussion was intended to 
provide a common understanding of the current and future state for the breakout sessions to 
develop a list of the top three to five research needs to advance future hazard characterization 
and design. The current state of the art was established by overviewing the co-evolution of 
climate science and engineering standards/practice, based on a report from the 2024 ASCE–
NOAA Summer Summit. A moderated discussion among the participants began to establish 
collective goals for the future state of characterizing hazards for engineering applications.  

2.1.2. Current State of the Art 

During the plenary session on the first day of the workshop, Joseph Barsugli, Ph.D., shared 
findings of the ASCE-NOAA partnership in his presentation, The Co-Evolution of Engineering 
Practice and Climate Science. The presentation summarized recent efforts by the ASCE–NOAA 
Task Force to understand the evolving needs of civil engineers for climate, weather, and other 
earth system data to support engineering standards and broader engineering practice. An 
overview of the presentation is provided here. 
 
The Task Force held workshops in 2022 on data and science needs related to wind, 
temperature, coastal flooding, and heavy rainfall hazards in anticipation of the ASCE/SEI 7-28 
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standard update. The follow-on workshop in 2024, documented in the report Climate Risk 
Reduction: Hazards and Processes for Operationalizing Climate Information into ASCE Standards 
and Manuals of Practice (ASCE 2024), focused more broadly on hazards and on the process of 
connecting research to practice for additional ASCE standards, manuals of practice, and other 
engineering guideline documents. ASCE involvement was also expanded and included members 
from SEI, the Environmental and Water Resources Institute, the Coasts Oceans Ports and Rivers 
Institute, and the Geo-Institute.  
 
The ASCE–NOAA Task Force workshop breakouts adopted a “practice-to-practice” approach, 
where the current engineering practice is used as the foundation for determining how to 
include future hazard conditions. The goal of the breakouts was to address future hazards, 
including data needs for engineering use cases related to six hazard types (Figure 2-1). The 
participants identified relevant hazard and other data; data characteristics such as 
requirements for statistical treatment; relevant ASCE standards and guideline documents; and 
contextual information including typical spatial scale, service life, or time frame for more than 
60 engineering use cases. However, creating detailed specifications for data products was 
beyond the scope of the breakouts and requires further focused efforts.  
 
The Task Force workshop report identifies cross-cutting data needs that would serve multiple 
use cases as higher priorities for further development, including the following: Completion of 
NOAA Atlas 15 for short-duration rainfall extremes, Volume 1 (nonstationary extreme value 
analysis of historical period) and Volume 2 (projections); projections of air freezing index 
(currently funded) and other temperature indicators used by cold regions engineers; provision 
of input variables for use in watershed-scale hydraulic modeling of flooding; development of 
projections of changes in groundwater/soil water (perhaps only directional risk may be 
possible); and continued development of data products to support compound flooding, 
particularly coastal flooding, including NOAA’s coastal reanalysis. 
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Figure 2-1. Selected use cases from the 2024 ASCE–NOAA Workshop report (ASCE 2024). Use 
cases that relate more closely to structural engineering standards are highlighted with an 
asterisk. 
 
From the perspective of climate science and dataset development, several trends in 
engineering practice are driving the need for more complex earth system data. Perhaps the 
most pressing driver is the desire for reliable projections of future hazard values under climatic 
nonstationarity. As a result, many engineering analyses will shift from a stationary paradigm, 
which uses observational data, to the additional incorporation of projected data. The 
significance and difficulty of this shift should not be underestimated. The need is not only for 
climate model projections, but also for post-processing to translate climate model output to 
localized values of specific hazards that are of interest to engineers. This need goes beyond 
downscaling and bias-correction of climate model variables. Many hazards are not well 
represented in the global climate models, thus requiring a second modeling step to estimate 
these hazards (often called an “impacts” model in the climate science literature). For example, 
estimates of ice deposition hazard relies on identifying episodes of freezing rain. While an 
observing station can measure freezing rain, estimation from large model grids requires more 
effort. These estimates require model output from temperature, humidity and other model 
variables at multiple vertical levels in the atmosphere and at a time resolution of an hour or 
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less, potentially amounting to terabytes of model data to process for the development of future 
ice hazard maps. 
 
The move toward reliability-targeted loads puts more demands on data providers to enable 
better characterization of the entire upper tail of the hazard probability distribution, both in the 
historical observations and in future projections. More broadly, performance-based design can 
require a more detailed characterization of hazards beyond the most extreme or nominal 
design value of a design parameter. For example, the prestandard for performance-based wind 
design (ASCE 2019) mentions wind direction and duration of wind events as relevant, in 
addition to mean wind speed and gust metrics. Adaptive design strategies intended for dealing 
with future uncertainties, such as dynamic adaptive pathways, track several future scenarios 
and indicators of change to inform when to trigger adaptation actions.  
 
Compound events can refer to multiple hazards, or to multiple drivers of a single hazard, and 
require more holistic treatment of extreme events that cannot be obtained from single-hazard 
datasets. The treatment of combined (correlated) loads is one example where a shift from 
“principal” and “arbitrary point in time” loads to explicit treatment of correlations among 
hazards may be necessary. Compound flooding, where multiple flooding mechanisms 
determine the water depth, requires coordinated, consistent datasets across many processes. 
Obtaining observational data to support the analysis of these events is not simple, and the 
process becomes even more difficult for future conditions. The overall message is that evolving 
data needs are on a spectrum. Past history has demonstrated that focused and sustained 
collaborative efforts driven by engineering needs will likely have the greatest chance of success. 

 Goals for Future State 

The plenary discussion centered on the challenges and opportunities for integrating future 
hazard data into engineering and design workflows. A key theme was the need to better utilize 
current hazard data, especially in the context of future time horizons and nonstationary climate 
conditions. Participants emphasized that many engineers are unaware of the future hazard 
datasets available or the scientific basis behind them, highlighting a gap in co-production 
between climate scientists and engineers. Participants also called for national-level agreement 
on which datasets are most appropriate for design purposes and how to apply them in projects 
and use them in standards, particularly when dealing with extreme events and multivariable 
stressors under future conditions. 

Another major focus was the credibility and scalability of downscaled climate models. While 
local-scale projections are often desired for engineering applications, the group cautioned that 
higher-resolution models do not necessarily produce equivalent data quality and are likely to 
have increased uncertainty. Issues such as bias adjustment, representativeness, and the 
inclusion of critical processes (e.g., lake interactions in the Great Lakes region) were flagged as 
essential for ensuring local model outputs are fit for purpose. The discussion also touched on 
the limitations of current modeling approaches, the need for multiple future scenarios for 
addressing several engineering needs, and the importance of clear guidelines on how to 



NIST GCR 26-071 
July 2026 

  

 

11 

evaluate and apply future hazard data in project design. Overall, the consensus on the need for 
scientific assessment, transparency about uncertainty, future design considerations, and 
practical guidelines to support informed decision-making for buildings and infrastructure was 
strong. 
 
The workshop participants envision a future design ecosystem where engineers and climate 
scientists work in close partnership to co-produce data, tools, and guidelines that are 
scientifically robust, useful, and usable. This vision includes the following: 

• Climate data that will be seamlessly integrated into engineering workflows, with clear 
national consensus on which datasets are most appropriate for different design contexts 
and how to apply them.  

• Downscaling techniques that will be applied with discernment, guided by rigorous 
scientific assessments that clarify when and how local-scale projections are credible and 
fit for purpose. The limitations of models—whether statistical or dynamic—will be 
acknowledged openly, without paralyzing progress.  

• Engineers and design professionals who will have access to scalable, transparent, and 
well-documented resources that account for nonstationary conditions and multiple 
future scenarios and address the full range of uncertainty, empowering them to design 
resilient infrastructure that anticipates future hazards. 

• Project teams who will be equipped with practical guidelines to evaluate future hazard 
datasets, understand their appropriate applications, and navigate associated 
uncertainty with confidence. 

 
Ultimately, the goal is to foster a culture of informed decision-making, where future resilience 
to changing hazards and conditions is a shared responsibility across disciplines. 
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3. Section 3: Discussion of Advancing Future Hazard Characterization 

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 

TOPIC 1: Project Data Needs for Hazards (Such as, but Not Limited to, Level of Detail [Spatial, 
Temporal], Planning Horizon, etc.) 

In recently developed editions of Canadian building codes, the change factors for future climate 
conditions are produced at the city level and averaged over the provincial level, rather than 
being regionally downscaled. For hazards such as basic wind pressures and ground snow loads, 
the scaling factors are generally relatively small, typically ranging from approximately 5% to 
10%, and these factors are revisited every five years to remain up-to-date with the latest 
available science. 
 
The selection of an appropriate time horizon is essential in evaluating future hazards, 
particularly because the design life of different building elements can vary significantly. For 
example, the structure itself may be designed with a design life of 50 years (i.e., the reference 
period in Chapter 1 of ASCE/SEI 7-22), while HVAC, electrical, or plumbing equipment may have 
shorter lifespans. Therefore, understanding the appropriate time horizon is critical when 
selecting and utilizing data from climate models. 
 
The level of detail in the future hazard data needed for building design varies by hazard types. 
For instance, assessing wind loads may require very localized analyses to capture short-term 
events like thunderstorms, which may not be represented in global, or even regional climate 
models. Similarly, flood hazards necessitate local modeling or analysis at the watershed level. 
However, future snow loads might be adequately represented at the regional level. 
 
Future hazard projections inherently have a much greater degree of uncertainty than that 
associated with historical data. In addition, even past observations may not be stationary. Some 
factors, such as sea-level rise, are demonstrably nonstationary and have exhibited increasingly 
nonlinear trends in recent years. 
 
In the context of flood risk, no uniform national approach currently exists for addressing future 
conditions; instead, individual jurisdictions at the municipal or state level often implement 
regulations to address worsening flood risk. Examples of cities that have adopted enhanced 
flood regulations include New York City; Boston; Houston; and Norfolk, Virginia.  
 
Load combinations must consider multiple hazards occurring simultaneously or in tandem, such 
as the combined effects of wind and flood loads. In addition, the risk category or particular use 
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of a building may justify applying different climate scenarios depending on the criticality of the 
structure.  
 
Notably, while climate models include extreme events to some extent, these models often 
overlook the role of the built environment itself. Factors such as impervious surfaces, drainage 
infrastructure, and urban development can significantly influence how hazards are experienced 
on the ground, for instance, by amplifying flood risk through increased runoff. 
 
TOPIC 2: Hazard Design Needs by Phase: (1) Planning (Concept Permits, Feasibility) and (2) 
Final Design 

In the initial stages of project planning and design, different aspects of environmental hazards 
are often more critical to define precisely than others. For flooding, early-phase decisions 
should prioritize future conditions that may influence project siting considerations—such as 
riverine erosion zones and projected future flood extents—over precise quantifications of 
floodwater elevation or flood velocity. In coastal flooding locations, a common approach at this 
stage might be the use of a simplified, linear sea-level-rise “bathtub” model to gain a general 
sense of vulnerability to flooding in the future. However, as the design progresses, a detailed 
coastal model that incorporates future water levels and storm events might be necessary to 
more accurately define the flood effects, such as loads on the structure. Future projections for 
wind tend to become more relevant during the design development phase because they can 
often be closely tied to the structural configuration of the building. The level of detail required 
for other types of natural hazards, such as rain or snow, is generally consistent throughout the 
design process. 
 
Certain geographical regions, such as special regions for snow or wind, may require more 
advanced modeling and localized analysis earlier in the design process. High-level risk 
assessments conducted at the start of a project aim to answer key questions: Is the hazard 
expected to increase or decrease over time? Do any siting limitations influence the long-term 
performance of the project? Which screening tools or maps are available to help guide project 
decisions? 
 
Artificial intelligence (AI) may help streamline the hazard assessment process. AI could be 
leveraged to automate data documentation, generate maps, and analyze various scenarios, 
allowing project teams to focus more on design development. 
 
TOPIC 3: Science/Analysis Capabilities Needed to Address Gaps in Hazard Data by Phase 

Evaluating future flood hazards is a significant challenge due to the highly site-specific nature of 
flooding. While projections such as sea-level rise and changes in future precipitation may be 
available, localized analyses must be performed to accurately define the flood characteristic to 
a level of precision suitable for design. This makes developing reliable flood hazard maps and 
design criteria a significant undertaking compared with other environmental hazards. 
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Currently, private companies, such as KatRisk, develop most hurricane models used to estimate 
storm-related hazards. A need exists for publicly available, peer-reviewed, and transparent 
hurricane models that incorporate future conditions, such as U.S. Army Corps of Engineers 
(USACE) U.S. Army Engineer Research and Development Center developing information for 
FEMA or ARA-developed hurricane maps in ASCE 7. These models could provide a standardized 
basis for developing hazard data for design applications. 
 
Compound flooding, in which multiple sources of flooding, such as precipitation, riverine 
overflow, and coastal storm surge, occur simultaneously, is expected to worsen in the future. 
Models that aim to assess compound flooding need to account for future climate scenarios, 
such as sea-level rise. 
 
Methodologies are needed to estimate the nonlinear relationship between sea-level rise and 
coastal flood impacts more rapidly. Simply adding projected sea-level rise to current flood 
conditions does not adequately capture the increasing severity of future flood risks; however, 
precise modeling is too costly and time-consuming for many projects. 
 
Improvements to our existing rain and stream gauge infrastructure are critical. More frequent 
and extensive measurements are needed to capture hyper-localized weather events, such as 
microbursts or flash floods. This would support more accurate and responsive stormwater and 
riverine flood modeling. 
 
Flood hazard modeling and mapping for future conditions should be decoupled from the 
National Flood Insurance Program (NFIP) and its Flood Insurance Rate Maps, which are 
intended for insurance purposes and do not reflect forward-looking design criteria. 
 
Artificial intelligence may help users navigate building codes, interpret future hazard data, and 
assist with design tasks. These tools can streamline decision-making processes and improve the 
integration of future hazards into project planning and design. 

 Breakout 2 

TOPIC 1: Project Data Needs for Hazards (Such as, but Not Limited to, Level of Detail [Spatial, 
Temporal], Planning Horizon, etc.) 

The group identified that moving from climate models to specific projected loads requires an 
overlap among the spatial capabilities of the models with respect to the localized nature of 
structural loading. The ability of models to capture specific hazards, and their interaction with 
human elements such as land use, can vary considerably by hazard and location. While 
comparing local weather stations to the equivalent Earth system model grid cell is not possible 
(or advisable), deriving the needed information is often possible. This requires clear 
communication from engineers regarding the hazards, metrics, and statistics needed for design 
and from scientists with respect to different model capabilities and the methods used to derive 
decision metrics. Deep understanding of the bounds of uncertainty is not always necessary but 
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depends on the application. Improved communication could be achieved through bilateral 
communication of the large uncertainties that are also present in current-day design 
assumptions and those in climate models and attendant scenarios.  
 
The group recommended the co-development of a consensus source for best practices in 
integrating future projections with engineering applications and determining the reliability of 
models, the scope of uncertainty, and guidelines on when specific and tailored information is 
necessary. Various entities have produced best-practice documents enabling engineers to ask 
the right questions for their installations, but these documents are not necessarily well-known 
or used by the majority of practice. A comprehensive document could also include how to 
leverage well-established engineering design techniques, such as station pooling, in the use of 
Earth system/future data. Furthermore, the handoff from model development to engineering 
communities has in the past taken place through boundary-spanning organizations and 
programs that have evolved over the last couple of decades. As those organizations disappear 
or disintegrate and expertise is absorbed into other roles and sectors, the need for well-
documented guidelines is even greater. 
 
Many data are known only to individual research communities but could be utilized by other 
projects. For instance, the Bureau of Reclamation and USACE have completed many basin-
specific climate studies for hydrological and energy projects. While the output may not be 
viable for direct use, they could be used with advice, as noted previously, as input parameters 
or boundary conditions for more detailed flood models. However, the breakout group noted 
that the real limiting factor is the lack of a comprehensive, curated, and indexed repository of 
data sources and their derivatives that can be use in design; that are Findable, Accessible, 
Interoperable and Reusable (FAIR); and that will be maintained and archived indefinitely.  
 

TOPIC 2: Hazard Design Needs by Phase: (1) Planning (Concept Permits, Feasibility) and (2) 
Final Design 

The group agreed that the data to support the design planning phase are largely available 
although not readily accessible or well documented. Qualitative maps to help designers 
determine whether a project is within different hazard zones, the relative risk (high, medium, 
low), and likely severity would be beneficial. Specifically, burn probability maps were identified 
as a useful and needed high-level tool. 
 
The qualitative maps identified for planning needs could in some cases be supplemented with 
quantitative information similar to the hazard maps used for design loading, including for wind 
speed and direction for wildfire assessment, flood depth and velocity, and source. As different 
organizations are already producing the data, the group recommended the establishment of 
standards to validate and ensure data quality, with a regular review cycle similar to other codes 
and standards. Embedding a comprehensive review cycle into infrastructure permitting to 
ensure that the asset still meets the hazard design requirements is also needed.  
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While large projects may have the resources to collaborate directly with Earth system scientists, 
or carry out site-specific data analysis, smaller projects are unlikely to have the same flexibility. 
However, engineers often follow similar workflows. Developing a framework to obtain and 
process the appropriate data—with decision criteria guidelines around data provenance and 
robustness—could enable engineers to calculate the local products that meet their needs. 
Caution was expressed that design engineers may be blind to future hazard risk in their region 
arising from their habituation to local constraints and norms. A solution may be the production 
of a checklist of (region-specific) hazards that may change in ways that are not obvious or 
might, for some other reason, not be considered. 
 
Specific hazard requirements for design that the group considered poorly understood or 
documented at the moment include 

• Load combinations and their evolving joint probabilities (e.g., rain on snow); 
• Groundwater table responses to precipitation, intermittency, sea-level changes, and 

abstractions, and the subsequent influence on liquefaction effects; 
• Snow, particularly urban snow and associated roof loading; energy exchange between 

snow and roofs; and intensity and frequency of heavy snow and associated freeze thaw; 
and 

• The human influence on the built environment and responses to changes in hazards 
such as wildfire. 

 

TOPIC 3: Science/Analysis Capabilities Needed to Address Gaps in Hazard Data by Phase 

Explainable machine learning and AI methods could be leveraged to move directly from Earth 
system model outputs to nonstationary design loads. The emphasis has to be on explainable—
whether the physical responses make sense—and ensuring that machine learning helps to 
constrain sources of uncertainty rather than adding another level. This will require best-practice 
guidelines for machine learning model architecture and data sharing, co-developed among 
computer scientists, engineers, and Earth system scientists to build the guard rails for 
trustworthy AI. 
 
The uncertainty in the model and observational data and the safety factors employed by 
engineers in design and their associated tolerance for risk need to be reconciled. While 
improved communication of all assumptions and uncertainties in the existing science is 
imperative, so too is the acknowledgment that conservatism in design codes and standards 
masks empirical uncertainty in material and structural responses. Quantifying the margins of 
error in design may be sufficient to accommodate the projected hazard uncertainty over the 
design life of the structure. 
 
Some advances in hazard assessments could be made by adopting the advances in statistical 
methods (e.g., spatial extreme analysis) made over the last two decades. 
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 Breakout 3 and 6 

Breakout groups 3 and 6 were originally two separate groups dedicated to virtual participants. 
Due to the small size of these groups, they were combined at the start of the breakout session 
into one larger breakout group. 
 

TOPIC 1: Project Data Needs for Hazards (Such as, but Not Limited to, Level of Detail [Spatial, 
Temporal], Planning Horizon, etc.) 

Reanalysis of land-based versus gridded snow products is an area that needs project data. 
Similarly, a need exists to understand variations in historical snow measurements. Data should 
also be able to bridge the gap between observations and second-order climate variables or 
modeled climate data. Better understanding of what most affects or produces the maximums is 
necessary because that understanding can enable us to identify where this is relevant to 
projects in specific regions rather than applying it universally.  
 
Assigning levels of confidence to different variables is important. Wind presents a challenge 
because it is not very representative, so communicating confidence to engineers is key. 
Scenario likelihood and a clear definition of available data are also needed. In the context of 
risk-informed decision-making, we need context for uncertainties in design-level estimates in 
ASCE 7. Transparency in providing information for engineers is crucial, as we have shifted 
uncertainties to climate science and modeling by focusing on engineering. We must consider 
how specific the load needs to be to address design considerations and identify cut points for 
changes in design, as this may affect how climate science addresses uncertainties.  
 
Identifying “actionable uncertainty” is necessary, and we must be thoughtful about what is 
actionable and for what purpose. This suggests that a range of plausible scenarios could be tied 
to types of project risks. Should we prescribe certain scenarios for certain types of structures? 
For example, precedent exists for earthquakes, where conditional probabilities are assigned to 
some structures. 
 

TOPIC 2: Hazard Design Needs by Phase: (1) Planning (Concept Permits, Feasibility) and (2) 
Final Design 

In the planning phase, understanding which hazard-specific risks are present for the project is 
needed. The communication issue for stakeholders is unique, differing from engineering design 
requirements, as opposed to specific technical requirements for the final design. Then, for the 
final design phase, detailed technical needs for design were discussed extensively. How local 
building officials work varies significantly; therefore, the standard for evidence-based 
approaches at the local level is low. Is there an educational component for building officials and 
owners or operators to consider when integrating new design standards? To address residential 
construction, we require an entirely different scope—not ASCE/SEI 7–focused and not ASCE/SEI 
7 or the International Building Code (IBC)—that could pertain to International Residential Code 
(IRC), which follows a different approach and covers 90% of the economic activity in buildings. 
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TOPIC 3: Science/Analysis Capabilities Needed to Address Gaps in Hazard Data by Phase 

Many ensemble members of multidecadal global climate model (GCM) simulations at 
convection-permitting model resolution are needed. Convection permitting means higher 
spatial resolution, and large ensembles involve many different models. Multidecadal 
simulations driven by different scenarios aim to achieve plausible outcomes, and ensembles 
allow multiple runs to address sources of uncertainty. What can be done for the engineering 
community? Efforts should improve to meet ASCE/SEI 7-28 data needs, such as the 15-minute 
rain load standard, which will be influenced by convection everywhere. This would be an 
appropriate model type for this application. Variables with high engineering value, such as 15-
minute precipitation and 1-hour variables, should be selected. Future climate model 
development should consider specific engineering sectors and needs and incorporate them into 
new model development. Part of the success of the Canadian experience with the building code 
update was due to bespoke GCM output variables being archived by colleagues in Environment 
and Climate Change Canada (ECCC) specifically for codes and standards work. The idea is that 
this could be an experiment developed even earlier through the World Climate Research 
Program. Dynamic downscaling or regional climate models may potentially be sufficient to 
meet the modeling needs outlined in the prior request. 

In the context of performance-based engineering and reliability analysis, a formal collection of 
software to facilitate rapid iteration with different climate product data (ideally through a 
cloud-based framework) is desirable and would help us understand which elements in design 
models are most sensitive to changes. Actionable uncertainties must be addressed by 
understanding and developing methods to propagate types of uncertainty into the most 
concerning design values. Additionally, reliability targets can now be tested for the most 
important factors. Looking forward, Coupled Model Intercomparison Project, Phase 7 (CMIP7) 
will be released in a couple of years, so a need exists to map out what can be done with the 
types of information expected in the next three to five years. Some information could help 
address uncertainties for practitioners involved in creating standards. Prior assessments 
evaluated climate based on sensitivity (such as “hot model” problem,) and should be 
considered and evaluated. (Cannon 2024; Hausfather 2022)  

Engineers are grounded in the historical record and need to understand what has been seen 
historically and what is or is not consistent with climate model performance. A process for 
determining which types of models and data are fit for purpose is necessary, along with advice 
from climate scientists. 

Communication and sustained co-production engagement are also critical; the way climate 
science is communicated to engineers is a pertinent question. Engineers expect data to equal 
observations and may be skeptical of model-source data for design parameters, presenting an 
education and communication challenge. Data and observations depend significantly on the 
type of project and its phase, so a menu of options is needed to meet engineers’ climate 
science requirements—some may not need much, while others require details. Currently no 
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climate boundary organization connects civil engineering applications, and conversations would 
be needed to determine if this is desirable and achievable. Finally, the economic argument 
must address more than just life safety; it also needs to focus on risk mitigation, which relates 
to life-cycle cost.  

 Breakout 4 

TOPIC 1: Project Data Needs for Hazards (Such as, but Not Limited to, Level of Detail [Spatial, 
Temporal], Planning Horizon, etc.) 

During construction, the unfinished structure could be subject to extreme weather events such 
as strong winds or heavy snow and prolonged rain that can affect soil conditions. Such events 
may introduce unexpected loads on the incomplete structure and its foundations, jeopardizing 
its structural stability. The design of temporary support systems to stabilize the incomplete 
structure requires the collection of short-term projections of hazard data to avoid construction 
failures. The load magnitudes to be considered in this phase are necessarily lower than the 
maximum magnitudes expected over the service life of a structure because their effects pose a 
lower risk to the wider community. As an example, for wind loads, Design Loads on Structures 
During Construction ASCE/SEI 37 (ASCE 2014) allows the application of reduction factors to 
design wind speeds for short-term exposures during construction. These factors range between 
0.75 and 0.90 for construction periods lasting from six weeks to five years, respectively. These 
reduction factors are applicable for historic stationary conditions and may need to be updated 
to account for future conditions. 
 
Structures should be designed to not only withstand the maximum expected loads but also to 
ensure their functionality and the comfort of their users and to avoid severe deterioration. 
Design codes and standards address these issues through “serviceability” criteria that can be 
classified into three categories: (1) deformations, (2) motion perception, and (3) deterioration.  
 
Deformations, including lateral drift of buildings, bridges, and other structures, may cause local 
damage to nonstructural elements (e.g., ceilings, cladding, partitions) in buildings and issues for 
traffic safety and bridge users due to deflections under dead, live, wind, or snow load. Extreme 
temperature and humidity exacerbate large deformations, which may also lead to concrete 
creep and excessive stresses on connections and expansion joints. Motion perception, including 
vibrations and accelerations in tall buildings and long-span bridges under wind load, is a cause 
of discomfort to building occupants and traffic on bridges.  
 
Deterioration includes items such as corrosion, weathering, efflorescence, discoloration, 
rotting, and fatigue. These are affected to various degrees by temperature variations and 
relative humidity, air salinity, carbon dioxide (CO2), freeze-thaw cycling, and radiation 
exposure. Also, hail can cause major damage to building envelopes and is known to be the 
second most important driver of insurance claims. Repeated oscillations due to wind loads may 
lead to fatigue failure of structural components such as light-gauge roofs in buildings and 
hangers in cable-supported bridges, which could potentially lead to major disasters.  
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Fatigue and freeze-thaw cycling result from accumulated damage from a large number of 
cycling loads with relatively low amplitudes. Thus, collecting information on the rate of wind 
load occurrences and their intensities, freeze-thaw cycles and cyclical variations in 
temperature, and relative humidity is as important as collecting data on extreme loading 
events.  
 
Basing maximum deformation criteria on the most severe expected loading that may occur only 
once during the service life of the structure is unrealistic and too stringent because the 
consequences of exceeding a serviceability limit state are usually not safety related. Various 
researchers have suggested different mean recurrence intervals for addressing serviceability 
issues. In particular, proposals have been made to develop criteria on an annual probability 
basis for issues related to deflections and motion perception.  
 
Although serviceability checks are performed after the initial design of the structure for 
maximum loads, in many cases the serviceability criteria control the final design. Therefore, 
establishing adequate criteria associated with appropriate data on hazard intensities and 
frequencies over properly established planning horizons deserves more attention than they 
currently receive. (Griffis (2003), Galambos and Ellingwood (1986), and Irwin et al. (2021))  
 
ASCE/SEI 7 was developed so that structural designs achieve uniform target reliability indexes 
for different building categories within a 50-year reference period. Although documents often 
refer to this reference period as “design life” or “service life,” the 50-year reference period is 
only intended to provide a basis for developing design criteria and as a means to compare the 
performance of new designs with those that have historically shown acceptable levels of safety 
over the years. The 50-year reference period does not imply that structures will collapse 50 
years after their construction, and no evidence suggests that well-designed structures built with 
the loads determined based on the traditional 50-year reference period have incurred high 
failure rates.  
 
Nevertheless, in many cases where the structure is expected to remain under the same 
ownership for very long periods of time, owners have requested that the reference period be 
extended to longer time frames. The standards were developed under the assumption of 
stationary conditions whereby the past may also represent the future, which may not be true 
for many types of hazards with statistical parameters that have shifted over the years. Most 
climate projection studies have concentrated on projecting future hazards up until the end of 
the century. Extending climate projections beyond the year 2100 is difficult and involves large 
levels of uncertainty. Yet, some clients such as hospital owners have asked their structural 
engineering teams to extend the design reference period from 50 years to 100 years. For the 
design of bridges, the American Association of State and Highway Officials developed its 
specifications on the basis of a 75-year reference period. For most hazards, the extension of the 
reference period may not lead to significant changes in the design loads and, depending on the 
region, may even indicate a decrease in some loads such as snow or ice. Under stationary 
conditions, increasing the reference period from 50 years to 100 years may increase the design 
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loads by about 5%, which is, generally speaking, within a range that would not lead to 
significant changes in required member resistance capacity and construction cost. This may 
vary by region or conditions: some initial calculations done by the ASCE/SEI 7-28 Future 
Conditions Subcommittee wind task committee suggest the increase of wind loads for longer 
service life can be larger than 5% depending on the variability of wind climates. Alternatively, 
accommodating the desire of long-term owners to increase the safety levels of their structures 
can be accomplished by choosing a higher building category than recommended in the 
standards for their intended function. For bridges, the same can be achieved by changing the 
classification of the bridge importance—say, from “essential” to “critical”—which increases the 
design loads by 5%. Finally, realizing that currently available data and climate models do not 
provide sufficient information and confidence levels in projected future conditions beyond the 
year 2100 is important. This obviously limits our ability to estimate future loads under 
nonstationary conditions while recognizing that the 5% increase associated with the 100-year 
reference period for stationary time-varying design loads may shift higher for nonstationary 
increases in climatic hazards.  
 
The demand of long-term owners for higher safety levels contrasts with the aims of developers 
who seek to minimize their construction costs to the largest possible extent to realize the 
maximum possible short-term gain because construction developments typically undergo 5-
year turnovers in ownership and the consideration of long planning horizons is not 
advantageous to them. 
 
It should be emphasized that the determination of the primary loads to consider for design may 
differ from those observed from historic data. For example, a current site may not be classified 
as a risk in current flood maps. However, increased precipitation may make it more susceptible 
to future floods.  
 
The design of structures not only requires the maximum effect of a hazard to be considered but 
also the combination of hazards. The current load combination factors in ASCE/SEI 7-22 and 
other standards assume that the combined hazards and their load effects are uncorrelated. The 
standards assume that the maximum combined loading will take place when the primary 
hazard is at its most extreme projected intensity and the second hazard is taking an average 
point-in-time value. While this approach has worked well in the past based on historic 
stationary hazard conditions, a review of the underlying assumptions is necessary to analyze 
future conditions and to study the effects of possible correlations among the hazards (e.g., 
wind and rain, rain on snow, wind and ice). The correlation among the influence variables that 
convert the hazards into load effects, the frequency or rate of occurrence of hazards, and 
hazard coincidences are also important factors. The duration of an extreme hazard is critical in 
many cases. For example, a slow-moving hurricane is more likely to combine with other 
extreme events than a fast-moving tornado.  
 
Changes in future hazards can also change the effects of other hazards. For example, sea-level 
rise can amplify the effects of a tsunami. Similarly, sea-level rise may increase risk of structural 
collapses due to earthquake-related soil liquefaction, wildland fires may increase susceptibility 
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to landslides, repeated wind loads could reduce the stiffness of buildings affecting their 
vulnerability to seismic and other loads, and flood-related foundation scour increases the risk of 
structures to all other loads and hazards.  
 
Life-cycle analysis (LCA) seeks to optimize the total cost of a structure over its entire lifespan. It 
considers all costs, including material selection; structural design; construction; operation; 
maintenance; inspection; repairs; rehabilitation; and ultimate disposal, recycling, or reuse. LCA 
helps optimize design choices by comparing alternatives and identifying cost-effective 
maintenance decisions that minimize long-term expenditures and extend the useful life of the 
structure.  
 
Standards do not specify the planning horizon for an effective life-cycle analysis, which would 
depend on the priorities of project owners, their long-term plans, and risk tolerance. Life-cycle 
engineering can thus provide an approach for long-term owners to go beyond standard-defined 
reference periods and select a life-cycle range that matches their expectations. As such, the 
hazard data needs for effective life-cycle analyses are much more involved than those required 
for design. The approach requires the collection of site-specific hazard data for the select life-
cycle period, which has ranged between 50 and 100 years in the existing literature, depending 
on the nature of the structure and its sector. After identifying all pertinent future hazards for 
the site, the approach requires the application of performance-based design principles to check 
the safety of the structure under the effects of extreme hazards and the possible simultaneous 
occurrence of hazards and the possible repeated occurrence of events on the original structure, 
a rehabilitated structure, or a structure partially damaged by previous events. A full-fledged 
life-cycle analysis requires the consideration of the safety of the structure and the costs 
associated with its construction and management, including its resilience in terms of estimating 
its reduced capacity after a damaging event and the speed of recovery. Risk assessment 
associated with LCA will allow for the determination of the optimum reliability target for design 
for a preselected service life. If properly implemented, a life-cycle-based risk analysis will 
provide an approach that long-term structure owners can use to decide on the design criteria 
that best serve their needs in accordance with their priorities and risk tolerance.  
 
Life-cycle engineering also provides the opportunity to implement methods for adaptive design. 
Predicting future changes in hazards involves large levels of uncertainties. Therefore, 
monitoring these changes and the response of the structure over the life cycle of a project 
would be essential to observe how consistent the actual changes in the hazards are with prior 
estimates. In adaptive design, adjustments and modifications to existing designs are made if the 
observed trends indicate that previous assumptions would negatively affect structural safety. 
For example, the initial design of a flood wall can be configured to allow the height of the wall 
to be increased if, years after construction, flood levels were observed to be moving higher 
than initially assumed. Adaptive design requires sufficient foresight to ensure that the 
structural system can accommodate potential revisions without major deconstruction and 
rebuilding effort.  
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The level of spatial and temporal detail varies among models. Future hazard data are obtained 
from regional climate models (RCMs) that build on those obtained from GCMs. They provide 
hazard data on a spatial scale of 10–35 km, which is generally considered sufficient for 
structural design and assessment purposes as this is consistent with the scale used in 
developing historic load maps in structural design standards, although narrower 1 km scale 
local data have also been modeled by introducing refined site information in RCMs.  
 
Although most research has focused on the horizontal spatial scale, modeling temperature and 
pressure on the vertical scale is critical for projecting future intensities of snow, freezing rain, 
and hail.  
 
RCM algorithms can provide hourly and daily resolutions, which are typically sufficient for most 
hazards. Although the 3 s gust and the 15 min pour are required for wind and rain loads, these 
can be obtained by adjusting the hourly data.  
 

TOPIC 2: Hazard Design Needs by Phase: (1) Planning (Concept Permits, Feasibility) and (2) 
Final Design 

The structural design process involves distinct phases that require different levels of hazard 
assessment. Specifically, four design phases and an implementation phase are generally 
identified: (1) conceptual design, (2) schematic design, (3) design development, (4) construction 
document, followed by (5) construction.  
  
In the conceptual or preliminary design phase, the architects work with the owners to develop 
the form and layout of the building or structure depending on its intended function. The 
identification of the pertinent loads and hazards is required at this stage based on functional 
needs and code requirements. If the site is within a flood zone, then site-specific flood hazard 
data are needed at the beginning of the design process as flood would help specify the location 
of a structure on the site, floor level elevation in buildings, and location of piers for bridges. 
 
The schematic design adjusts and refines the conceptual design to give a general idea of the 
project shape, including structural layout, building floor plans, exterior elevations, and space 
relationships. A more complete list of relevant hazards is established based on structural type, 
building category, structural shape and elevation, project location, and site conditions and 
constraints. The process involves an understanding of the various structural load paths to 
identify how different loads will be transferred through the building’s structure.  
 
The design development phase involves a complete set of thorough calculations to determine 
the details of the structural system, including the type of materials and dimensions for each 
component, the arrangement of structural elements, and the connections among them. In 
addition to dead and live loads—and seismic loads, if relevant—pertinent climatic hazards, such 
as wind intensities of precipitation including rain, snow, and ice, and floods, are quantified and 
used as input to a detailed analysis of the load effects of all these hazards and their load 
combinations.  
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The construction document phase focuses on finalizing and refining structural plans and 
specifications to ensure they are ready for construction and to obtain the necessary permits. 
The detailed designs are presented in a complete and precise set of documents that will be 
used to build the project. The process involves completing outstanding details, integrating 
structural systems, ensuring compliance with regulations, and establishing construction 
sequences and stages. Because hazards such as wind and precipitation, including associated 
increases in water pressure and groundwater elevations, can significantly impact an incomplete 
structure during construction, information on these potential hazards and their load effects is 
essential for designing appropriate temporary supports and construction methods.  
 
The construction phase is where detailed plans and specifications are translated into physical 
reality. It involves site preparation; foundation work; structural framing; and the installation of 
building systems like electrical, plumbing, and HVAC. Although the design process should 
consider the loads expected during the construction phase, unforeseen conditions during 
construction can still arise. For example, unforeseen weather events, such as strong winds, 
heavy snow, or prolonged rain that can affect soil conditions, can introduce unexpected loads 
on the incomplete structure, jeopardizing its structural stability. Reducing the associated risks 
may require revisions to construction methods and temporary support systems. 
 

TOPIC 3: Science/Analysis Capabilities Needed to Address Gaps in Hazard Data by Phase 

In initial stages of design, the estimation of some future hazards, such as flood elevations, 
require narrower horizontal ground-level resolutions than are currently available. This issue is 
particularly significant for estimating future riverine floods and flash floods, which are difficult 
to project with current modeling techniques.  
 
Information on how groundwater tables could change over time is essential for the design of 
structure foundations. This issue has not yet attracted sufficient attention, and no models are 
currently available to estimate future groundwater-table levels.  
 
Some hazards such as freezing rain require higher vertical resolution than is currently available. 
Modeling future conditions for ice accretion uses as input postprocessed model outputs at 
multiple elevations to account for vertical differences in ambient pressure, temperature, wind 
speed, and other parameters. Current models produce results that are inconsistent with 
measured ice thicknesses, raising questions about the accuracy of existing models and the 
appropriateness of existing spatial and vertical scales of input data.  
 
The design of long-span bridges requires wind tunnel testing, although such tests are not 
mandatory for tall buildings according to ASCE/SEI 7 (although many tall buildings have tested 
in wind tunnels to ensure design safety, and other codes and standards could require wind 
tunnel testing under certain conditions for tall buildings). What changes in future conditions 
may necessitate a review of current test requirements for buildings?  
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While the selection of structural materials for the design of bridges takes place in the initial 
design phase, the selection of materials for building envelopes is considered at the final stage. 
The development of advanced models to describe how future weather conditions affect the 
material properties of structural steel, reinforced concrete, wood, masonry, aluminum, fiber-
reinforced plastic, etc. and their aging processes and deterioration is ongoing. This requires 
information on long- and short-term variations in temperature, relative humidity, air salinity, 
CO2, freeze-thaw cycling, radiation exposure, etc. Work is still needed to refine existing models, 
verify their validity, and standardize their application.  
  
Hail is known to be the cause of the second-largest value of insured losses. Increases in the size, 
frequency, and spatial shift of future hailstorms require the consideration of the effect of hail 
on building envelopes and other components. Modeling future precipitation of hail and 
developing design criteria require data on covariates from larger-scale weather and climate 
models such as convective available potential energy, convective inhibition, and storm relative 
helicity. Other parameters such as temperature, wind speed and direction, and atmospheric 
humidity are usually available as output from existing models but may need additional 
refinement to improve their accuracy. 
 
In addition to wind and hail, water is an important cause of damage to buildings. The 
anticipated increases in rainfall rates and hurricane wind speeds and slower translational speed 
of tropical storms highlight the importance of developing a better understanding of weather 
events that combine the effects of wind and rain. Structures damaged by wind pressures are 
more exposed to the accompanying rain, vastly amplifying the damage. Research and data are 
needed to improve existing climatology models to project future wind downbursts and 
thunderstorms and wind-driven rain.  
 
Improved measurement science for uniform determination of historical data is a major research 
need. Verifying the accuracy of climate models and understanding the correlation among 
various parameters requires measuring, tabulating, and statistically analyzing historic hazard 
data and continually updating existing datasets. A sample, but not exhaustive, list of data that 
can benefit from improved measurement science and technology includes (1) intensity, 
frequency, and duration of all types of precipitation including rain, freezing rain, hail, and snow; 
(2) sea-level rise, coastal flooding, and wave intensities and frequencies; and (3) differences in 
the speeds of different types of wind. Accurate measurements will help improve the reliability 
of hazard data, improve our ability to develop accurate projection models, and reduce existing 
levels of the epistemic uncertainty associated with using these models to predict the effects of 
future hazards on structures and infrastructure systems.  
 
Another research need is better understanding of the effects of extreme hazard events on 
other hazards. Changes in the frequency and intensity of future hazards can also increase the 
risks associated with other nonclimatic events that have traditionally been considered 
uncorrelated. For example, the melting of sea ice and permafrost thaw change ocean levels and 
the properties of the Earth’s crust that may trigger increases and changes in the nature of 
seismic activities. Changes in the frequency and intensity of rainfall events can saturate the soil, 
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making slopes more prone to sliding. Research to improve our understanding of and quantify 
the correlation between climate and other environmental hazards should be encouraged to 
enhance the ability to model and mitigate the risk to structures and infrastructure systems.  

 Breakout 5 

TOPIC 1: Project Data Needs for Hazards (Such as, but Not Limited to, Level of Detail [Spatial, 
Temporal], Planning Horizon, etc.) 

The discussion around data needs for environmental hazards emphasizes the complexity and 
nuance required when considering emission scenarios. Selection of future scenarios can 
depend on applications and consensus among stakeholders. For example, the 3°C global 
warming level relative to the preindustrial period, rather than specific emission scenarios, was 
proposed for ASCE/SEI 7-28, whereas the latest updated Building and Bridge Codes in Canada 
relies on different representative concentration pathway (RCP) scenarios. RCP8.5 was adopted 
for buildings, with limited differences observed in structural design loads when considering 
regional impacts caused by RCP4.5 or RCP8.5, given the 50 years of design working life up to 
2075. However, achieving consensus was more challenging for bridges, given a longer design 
life of 75 years pushing the application to the end of or beyond 2100. The engineering 
community ultimately settled on RCP6.0. This underscores how the choice of emissions 
scenario remains a significant and often debated issue—whether to use RCPs or fixed warming 
levels like 3°C. A few studies seem to indicate that extreme tropical cyclone events do not 
linearly correlate with global warming level; for instance, numerical simulations could result in 
higher tropical cyclone–induced wind speeds for a 2°C global warming level scenario than a 3°C 
one, adding further complexity. This may indicate that tropical cyclones are influenced by more 
than just average global warming level and need more studies. Past studies used many 
ensembles of projections that do not indicate such trends for other hazards, but more future 
studies are needed to confirm. 
 
This complexity highlights the value of incorporating probability, uncertainty, and sensitivity 
when selecting different emission scenarios and incorporating climate models into decision-
making frameworks. An essential question arises: who is best positioned to select the emission 
scenario—practitioners, climate scientists, or policymakers? Scientists must provide the 
foundational data for engineers and code developers to work with. Canada’s multidisciplinary 
approach, combining climate scientists, engineers, and code developers, offers a valuable 
model. Still, a common sentiment emerges: “we never built climate models for you to use in 
design,” which suggests a need to shift the question entirely, framing it instead around risk 
mitigation by engineering design and practice.  
 
Scenario selection could also be, to an extent, project-specific, recognizing differences among 
buildings, bridges, retrofits, or models. 
 
How to weigh different climate models and combine models (e.g., simple average, global 
warming limits weighted, or weighted based on accuracy) needs to be explored. 
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The data needs themselves will vary depending on whether the design approach is prescriptive 
or performance-based. Design parameters like wind loads may differ depending on the specific 
use case and the underlying data models. While current building codes provide a baseline, they 
must also incorporate methods for future adjustments. One area of concern is short-term 
storm events in nontropical regions, where a lack of consistency between climate model output 
and observation data creates a significant research gap. For example, climate models are 
currently incapable of providing 3 s gusts, which are used for ASCE/SEI 7-22 basic wind speed 
maps. The impact of future climate on extreme hourly mean wind speeds is assumed to be 
equivalent to its impact on 3 s gusts. Similarly, convective storms require much finer spatial 
resolution—on the order of 100 m—than current models can provide. For hurricanes, synthetic 
numerical modeling mechanisms offer a snapshot of global impacts but rely heavily on 
historical data, effectively functioning as a black box and assuming the mechanism derived in 
historical environments applies in the same way. The changes in response to future climate 
take place through the change of future environmental inputs, for example, sea surface 
temperature, but not necessarily feedback from the changes in the mechanisms, for example, 
locations of occurrence, detouring of storm tracks, and interaction of storms with large 
environmental flow at a basin level. In other words, different environmental inputs are used 
through the same functional mechanism to obtain different outputs. Tornadoes present an 
even greater challenge due to the complexity of wind shear and temperature interactions and 
the difficulty in confidently quantifying the frequency changes in climate projections.  
 
Climate models were not used for design before. Simulation under past climates is needed for 
model validation. Criteria need to be developed to decide which models are good models and 
understand the model biases for individual hazards, considering also the correlation of the 
hazards (for multihazard design and risk analysis). 
 
A pressing need exists to address nonstationarity considering future climate and to move away 
from metrics like the mean recurrence interval, especially for floods, which also require better 
spatial discretization and an understanding of data uncertainty over time.  
 
Establishing timelines for when higher-resolution data will be required—and when it will be 
available—is crucial, as is defining the data needs over both short- and long-term periods. A key 
question remains: what is the minimum level of data we can tolerate while maintaining safety 
and performance? 
 
Besides resolution, long time horizon modeling to generate enough extremes is needed to deal 
with design level exceedance probability. 
 
Consideration should also be given to adjusting the ASCE/SEI 7 basis for design values and to 
better incorporate extreme event data. With large uncertainties present in climate models, 
evaluating how many models to use and which ones are most suitable for specific hazard types 
is important. Risk category–based scenarios might offer a structured path forward and provide 
the minimum design requirement, though multiple options in the mandatory code provisions 
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could introduce liability challenges. Performance-based design or an adaptation and resilience 
design standard may offer a viable alternative framework. Ultimately, incorporating time-
dependent means, coefficients of variation, and distributions for key variables—along with 
simulation verification and guidelines on minimum spatial and temporal resolution—will 
support better design practices. Continuous time series data covering a sufficiently long 
historical period and future service life should be utilized wherever possible to ensure a robust, 
forward-looking approach. 
 
TOPIC 2: Hazard Design Needs by Phase: (1) Planning (Concept Permits, Feasibility) and (2) 
Final Design 

Nonstationarity needs to be incorporated into hazard design. The concept of cumulative 
lifetime exceedance probability during service life or maximum annual exceedance probability 
during service life could be proposed as a possible solution, although the former has the 
shortcoming that the annual exceedance probability can be above criteria for some years. 
Design life needs to be part of the hazard design explicitly. 
 
Most projects’ design phases are short relative to the time required to implement updated 
design information. Design phases for buildings can last 6 to 12 months for typical buildings. 
Larger, more complex buildings can take longer, while large infrastructure projects’ feasibility 
and design phases can last for several years.  
 
Acknowledging that nonstationarity needs to be incorporated, understanding when the project 
will be constructed and the desired design life for the project is important. Keeping consistent 
between the annual exceedance probability and lifetime exceedance probability is needed as in 
the current stationary climate assumption. The National Building Code of Canada 2025 (NBC 
2025) uses a method known as the minimax approach and annual exceedance probability to 
ensure the probability of failure meets target values within design life. 
 
Data needs for projects will vary due to the wide range of project sizes, scopes, and locations. 
For example, building projects will have a different set of data needs than a large infrastructure 
project. Considerations for different “risk appetites” may affect what data are needed. 
Code cycles effectively set a time frame for incorporating new data, but it is not necessarily 
aligned with climate science updates. Perhaps ways exist to capture continually changing 
climate data between code cycles. 
 
TOPIC 3: Science/Analysis Capabilities Needed to Address Gaps in Hazard Data by Phase 

Development of climate science capabilities to project extreme hazard events is essential 
because structural design loads for code-based performance objectives are centered around 
these. Other gaps in current climate science include small-scale hazards such as wind 
downbursts and thunderstorms. 
 
A critical need is the ability to account for nonstationarity, which is the recognition that 
historical hazard data may no longer represent future conditions due to future climate. This will 
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require a shift in how environmental risks are discussed and communicated because the 
concept of a mean recurrence interval is no longer appropriate.  
 
Given the inherent uncertainties in climate projections and hazard characterization, advanced 
methods for dealing with uncertainty are needed. Recognizing that current practice includes 
uncertainty, determining the current acceptable levels of uncertainty will prove helpful when 
incorporating future projections. 
 
Designs implementing adaptive strategies (e.g., adaptation pathway) can be effective to allow 
for phased, flexible responses that can evolve as conditions change or as more information 
becomes available. Developing design guidelines could help design professionals incorporate 
these strategies on new projects. 
 
Science and engineering approaches must increasingly support multihazard implementation, 
recognizing that cascading and compounding events may interact in complex ways. To ensure 
effective design, systems that have traditionally been developed under separate criteria for 
different hazards need to be unified. This integration supports a more holistic approach to risk 
management and improves system-wide resilience. 
 
Clearly defined resilience design objectives and the development of analysis requirements that 
connect performance goals to hazard levels paired with instrumentation and monitoring can tie 
actual response to assumed behavior during design. These capabilities could allow for real-time 
assessments, post-event analysis, and feedback loops to validate resilient design decisions. 
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4. Section 4: Recommendation of Research Needs 

During their discussions, the breakout groups identified the top five priority items and/or 
research needs to best develop the next-generation goals for future hazard characterization. 

 Breakout 1  

This breakout group discussed research priorities in topic areas including improving data 
accuracy, standardizing modeling approaches, integrating observations with models, addressing 
evolving hazard conditions, and understanding the impact of built environment changes. 
Specific research areas include  

• Developing more efficient ways to identify site-specific hazard data and design criteria 
(e.g., riverine and urban flood hazards, microbursts);  

• Standardizing methodologies for national, transparent, open-source models to develop 
hazard data and maps for present-day and future conditions (e.g., hurricane models, 
flood maps independent from NFIP);  

• Developing methods to combine observational data and models (i.e., model 
verification);  

• Determining how to transition between stationary and nonstationary hazards for 
reliability analysis; and  

• Quantifying how future changes to the built environment affect hazards. 

 Breakout 2 

During the breakout sessions, breakout group 2 discussed topics such as improvements to 
communication, frameworks, machine learning, and data. They emerged with four top-priority 
areas for research needs:  

• Better communication to engineers of what the hazard is and the metrics and statistics 
used to quantify it and how they are computed. The group noted that uncertainty is 
wide, so choosing how to characterize or reconcile it is an additional factor. 

• Development of a framework for processing data (less emphasis on the data itself) and a 
centralized repository or compendium for data.  

• Need for machine learning to fill gaps in uncertainty, to downscale, to treat observable 
data, and perhaps to implement a process. The breakout group noted that trustworthy 
AI models will require input from computer science and from climate science, 
statisticians, and engineers.  

• Low-hanging fruit is that planning-level data are so close but could be improved with 
novel statistics (e.g., flood maps). 

 Breakout 3 and 6 

Combined breakout group 3 and 6 identified five top-priority items during its discussion of the 
breakout prompts. The selected top research needs center on software, data methodologies 
and modeling, and communication: 
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• Engineering software that could quickly assess impacts on the reliability of the design. 
This priority would enable us to interrogate climate model impacts at scale quickly and 
to evaluate implications such as costs. 

• Good or better use of the data sources and methodologies currently used within 
actionable timescales to understand model outputs so engineers can easily consume 
them (e.g., U.S. Geological Survey (USGS) into NEHRP Provisions Update Committee 
(PUC) process), including boundary organizations for infrastructure decisions.  

• Need for improved communication of hazards and climate model results so design 
teams can evaluate or interpret the results across all stakeholders and evaluate impacts, 
especially costs.  

• Many ensemble members of multidecadal global climate model simulations at 
convection-permitting model resolution. This made the list of priority needs because 
engineers want higher special resolution (more detail) and large 
ensembles/multidecadal simulations to sample plausible model outcomes and sample 
the three traditional sources of uncertainty well. 

• Need for the engineering community to align future conditions thinking with the 
historical records of environmental hazards to establish how to feel more comfortable 
with models of the future and how to determine when data are fit for the design 
purpose. 

 Breakout 4 

After discussions of project data needs, hazard design needs, and current gaps in hazard data, 
breakout group 4 identified top research priorities that focus on advancing hazard data and 
measurement science to improve life-cycle cost evaluations, design methods, and service life 
determinations: 

• Hazard data to support a life-cycle cost evaluation. The breakout group specifically 
noted the need for future hazard data to determine the material used for the exterior 
envelope, bridge construction material, and so on.  

• Data for concurrent/compounding hazards. The breakout group referenced several 
specific areas of data in this category: hazard data needed to develop load combinations 
for concurrent hazards; duration of event, frequency of event, and intensity of event 
(not only extremes); and data for more frequent and less extreme hazards versus single 
extreme hazards for design.  

• Improved measurement science for uniform determination of historical data. For 
clarification, the group noted that this could include better data collection or estimation 
of freezing rain, rain fall rate, snow, wind speed, and so on.  

• Determination of service life–window of future hazard data to deal with the extension 
of service life beyond 50 years. Additional context clarifies that this needs to include 
understanding the priorities of the project owner, because data needs depend on those 
priorities. Understanding the risk associated with the project is also a factor. 
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• Data and design methods for hazards not fully considered now but projected to 
increase, including wind-driven rain and hail. This is particularly needed for selection 
and design of envelope systems and materials. 

 Breakout 5 

The final breakout group selected its top-priority items after discussing project data needs for 
design environmental hazards, design needs by phase, and gaps in hazard data by phase. They 
identified five research needs to enhance future capabilities for addressing data needs: 

• Investigating uncertainties associated with chosen climate conditions (e.g., 3 °C 
warming);  

• Evaluating climate models in terms of their hazard estimation relative to historical 
observations;  

• Better understanding and projecting “extremes” (e.g., wind speeds with 1/1,000 annual 
exceedance probability) from climate science perspectives;  

• Understanding ideal and minimum requirements for spatial and temporal resolution and 
projection time periods by hazard types; and  

• Collecting temporally continuous data to support nonstationarity design criteria, such as 
replacing return period with lifetime exceedance probability and annual exceedance 
probability and including design life (start-end period and length) as a design parameter. 
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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-
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-
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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 * 

Research Need  

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 

Develop more efficient 
ways to identify fit-for-
purpose, site-specific 
hazard data, models, and 
design criteria 

1  2    

Standardize 
methodologies for 
national, transparent, 
open-source models to 
develop and archive 
hazard data and maps for 
present-day and future 
conditions; develop 
framework(s) for 
processing data and a 
centralized repository for 
data 

1 2    3 
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Develop methods to 
combine observational 
data and models and 
improve measurement 
science and processing 
approaches for uniform 
determination of 
historical hazard data 

2  1    

Determine how to detect 
nonstationarity and 
transition between 
stationary and 
nonstationary hazards for 
reliability analysis; adapt 
the design criteria to 
nonstationarity 

 2 1  3  

Quantify how future 
changes to the built 
environment affect 
hazards 

2 1     

Improve communication 
to engineers and design 
teams of what the hazard 
is, climate model results, 
metrics, and statistics 
used to quantify it and 
how they are computed 

2 1 2    

Develop machine 
learning/engineering 
software to fill gaps in 
uncertainty, downscaling, 
treatment of observable 
data, impacts on design 
reliability, and perhaps in 
implementing a process 

1 2 2    

Improve planning-level 
data with novel statistics 1   2    

Use hazard data to 
support a life-cycle cost 
evaluation 

2    1  

Make good/better use of 
the data sources and 
methodologies currently 
used within actionable 
timescales 

1 2     
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Develop a suite of 
multidecadal regional 
and/or global climate 
model simulations that 
are run at convection-
permitting spatial 
resolution (4 km or finer) 
with variables relevant to 
engineering standards 
stored at temporal and 
spatial resolutions 
appropriate for the 
design of projects 

1  2    

Clarify how uncertainty 
could be considered in 
future conditions 
decisions for engineering 
approaches 

1 2   1  

Improve understanding 
about “extremes” from 
the climate science 
perspective 

1  2    

Understand the 
minimum requirements 
for spatial/temporal 
resolution, length (past 
and future), and 
continuousness of the 
projections by hazard 
types 

2  1    

Develop a database of 
concurrent/compounding 
hazards to create of 
improved load 
combinations and for 
site-specific hazard 
analysis 

1 2     

Determine the service 
life–window of future 
hazard data to extend 
service life beyond 50 
years 

  1 2   
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Develop data and design 
methods for hazards not 
fully addressed now that 
are projected to increase, 
including wind-driven 
rain and hail, and for 
future conditions needed 
for foundation design, 
including frost depth and 
permafrost, groundwater 
elevations, and saltwater 
intrusion into 
groundwater 

 2 1    

Align understanding of 
the way global warming 
level is calculated by 
climate science 
community and how 
engineering handles GWL 
as the target future 
condition 

1  2    

*Table Key:  
 1 = Primary research need 
 2 = Secondary research need 
 3 = Related research need 
 

 Discussion of Results  

The outcomes of Workshop 1 on future hazards provided a solid technical foundation for 
advancing hazard characterization to develop necessary components for estimating loads, 
including data on structural degradation under future conditions. These components will 
provide essential information for design practice, planning frameworks, and codes and 
standards that will be required for design practice under future conditions. The high-priority 
research topics reflect standardized, transparent methods; better use of observations and 
models; and clearer treatment of uncertainty and nonstationarity.  

5.2.1. Future Hazard Data and Information 

Workshop 1 identified research topics that reflect a shared push to make future hazard 
information more practical, trustworthy, and usable for engineering applications and decisions. 
At the core is the need to more efficiently identify fit-for-purpose, site-specific hazard data, 
models, and design criteria. This requires nationally consistent, transparent, and open-source 
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methodologies for developing, processing, and archiving hazard data and maps for both 
present and future conditions, supported by centralized repositories. Participants also 
emphasized the promise of machine learning and advanced engineering software, not as black 
boxes but as tools, to help address gaps in uncertainty, downscaling, treatment of observations, 
and impacts on design reliability. At the planning level, a clear need exists for improved data at 
multiple scales and novel statistical methods, alongside better and timelier use of the data and 
methods already available.  

Looking ahead, the participants called for sustained investment in multidecadal and more 
accurate climate simulations for hazard events with variables and resolutions tailored to 
engineering design requirements and standards. Underpinning this is the need to clarify how 
uncertainty should be treated in future-conditions decision-making, to improve understanding 
of climate “extremes,” to systematically address concurrent and compounding hazards in load 
combinations, and to better align how global warming levels are defined in climate science with 
how engineers use them for future-conditions targets (e.g., 3 °C rise in global temperatures 
over the next 50 years).  

Research priorities also include developing reliability-based methods to combine observational 
records with future hazard models and improving measurement science for historical hazard 
data so that they are determined consistently and transparently. A strong need also exists to 
better quantify how changes in the built environment, such as urbanization and infrastructure 
modifications, alter hazard behavior (e.g., rainfall drainage or floods). This includes more clearly 
communicating how hazard events are defined, modeled, and quantified, including metrics and 
statistics. In addition, a need exists to define minimum spatial and temporal resolution levels, 
record length, and continuity requirements for hazard event projections, recognizing that these 
needs vary by hazard type and design application. 

5.2.2. Future Load Effects and Infrastructure Conditions 

Priority research gaps relate to limited understanding of how future hazard events translate 
into load effects on infrastructure systems. This includes insufficient methods to quantify how 
evolving climate conditions interact with the built environment itself (e.g., urbanization, 
drainage, materials degradation) and how these interactions modify loads over time. The 
research topics also highlighted a need for improved treatment of compounding and 
concurrent hazards, especially where multiple drivers affect structural demand simultaneously. 

5.2.3. Design Guidelines, Criteria, and Tools 

A major research gap is the absence of standardized, transparent methodologies to convert 
future hazard information into design loads and criteria. This includes guidelines on 
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incorporating uncertainty, scenario selection, and nonstationarity into reliability-based design. 
High-priority needs also include development of engineering-oriented tools and workflows, 
potentially leveraging machine learning, that remain explainable, auditable, and consistent with 
design requirements. 

5.2.4. Resilience and Adaptation 

The workshop also identified gaps in applying hazard data to support life-cycle, adaptive, and 
resilience-based decision-making. While concepts such as adaptive design and life-cycle cost 
analysis are recognized, guidelines on how to operationalize them using future hazard 
information is limited. Priority research is needed to link hazard projections with performance 
objectives, recovery, and long-term risk mitigation, rather than focusing solely on life-safety 
thresholds. 

5.2.5. Planning and Design Frameworks 

At the planning level, priority gaps reflect the need for screening-level, decision-support 
information that is consistent with later design phases. This includes improved planning-scale 
hazard characterization; clearer alignment between planning assumptions and final design 
requirements; and better frameworks to ensure future hazards are considered early, before 
siting and layout decisions are locked in. 

5.2.6. Codes and Standards 

Finally, the workshop highlighted a critical gap between available science and codified practice. 
Priority needs include clarifying how future hazards and uncertainty can be incorporated into 
codes and standards without undermining consistency or enforceability, addressing 
limitations of current stationary assumptions, and identifying pathways for updating provisions 
between code cycles as science evolves. 

 Summary 

The workshop attendees identified several higher-priority research topics, including (1) 
improved communication to engineers regarding the hazard, future climatic conditions, and 
how the design parameters are computed; (2) efficient development of site-specific hazard data 
and design criteria; (3) uncertainty quantification of future conditions; (4) development of 
minimum requirements for spatiotemporal data for each hazard; and (5) standard methods for 
developing a national, transparent, and open source database of hazards. 
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6. Section 6: Acronyms and Abbreviations 

AI   Artificial Engineering 
ASCE   American Society of Civil Engineers 
CO2   Carbon Dioxide 
FEMA   Federal Emergency Management Agency 
GCM   Global Climate Model 
GWL   Global Warming Level 
LCA   Life-Cycle Analysis 
NFIP   National Flood Insurance Program 
NIST   National Institute of Standards and Technology 
NOAA   National Oceanic and Atmospheric Administration 
RCM   Regional Climate Model 
RCP   Representative Concentration Pathway 
SEI   Structural Engineering Institute 
USACE  U.S. Army Corps of Engineers 
USGS   U.S. Geological Survey 
WSC   Workshop Steering Committee 
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Appendix A. Discussion of Priority Research Needs  

Each breakout group identified and prioritized its top research needs. The lists of needs from all 
the breakout sessions were combined into an overall list that was examined for themes. The 
following provides the original breakout session prioritized lists.  

A.1 Breakout 1  

1. Develop more efficient ways to identify site-specific hazard data and design criteria (e.g., 
riverine and urban flood hazards, microbursts); 

2. Standardize methodologies for national, transparent, open-source models to develop 
hazard data and maps for present-day and future conditions (e.g., hurricane models, flood 
maps independent from NFIP); 

3. Develop methods to combine observational data and models (i.e., model verification); 
4. Determine how to transition between stationary and nonstationary hazards for reliability 

analysis; and 
5. Quantify how future changes to the built environment affect hazards. 

A.2 Breakout 2 

1. Improve communication to engineers what the hazard is, metrics and statistics used to 
quantify it, and how they are computed. Because uncertainty is wide, choosing how to 
characterize or reconcile is an additional factor. 

2. Develop a framework on processing data (less emphasis on the data itself) and a centralized 
repository or compendium for data.  

3. Develop machine learning to fill gaps in uncertainty, downscaling, treatment of observable 
data, and perhaps in implementing a process. The breakout group noted that trustworthy AI 
models will require input from computer science and climate science, statisticians, and 
engineers.  

4. Low-hanging fruit: planning-level data are so close but could be improved with novel 
statistics (e.g., flood maps). 

A.3 Breakout 3 and 6 

1. Develop engineering software that could quickly assess the impacts on the reliability of the 
design:  

a. Why: so we can interrogate the climate model impacts at scale, quickly;  
b. We need to understand the tolerance for new uncertainties; and  
c. Evaluate implications, such as costs.  

2. Make good/better use of the data sources and methodologies currently used within 
actionable timescales. Understand needs from model outputs so we can easily consume the 
outputs (e.g., USGS into PUC process), including boundary organizations for infrastructure 
decisions potentially set up as experiments through the WCRP (as one of various work 
streams) to identify what is achievable in 10 years. Develop robust connections between 
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engineering needs and science capability such as discussion and consensus on specific 
design needs (select key engineering needs—not all outputs, but what is relevant and 
needed for engineering design—at the particular phases needed. For example, climate 
boundary organizations: What is this entity? What do we need it to do? Is this sector 
specific or encompassing? This will need resources: money, experts, and leadership. 

3. Improve communication of hazards and climate model results so design teams can 
evaluate/ and interpret the results across all stakeholders and evaluate impacts, especially 
costs. This includes 

a. Climate literacy and how we think about managing the risk: how to 
communicate to engineers and then to clients/owners/community;  

b. Part of the education is to understand the costs, risks, return on investments, 
and life-cycle costs; 

c. Many ensemble members of multidecadal global climate model simulations at 
convection-permitting model resolution;  

d. Why: we want higher special resolution (more detail), we want large 
ensembles/multidecadal simulations to sample plausible model outcomes and 
sample the three traditional sources of uncertainty well; 

e. This has an immediate direct application as this output is needed to provide 
appropriate data for engineering purposes; and 

f. We want global to have it all but if just CONUS is wanted just then we could do 
dynamic downscaling.  

4. Stress the need for the engineering community to align thinking with the historical records 
of environmental hazards to feel more comfortable with models of the future and 
determine when data are fit for the design purpose. 

A.4 Breakout 4 

1. Hazard data to support a life-cycle cost evaluation. Future hazard data to help engineers 
determine the optimum choice of material to be used for the exterior envelope, bridge 
construction material, and so on, based on their exposure to different extreme hazards, 
frequent hazards, and deterioration processes.  

2. Data for concurrent/compounding hazards. Hazard data are needed to develop load 
combinations for concurrent hazards. These include the duration of events and their 
frequencies and intensities (not only extremes). 

3. Improved measurement science for accurate determination of historical data. Better data 
collection and estimation of climate hazards, including freezing rain, rain fall rate, snow, wind 
speed, and so on. 

4. Determination of service life. Develop methods and future hazard data to address issues 
related to ensuring the reliability of the structure over its expected service life beyond the 
standard 50-year reference period. This involves optimizing the safety of the structure over 
the service life based on an understanding of the priorities of the long-term project owner 
and an understanding of the risks associated with the project. 

5. Data and design methods for hazards not currently fully considered. Climate projections 
indicate that the future may exhibit increases in some hazards that are not currently fully 
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considered in current design. Such hazards include wind-driven rain that may exacerbate 
damage to buildings damaged by wind pressures and hail, which is information needed for 
selecting and designing envelope systems and materials.  

A.5 Breakout 5  

1. Investigate uncertainties associated with chosen climate conditions (e.g., 3 °C warming);  
2. Evaluate climate models in terms of their hazard estimation relative to historical 

observations;  
3. Improve understanding and projecting of “extremes” (e.g., wind speeds with 1/1,000 annual 

exceedance probability) from climate science perspectives;  
4. Understand the ideal and minimum requirements for spatial/temporal resolution and 

projection time periods by hazard types; and  
5. Need temporary continuous data to support nonstationarity design criteria, such as replacing 

return period with lifetime exceedance probability and annual exceedance probability and 
including design life (start-end period and length) as a design parameter. 

 
Table A-1 summarizes the breakout session research needs. After the breakout session 
reporters presented and described their sessions’ research needs, the full group of participants 
rated each research recommendation from all breakout sessions. Table A-2 summarizes the 
research needs receiving the highest priority ratings. 
 
Table A-1. Breakout Session Research Needs, as Rated by the Workshop Participants 

Research need Neutral 
Lower 

priority Priority 
Highest 
priority 

Develop more efficient ways to identify fit-for-purpose, 
site-specific hazard data and design criteria (e.g., 
riverine and urban flood hazards, microbursts) 

6.7% 13.3% 53.3% 26.7% 

Standardize methodologies for national, transparent, 
open-source models to develop and archive hazard data 
and maps for present-day and future conditions (e.g., 
hurricane models, flood maps independent from NFIP); 
develop framework(s) for processing data and a 
centralized repository for data 

8.9% 15.6% 42.2% 33.3% 

Develop methods to combine observational data and 
models (i.e., model verification); improve measurement 
science and processing approaches for uniform 
determination of historical hazard data 

4.4% 22.2% 31.1% 42.2% 

Determine how to detect nonstationarity and transition 
between stationary and nonstationary hazards for 
reliability analysis; adapt the design criteria to 
nonstationarity 

6.7% 31.1% 31.1% 31.1% 

Quantify how future changes to the built environment 
affect hazards (i.e., future land use development) 11.1% 35.6% 37.8% 15.6% 
Improve communication to engineers and design teams 
on what the hazard is, climate model results, metrics, and 
statistics used to quantify it and how they are computed 

2.2% 8.9% 35.6% 53.3% 

Develop machine learning/engineering software to fill 
gaps in uncertainty, downscaling, treatment of observable 8.9% 42.2% 37.8% 11.1% 
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data, impacts on design reliability, and perhaps in 
implementing a process 
Improve planning-level data with novel statistics (e.g., 
flood maps) 24.4% 37.8% 33.3% 4.4% 
Use hazard data to support a life-cycle cost evaluation 13.3% 24.4% 35.6% 26.7% 
Make good/better use of the data sources and 
methodologies currently used within actionable 
timescales (e.g., understanding of needs from model 
outputs, including boundary organizations for 
infrastructure decisions) 

8.9% 22.2% 53.3% 15.6% 

Develop a suite of multidecadal regional and/or global 
climate model simulations that are run at convection-
permitting spatial resolution (4 km or finer) with variables 
relevant to engineering standards stored at temporal and 
spatial resolutions appropriate for the design of projects 

17.8% 24.4% 35.6% 22.2% 

Clarify how uncertainty could be considered in future-
conditions decisions for engineering approaches 11.1% 11.1% 37.8% 40.0% 
Better understanding about “extremes” from climate 
science perspective (e.g., 1/1,000 annual exceedance 
probability) 

4.4% 24.4% 37.8% 33.3% 

Understand the minimum requirements for 
spatial/temporal resolution, length (past and future), and 
continuousness of the projections by hazard types 

4.4% 17.8% 48.9% 28.9% 

Develop a database of concurrent/compounding 
hazards to create improved load combinations (e.g., 
moving from arbitrary point in time to copula treatment) 
and for site-specific hazard analysis 

8.9% 22.2% 48.9% 20.0% 

Determine the service life–window of future hazard data 
to extend service life beyond 50 years 15.6% 37.8% 31.1% 15.6% 
Develop data and design methods for hazards not fully 
addressed now that are projected to increase, including 
wind-driven rain and hail, and for future conditions 
needed for foundation design, including frost depth and 
permafrost, groundwater elevations, and saltwater 
intrusion into groundwater 

8.9% 28.9% 37.8% 24.4% 

Align understanding of the way global warming level is 
calculated by climate science community (e.g., 31-year 
average) and how engineering handles GWL (i.e., period 
used to evaluate reliability/risk) as the target future 
condition 

20.0% 26.7% 35.6% 17.8% 

 
Table A-2. Top Five Breakout Session Research Needs, as Rated by the Workshop Participants  
 

Rank Priority research needs 

1 Improve communication to engineers and design teams of what the hazard is, climate 
model results, metrics, and statistics used to quantify it and how they are computed 

2 Develop more efficient ways to identify fit-for-purpose, site-specific hazard data and 
design criteria (e.g., riverine and urban flood hazards, microbursts) 

3 Clarify how uncertainty could be considered in future-conditions decisions for 
engineering approaches 

4 Understand the minimum requirements for spatial/temporal resolution, length (past 
and future), and continuousness of the projections by hazard types 
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5 

Standardize methodologies for national, transparent, open-source models to develop 
and archive hazard data and maps for present-day and future conditions (e.g., hurricane 
models, flood maps independent from NFIP); develop framework(s) for processing data 
and a centralized repository for data 
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Appendix B. Workshop Materials 

B.1. Workshop Agenda 

SEI NIST Forward-Looking Codes and Standards:  
Future Hazards Workshop 

DATE: June 4–5, 2025 
LOCATION: ASCE Bechtel Conference Center,  
1801 Alexander Bell Drive, Reston, VA 20191 

 VIRTUAL: Zoom and Teams links sent separately 
 

Workshop Agenda_v3  
Workshop Director: Jayantha “Obey” Obeysekera, Ph.D., P.E., Research Professor,  

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

WORKSHOP MATERIALS: Link to Digital Materials Package (password: futurehazards)  
 
Day 1: June 4, 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–10:30am: Synergistic Efforts 
Presentations on current, ongoing synergistic work: this workshop will leverage and build on 
complementary efforts. 

• ASCE/SEI 7-28 Future Conditions including supported research [15 min];  
Abbie Liel, University of Colorado Boulder 

• NOAA-ASCE Partnership and Task Force Efforts [15 min];  
Dan Walker, University of Maryland 

• ASCE Committee on Adaptation to a Changing Climate [15 min];  
Sihan Li, RWDI 

• ASCE/SEI Effects of Climate Change on Life-Cycle Performance of Structures and Infrastructure 
Systems [15 min]; Michel Ghosn, City College of NY 

10:30pm–10:50am: PICTURE + COFFEE BREAK 

10:50am–12:00pm: Practice Perspectives for Future Hazard Characterization  

https://upload.asce.org/public/folder/b1r6ifun10axabbaxeaksg/Future%20Hazards%20in%20Design%20Workshop%20Materials
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Presentations of projects that characterized future hazard for design and panel discussion of 
“What do you wish you had?” to prime thinking for breakout sessions.  

• Case Study: Vermont Port of Entry (snow/wind/temperature) [15 min];  
Kevin Borth, HGA 

• Case Study: NYC Eastside Coastal Resilience (coastal inundation/flood/SLR) [15 min];  
Badre Enam, ARCADIS 

• Case Study: West Coast High Speed Rail (temperature, riverine flooding) [15 min];  
Meg Ackerson, ARUP 

• Case Study Moderated Panel Discussion with Case Study Speakers and Q&A [25 min]; 
Moderator: Jayantha “Obey” Obeysekera 

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

12:30pm–1:30pm: Plenary Discussion  
Session to define the state of the art and the ideal state, followed by instructions for the 
breakout sessions.  

Moderators: Jayantha “Obey” Obeysekera, Therese McAllister, Jennifer Goupil 
• Current State of the Art: ASCE-NOAA Summer Workshop 2024 [15 min]; Joe Barsugli 

Overview of co-evolution of climate science and engineering standards/practice 
• Goals for Future State [30 min]; all participants  

Discussion of goals for characterizing future hazards for engineering applications 
• Research Agenda for Advancing Future Hazard Characterization and Design [15 min] 

Discussion of process to identify and prioritize research needs: 

1. Project data needs for hazards (such as, but not limited to, level of detail (spatial, temporal), 
planning horizon, etc.) 

2. Hazard design needs by phase: (1) Planning (concept permits, feasibility) and (2) final design 
3. Science/analysis capabilities needed to address gaps in hazard data by phase 

GOAL: Identify and prioritize the top three to five needs to address the gaps in hazard data by phase. 

1:30pm–1:45pm: MOVE TO ASSIGNED BREAKOUT ROOMS (see following plan) 

 
1:45pm–3:30pm: Concurrent Breakout Sessions 
3:30pm–3:45pm: COFFEE BREAK 
3:45pm–4:45pm: Concurrent Breakout Sessions (cont.) 
4:45pm–5:00pm: Reconvene  
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o Summary and Adjourn Day 1  
Day 2: June 5, 8:00am–12:00pm ET  
7:30am–8:00am: NETWORKING CONTINENTAL BREAKFAST PROVIDED 
8:00am–8:15am: Welcome 

o Purpose and Goals of Day 2 
8:15am–11:45am: Report Out and Prioritization  

ο Breakout Session Report Out [25 min EACH = 15 min + 10 min Q&A] 
ο Prioritization of Research Needs [20 min] 

10-minute COFFEE BREAK 
ο Moderated Panel Discussion of WSC [30 min] 

Moderator: Jayantha “Obey” Obeysekera 
Panelists: Workshop Steering Committee  

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

 
----------------------------------------------------------------------------------------------------------------------- 
12:30–3:30pm: Workshop Steering Committee Meeting 
----------------------------------------------------------------------------------------------------------------------- 
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B.2. Workshop Presentations 

B.2.1. Day 1: Overview Presentation  
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B.2.1.1. Synergistic Efforts: Loads Considering Future Conditions; Abbie Liel 
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B.2.1.2. Synergistic Efforts: NOAA-ASCE Partnership and Task Force Efforts; Dan Walker 
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B.2.1.3. Synergistic Efforts: ASCE Committee on Adaptation to a Changing Climate; Sihan Li  
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B.2.1.4. Synergistic Efforts: ASCE/SEI Effects of Climate Change on Life-Cycle Performance of 
Structures and Infrastructure Systems; Michel Ghosn 
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B.2.1.5. Practice Perspectives: Vermont Port of Entry; Kevin Borth 
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B.2.1.6. Practice Perspectives: NYC Eastside Coastal Resilience; Badre Enam  
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B.2.1.7. Practice Perspectives: West Coast High Speed Rail; Meg Ackerson 
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B.2.1.8. Current State of the Art: ASCE-NOAA Summer Workshop 2024; Joe Barsugli 
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B.2.2. Plenary: Goals for Future State 
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B.2.3. Day 2 Slides: Overview Presentation  
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Appendix C. Workshop Reading Material  

ASCE and NOAA. 2023. ASCE–NOAA Workshops on Leveraging Earth System Science and 
Modeling to Inform Civil Engineering Design. Ayyub, B.A., DeAngelo B., Walker, D., and Barsugli, 
J. (editors) https://doi.org/10.25923/e8kn-n884  

Barsugli, J. J., D. Walker, M. N. Edwards, B. M. Ayyub, C. J. Anderson, D. B. Barrie, B. Bean, M. T. 
Bensi, H. M. Brooks, B. J. DeAngelo, F. T. Lombardo, B. K. Parsons, and M. R. Tye. 2024. Climate 
Risk Reduction: Hazards and Processes for Operationalizing Climate Information into ASCE 
Standards and Manuals of Practice. ASCE-NOAA Summer Workshop Series. 
https://doi.org/10.25923/0d8c-dw27. 

 

 

  

https://doi.org/10.25923/e8kn-n884
https://doi.org/10.25923/0d8c-dw27


NIST GCR 26-071 
July 2026 

  

 

174 

Appendix D. Workshop Participants 

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

 

Ahmed Abdelaal SUNY Polytechnic Institute 

Meg Ackerson Arup 

Joe Ackroyd Department of Buildings 

Ahmed Attar National Research Council Canada 

Michele Barbato 
University of California, Davis 
CITRIS and the Banatao Institute 

Joe Barsugli University of Colorado Boulder 

Walter Baumy Arcadis 

Brennan Bean Utah State University 

Kevin Borth HGA 

Alex Cannon Climate Research Division, Environment and Climate Change Canada 

Eun Cha University of Illinois at Urbana-Champaign 

Christopher Clavin NIST 

Daniel Cox Oregon State University 

Subhadarsini Das Central Michigan University 

Keith Dixon NOAA Geophysical Fluid Dynamics Laboratory 

Irem Efe NIST 

Bruce Ellingwood Colorado State University 

Badre Enam Arcadis 

Michel Ghosn The City University of New York (CUNY) 

Matt Gilbertson Simpson Gumpertz & Heger 

Elisabeth Gilmore Carleton University 

Jennifer Goupil ASCE/SEI 

Ruohua Guo Reliability Equity LLC 

Jennifer Helgeson NIST 

Hanping Hong University of Western Ontario 

Ayse Hortacsu Applied Technology Council 

Katherine Johnson NIST 
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Scott Jones National Institute of Standards and Technology 

Kenneth Kunkel North Carolina State University 

Ariane Laxo HGA 

Marc Levitan NIST 

Sihan Li RWDI 

Abbie Liel University of Colorado  

Ning Lin Princeton University 

Zoubir Lounis National Research Council Canada 

Therese McAllister NIST 

Amanda McCarty NOAA 

Lauren Mudd Applied Research Associates 

Andrew Newman NSF NCAR 

Aron Newman NIST 

Sissy Nikolaou NIST 

Jayantha Obeysekera Florida International University 

Eyitayo Opabola University of California, Berkeley  

D.J. Rasmussen Degree Day LLC 

Siamak Sattar NIST 

Don Scott Consultant 

Greg Soules CB&I 

Katie Stueckle SEI 

Seth Thomas KPFF 

Mari Tye Johns Hopkins University 

Peter Vickery Consultant 

Dan Walker University of Maryland 

Yating Zhang NIST 

Xuebin Zhang Pacific Climate Impacts Consortium, University of Victoria 

Erik Zuker HNTB 
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