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We are witnessing urgent events, including extreme weather events, wildfires, 
natural disasters, cyberattacks, pandemics, and infrastructure failures, with 
increasing frequency and impact. At the same time, technological advances and 
strategic investments have resulted in the pervasive availability of a continuum of 
unparalleled computational and data capabilities, services, and expertise, which, 
if harnessed, make it possible to move beyond ad hoc judgments to respond to 
such events and enable rigorous, data-driven decision making to save lives, protect 
property, and safeguard public health. Urgent science refers to science that 
supports rigorous, data-driven decision making in response to emergencies while 
effectively managing inherent uncertainties. Urgent computing refers to computing 
that supports urgent science. It can be defined as computing under strict time 
and quality constraints to support decision making with the desired confidence, 
within a specified time interval. The goal is to effectively leverage a diverse set of 
computing and data resources distributed across the end-to-high-performance 
computing (HPC)/cloud digital continuum to detect events, develop responses, 
and trigger actions. Several computational science and engineering research 
challenges underlie the vision of urgent science and the realization of urgent 
computing. This special issue of Computing in Science & Engineering focuses on 
articles that address various aspects of urgent computing and urgent science, 
including use cases, mathematical foundations, computational frameworks and 
services, policy and governance structures, and end-to-end experiences.

BACKGROUND AND MOTIVATION
This special issue is inspired by experiences within the 
computational research community that highlight the 
need for focused efforts to streamline urgent science 
and urgent computing as focused areas for collabo-
ration, translational research, and innovation. For ex-
ample, the COVID-19 High-Performance Computing 
Consortium, established to support our response to 
the COVID-19 pandemic, served as an unprecedent-
ed natural experiment in urgent computing, revealing 
both our tremendous capabilities and critical gaps. 

Within weeks in March 2020, an international consor-
tium mobilized computational resources across seven 
countries, demonstrating that when faced with exis-
tential threats, the scientific community can rapidly 
coalesce around shared infrastructure.1 Yet this same 
experience exposed a troubling paradox: Although 
we possessed the computational power and data to 
make informed decisions, fundamental disconnects 
prevented us from using them effectively. First re-
sponders continued working with spreadsheets while 
sophisticated predictive models remained inaccessi-
ble to those who needed them most. Data collected 
by one agency remained siloed from researchers want-
ing to use them. The human challenge of onboarding 
and behavioral change proved as formidable as any 
technical hurdle. However, these experiences as well 
as the recognition of potential benefits of an agile 
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cyberinfrastructure that could be mobilized to support 
responses to urgent events led to the formulation of 
the National Strategic Computing Reserve (NSCR).2

More recently, Hurricane Otis in October 2023 fur-
ther crystallized these lessons and the need for urgent 
computing and an NSCR in devastating clarity. The storm 
struck Acapulco as a Category 5, having been predicted 
just hours earlier as a Category 1. The critical water-sur-
face temperature data that would have revealed the 
storm’s rapid intensification existed but weren’t integrat-
ed into the models because they were siloed and unavail-
able to the models that were predicting the storm. This 
single coordination failure resulted in preventable loss of 
life and billions in damages. These experiences motivate 
a fundamental shift, expanding the understanding of ur-
gent computing beyond a technical challenge to a com-
plex decision-science problem that requires integrating 
computational capabilities with human decision-making 
processes under extreme time constraints.

This special issue examines urgent computing 
through multiple lenses that reflect the multidimen-
sional nature of the challenge. The technical dimen-
sion encompasses infrastructure provisioning and 
mobilization, software stack readiness, and the devel-
opment of robust uncertainty quantification methods 
for time-constrained decision making.4 The data di-
mension addresses discovery, access, and sharing as 
well as the complex web of privacy, security, and own-
ership concerns that prevent critical information from 
reaching decisionmakers when needed. The human 
dimension explores the behavioral changes required 
for adoption, the training needed to bridge capability 
gaps, and the organizational structures necessary for 
effective coordination across agencies and domains.

The scope extends from immediate crisis response 
to long-term strategic planning, recognizing that ef-
fective urgent computing requires both reactive and 
proactive elements. We examine cases ranging from 
natural disasters and pandemics to cybersecurity 
threats and infrastructure failures, each presenting 
unique challenges while sharing common require-
ments for rapid, data-informed decision making. The 
articles in this issue span theoretical frameworks, 
practical implementations, policy recommendations, 
and real-world case studies that collectively advance 
our understanding of how to transform computational 
potential into actionable intelligence during crises.

The research challenges in urgent computing ex-
tend far beyond traditional computational and com-
puter science problems. Time constraints are a fun-
damental challenge: how do we plan for exceptions 
when we don’t know when they will occur? How do 

we maintain readiness for low-probability, high-impact 
events while managing the immediate demands of 
daily operations? The onboarding challenge revealed 
during the COVID-19 pandemic remains unsolved—
how can we enable nontechnical stakeholders to 
leverage sophisticated computational tools without 
extensive training, especially during crisis conditions 
when learning new systems is most difficult?

Data integration poses both technical and organi-
zational challenges. The Hurricane Otis failure wasn’t 
due to missing data but rather the inability to bridge 
agency silos in real time. How do we create systems 
that can automatically discover, access, and integrate 
relevant data across organizational boundaries while 
respecting privacy and security constraints?

Decision support for high-consequence, complex 
problems, particularly under time constraints and ur-
gency, thus requires robust, reliably available cyber-
infrastructure. Research is also needed to develop 
robust system infrastructure and services capable of 
supporting automation, dynamic execution, and com-
posable computing systems that can adapt as needs 
shift, while ensuring security and supply chain resil-
ience. Equally critical is the need for advanced data in-
frastructure, data management capabilities, and data 
access and analytics services to support computa-
tional decision support. Handling vast numbers of di-
verse, often messy, and streaming data is a significant 
challenge. Complementing these computing and data 
needs are foundation and translational research chal-
lenges underlying urgent workflows.

Uncertainty quantification under time pressure 
presents unique methodological challenges: tradi-
tional approaches often require computational time 
that we don’t have during urgent events. We need new 
methods that can provide decision makers with ac-
tionable confidence intervals within the narrow time 
windows available for a response.

The coordination problem spans both vertical and 
horizontal dimensions. Vertically, we see a disconnect 
between strategic planning and operational respons-
es, with high-level models and analyses failing to 
translate into actionable guidance for field personnel. 
Horizontally, agency silos prevent the flow of critical 
information and resources. These challenges require 
advances in translational interfaces, workflow auto-
mation, and governance structures that can function 
effectively under extreme time pressure.

The convergence of several technological and orga-
nizational trends creates unprecedented opportunities 
for advancing urgent computing. Artificial intelligence 
(AI) and machine learning offer new possibilities for 



 

GUEST EDITORS’ INTRODUCTION 

6 Computing in Science & Engineering April-June 2026

automated data assimilation, anomaly detection, and 
rapid model adaptation. Agentic AI systems could po-
tentially bridge the gap between data collection and 
utilization that proved fatal in Hurricane Otis, automat-
ically discovering and integrating relevant information 
across organizational boundaries. Cloud computing 
and containerization technologies enable the rapid 
deployment of computational resources and software 
stacks, addressing some of the provisioning challenges 
identified during the pandemic response.

The lessons learned from the COVID-19 High-Per-
formance Computing Consortium and the subsequent 
NSCR blueprint provide a foundation for systematic im-
provement. We now understand that success requires 
not just technical infrastructure but also standard 
operating procedures that embed computational de-
cision support into crisis response workflows. The DE-
CIDE workshop and agency tabletop exercises have be-
gun building the cross-sector relationships and shared 
understanding necessary for effective coordination.

Perhaps most importantly, there is now cross-ad-
ministration recognition that urgent computing rep-
resents critical national infrastructure, similar to the 
transformation in intelligence and security coordina-
tion following 9/11. This political alignment, combined 
with the increasing frequency and severity of urgent 
events, creates both the motivation and opportu-
nity for sustained investment in the organizational 
structures, training programs, and technical systems 
needed to realize the vision of data-informed crisis 
response.

OVERVIEW OF THE  
SPECIAL ISSUE

The articles in this special issue explore urgent com-
puting applications across diverse high-stakes do-
mains where rapid, informed decision making is criti-
cal. The collection addresses fundamental challenges 
in volatile, uncertain, complex, and ambiguous environ-
ments, proposing innovative technological and organi-
zational solutions. Although the articles span organi-
zational decision-making frameworks to cutting-edge 
applications in wildfire management, space explora-
tion, and coastal flood risk, central themes emerge 
as the authors emphasize a shift from traditional 
speed-focused approaches to readiness-centered par-
adigms that leverage preparedness, adaptability, and 
autonomous capabilities. In “A Field Guide to Decision 
Making,” ArthurA1 introduces the concepts of digital 
threads and decision provenance to enhance organi-
zational adaptability, while proposing a cultural com-
mitment to decision making through the framework of 

an “awakened enterprise” for transparent, accountable 
decision making that mitigates blame avoidance and 
excessive deliberation.

Practical application articles reframe readiness in 
urgent computing, human factors in extreme isolated 
settings, and advanced digital twins for risk manage-
ment. AltintasA2 recasts wildfire management from 
mere speed to comprehensive readiness through 
a wildfire science technology commons platform, 
demonstrating improved reliability and operational 
trust. Similarly, Panontin et al.A3 address communi-
cation latency barriers in deep space missions, ad-
vocating for advanced onboard AI, sensors, and HPC 
to enable Earth-independent operations and auton-
omous anomaly resolution by astronaut crews. Daw-
son et al.A4 showcase coastal-flooding research that 
uses transformers and machine learning to overcome 
computational bottlenecks in digital twin instantia-
tions, enabling rapid uncertainty quantification and 
real-time model correction. Collectively, these works 
demonstrate how agentic AI, human–machine team-
ing, and advanced cyberinfrastructure can transform 
urgent computing from reactive problem solving to 
proactive, intelligent systems capable of autonomous 
decision support across critical domains.

CONCLUSION AND  
FUTURE DIRECTIONS

Insights from the authors featured in this special issue 
underscore several essential themes that shape the 
evolving landscape of urgent computing and decision 
support.

Integration is a foundation recognized across the 
contributions; the authors identify the seamless in-
tegration of diverse computing data and knowledge 
resources, and it is repeatedly described as a critical 
enabler for effective urgent response. The articles 
demonstrate that robust solutions require orchestra-
tion among heterogeneous systems, real-time data 
streams, and interdisciplinary expertise. Yet the authors 
also highlight persistent challenges, such as engaging 
nontechnical stakeholders and bridging interoperability 
gaps between established and emerging platforms.

The authors concur that readiness is a strategic 
imperative as a defining attribute of modern urgent 
computing and science. The ability to quickly provi-
sion, mobilize, and adapt infrastructure and workflows 
in response to time-sensitive events is essential for 
high-consequence decision making. The authors col-
lectively stress that sustaining readiness demands not 
only advanced technology but also an organizational 
culture of preparedness and adaptability.
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Although technological capability is a core driver 
for improvement, the human dimension is cited as 
one of the most significant hurdles. The articles un-
derscore the importance of supporting users through 
the adoption process, building trust in the automated 
and AI-enabled systems, and ensuring transparency 
in decision processes. Overcoming resistance and 
fostering a culture of practice in urgent computing for 
decision support will require ongoing research and de-
liberate user-centered design.

The need for accountable, transparent, and ro-
bust decision making under uncertainty and time 
constraints is a recurring priority. The contributors 
emphasize the development of advanced uncertainty 
quantification methods and actionable decision-sup-
port tools. However, authors recognize that making 
these systems understandable, auditable, and oper-
ational for broad classes of stakeholders, including 
those without technical backgrounds, remains a key 
limitation.

Although each article showcases clear progress, 
the authors recognize persistent challenges. Looking 
ahead, real-world impact can be achieved through 
advances that develop scalable, resilient infrastruc-
ture for urgent computing, enhance data manage-
ment and provenance capabilities, and incorporate 
AI and machine learning approaches for real-time 

data assimilation and adaptive modeling. Addition-
ally, there is a critical need for user-centered design 
that prioritizes explainability, inclusivity, and trust in 
decision-support systems. Collaborative, interdis-
ciplinary efforts will be key to overcoming technical 
and human barriers, ultimately enabling more reli-
able, accountable, and adaptive responses to urgent 
challenges.

Building on these insights, the contributing authors 
recommend that future research focus on advancing 
scalable and resilient infrastructure for urgent comput-
ing, strengthening data management, integration, and 
provenance capabilities, and leveraging AI and machine 
learning for rapid data assimilation and adaptive model-
ing. Further, the authors advocate prioritizing user-cen-
tered design, explainability, and stakeholder trust. Ad-
dressing these challenges will require interdisciplinary 
collaboration, cross-organizational collaboration, and 
sustained commitment to bridging both technical and 
human divides to lay the groundwork for more reliable, 
accountable, and adaptive responses to urgent events. 
Together, these research directions will continue to 
advance our progress toward realizing the vision of an 
NSCR and allow us to respond to crises in an effective, 
informed, and timely manner with rigorous, data-driven 
decision making to save lives, protect property, and safe-
guard public health.
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