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RAL's expertise and tools significantly advance
our understanding of mesoscale and urban-
scale weather and climate processes,

especially in the boundary layer.

RAL helps defense and national-security partners decide when and
where missions can operate safely, how weather may affect tests and
system performance, and how to protect personnel, equipment, and
critical facilities. We provide environmental intelligence for test-range
scheduling, aviation and uncrewed operations, hazardous-release
response, infrastructure planning, and other high-consequence
activities. Our forecasts, risk guidance, and decision-support systems
turn complex atmospheric information into mission-specific choices,
from immediate go/no-go decisions to seasonal planning.

National Security

National-security organizations make consequential decisions under
rapidly changing and uncertain environmental conditions. RAL helps
them understand current conditions, anticipate what may happen
next, and assess the potential consequences. Our work combines
high-resolution weather prediction, artificial intelligence, urban and
microscale modeling, hazardous-material transport and dispersion,
environmental data integration, forecast evaluation, and decision-
support systems. Long-standing work with the U.S. Army Test and
Evaluation Command (ATEC), along with projects for the National
Ground Intelligence Center (NGIC) and Defense Threat Reduction
Agency (DTRA), demonstrates our ability to move research into
operational use.
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4DWX

Developed with ATEC, the Four-Dimensional Weather
System (4DWX) provides continuously updated
observations, analyses, forecasts, observations, and
decision-support information for Army test ranges.
It helps forecasters and range personnel anticipate
hazards, optimize test planning, protect people and
equipment, and use resources efficiently. Decades
of operational experience with 4DWX also provide a
foundation for advancing and rigorously evaluating
next-generation capabilities that incorporate
higher-resolution modeling, improved observations,
artificial intelligence, and clearer communication of
forecast uncertainty.

4DWX technologies and RAL expertise have also
supported hazardous-release assessment,
counterproliferation planning, major-event security,
urban atmospheric modeling, critical-facility
protection, and wildfire response.

Hazardous Releases

Accidental or intentional releases can threaten
people, infrastructure, and military operations.
Responders need to determine where material
originated, where it may travel, what may be
exposed, and how conditions could change.

RAL combines observations, weather prediction,
transport & dispersion modeling, and advanced
computing to improve these methods. Source
Term Estimation can work backward from available
observations to characterize an unknown release
and reconstruct its movement. These capabilities
support emergency response, consequence
assessment, forensic analysis, preparedness
exercises, and research involving chemical,
biological, or radiological incidents.
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High-Resolution Modeling

Conditions can vary dramatically across an
installation, city, valley, coastline, or complex
terrain. RAL models these local environments in
greater detail, including winds and turbulence
around buildings and terrain. Advanced computing
enables faster, larger simulations that improve
understanding of hazardous-material transport,
urban weather, infrastructure risk, aviation
conditions, and other mission-relevant hazards.

Turning atmospheric science,
Al, advanced computing, and
rigorous evaluation into trusted
environmental intelligence for
critical decisions

Environmental Information

National-security planning extends beyond
immediate forecasts. RAL develops regional
climate and environmental datasets describing
typical conditions, extremes, seasonal patterns,
and fine-scale variations, including locations with
limited observations. This information supports
environmental risk assessment, infrastructure
and operational planning, site evaluation, and
preparation for future missions.

Trusted Forecasts

RAL develops and evaluates Al-based, conven-
tional, and hybrid forecasts when quality, reliability,
and timeliness matter. METplus provides consistent
methods and metrics for objectively assessing envi-
ronmental prediction systems. Building on METplus,
BEACON—Benchmark Evaluations for Al and CON-
ventional prediction systems—compares Al, phys-
ics-based, and hybrid systems on a common basis.

BEACON focuses evaluation on real decisions:
whether forecasts provide reliable information at
the locations, times, thresholds, and lead times
users need. Together, METplus and BEACON help
national-security partners understand emerging
technologies’ strengths and limitations and adopt
new capabilities with confidence.
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