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BETTER WILDFIRE 
MODELS SAVE PROPERTY 
AND LIVES
NCAR advancements equip first responders with more useful 
information, faster

INDUSTRY:  PUBLIC SECTOR 

REGION:  UNITED STATES

VISION

Empower emergency responders 
with fast, effective, granular 
predictive models of wildfire behavior 

STRATEGY

Build more sophisticated models 
by simulating how weather and 
fire interact, combining machine 
learning with physical data—without 
sacrificing modeling speed

OUTCOMES

• Support insights into terrain, 
conditions to within 30 meters

• Equip stakeholders to get 
predictions within 1–3 hours

• Improve ability to model variables 
and quantify uncertainties

For first responders, quickly and accurately anticipating 
where wildfires are headed is critical to successful 
containment. But wildfire behavior is heavily influenced 
by local conditions and terrain, which many forecast 
technologies do not resolve. NCAR is harnessing the 
latest advances in science and supercomputing to derive 
life‑saving insights from vast amounts of disparate data. 
Now, the team is supercharging its modeling environment to 
be even more predictive, granular, and hyperlocal.

Wildfires kill. They destroy property—tens of billions of dollars’ worth annually. And 
at Colorado‑based National Center for Atmospheric Research (NCAR), everyone 
knows someone whose life has been changed by a wildfire’s devastating power. 

“Wildfires are a regular threat in and around Boulder,” says Jason Knievel, deputy 
director for science in the National Security Applications Program of NCAR’s 
Research Applications Laboratory. “We all know people who have had their homes 
threatened, and sometimes destroyed, by wildfire.”

So, it’s no surprise that for Knievel and Branko Kosović, director of NCAR’s Weather 
Systems and Assessment Program, understanding wildfire behavior is personal; their 
work may someday save the property or life of someone they know—a colleague, 
neighbor, family member, or friend. 

NCAR—a research and development center funded by the National Science 
Foundation—builds high‑resolution weather models, most notably WRF‑Fire, which 
combines a wildfire behavior model with NCAR’s industry‑leading Weather Research 
and Forecasting (WRF) model. WRF‑Fire and other models are leveraged by a range 
of stakeholders, including firefighters and other emergency responders, incident 
meteorologists, and air quality specialists, who use them to predict wildfire behavior. 
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Stakeholders partner with NCAR on 
model development, using NCAR’s 
supercomputers and rich storehouse 
of datasets; once models are finalized, 
resources outside NCAR are used as 
operational platforms. 

Building and refining these models for 
transfer to stakeholders is a daunting 
challenge. Weather and wildfires 
are highly complex by themselves. 
Simulating the combination of the two 
requires NCAR to apply models that are 
among the most sophisticated in the 
world—for example, FastEddy®, a new 
large eddy simulation model developed 
by the research center to understand 
atmospheric turbulence and perhaps to 
serve as a future tool for understanding 
fire weather. “Everything from wind 
and humidity, to terrain, to type, and 
condition of regional vegetation can 
influence how wildfires spread,” says 
Knievel. “So, it’s never really ‘a’ model 
or ‘the’ model. In reality, it’s a collection 
of models because the more processes 
you try to account for, and the more 
accurately you try to account for them, 
the more equations are involved.”

The complexity of NCAR’s modeling 
solutions is amplified by the need for 
granularity and speed. 

Wildfire intensity and spread can be 
affected by highly localized factors: 
a stand of dead trees, the angle of 
slope of a mountainside, or yesterday’s 
pop‑up thunderstorm that soaked one 
neighborhood but missed another. “If 
you have a stream in one place and dry 
brush in another, that’s going to impact 
wildfire behavior,” Knievel notes. “And 
very often, that kind of hyperlocal insight 
is what responders need the most.”

Wildfire prediction models must also be 
fast. During a wildfire, conditions on the 
ground can change dramatically in a 
matter of minutes. The more current the 
prediction, the more likely responders 
can deploy resources in the right 
place—and protect frontline firefighters 
from being needlessly exposed to 
life‑threatening conditions. 

Better resolution than 
commercial forecasts 

To better meet its stakeholder needs, 
NCAR researchers are focused on 
advancing their wildfire models’ 
usefulness in a number of ways.

The current standard in forecasting 
systems is based on a grid that maps 
the physical conditions of terrain to a 
resolution of a mile or two, at best. That’s 
not fine enough. The researchers would 
like, one day, to generate predictions of 
weather and wildfire behaviors to finer 
than 100 feet. “That’s considerably 
finer than today’s commercial weather 
forecast,” Kosović notes.

A related advancement is based on 
combining physical modeling with 
machine learning to calculate moisture 
levels in vegetation. Gathering field 
data on the condition of vegetation is 
expensive and labor‑intensive. There 
are only about 2,000 sites in the United 
States where field researchers regularly 
collect vegetation and measure its 
moisture levels. So, NCAR has devised 
an alternative. Kosović and his team use 

We have all been touched by wildfires. We 
all know what it’s like to face pre‑evacuation 
orders or to see flames only a mile away.”
–  BRANKO KOSOVIĆ, DIRECTOR, WEATHER SYSTEMS AND ASSESSMENT PROGRAM, NCAR
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machine learning to combine vegetation 
data from satellites, output from the 
National Water Model, terrain data, 
and the limited available ground‑truth 
moisture data. The result is that NCAR’s 
models know vegetation moisture 
levels, and how they change every day, 
to a resolution of as little as a half mile. 
This significantly improves its ability to 
model wildfire risks on a localized scale.

These advancements in NCAR’s 
models have consequences, however. 
The team’s requirements for compute 
resources has grown substantially. “A 
good rule of thumb,” explains Kosović, “is 
that if you want twice the resolution, you 
need ten times the computing power.”

Major steps forward in 
speed, fidelity, and coverage 

The NCAR team currently develops 
and tests its wildfire and other weather 
prediction models on an HPE SGI 8600 
system. In upcoming months, NCAR is 
upgrading this platform to an HPE Cray 
EX supercomputer. 

The new platform will increase available 
memory and usable file system 
space, helping to ensure that as the 
researchers’ models become more 
complex, the platform can keep pace. 

The new supercomputer is also more 
energy efficient, delivering up to six times 
the performance per watt of energy. 

The new platform will add this 
capacity while simultaneously 
boosting modeling speed. As a 19.87 
petaflops system, the HPE Cray EX 
supercomputer is theoretically able to 
perform 19.87 quadrillion calculations 
per second, almost 3.5 times faster 
than the research center’s current 
supercomputer.1 NCAR wildfire models 
will be able to complete simulations 
faster, at higher resolution, on larger 
domains. 

Fast time‑to‑result is a crucial 
advancement for emergency 
responders. “It’s one thing to represent 
wildfire behaviors mathematically and 
translate that into computer code,” 

Knievel says. “But wildfire simulations 
must be delivered quickly to be fully 
useful. When we build faster models, we 
contribute significantly to firefighters’ 
ability to do their jobs.” 

NCAR’s new supercomputer will also 
help it better quantify uncertainties. 
By expanding its supercomputing 
processing power, researchers will 
have more resources to run multiple 
models, test more parameters, and 
leverage ensemble modeling to support 
probabilistic predictions. 

“When our predictive models are higher 
fidelity, when they can be run more 
quickly, responders can use them more 
effectively to understand risks and make 
informed decisions,” Kosović concludes. 
“Upgrading to the latest generation 
of supercomputer will equip us with 
even more of the processing power 
we need to conduct our research and 
development—work that enables us to 
build models that firefighters can use 
to protect themselves, protect property, 
and save lives.”

The resolution of weather forecasts today 
is a few miles. For firefighters to understand 
what wildfires might do and how to respond, 
they need models that are significantly 
finer. Upgrading to the latest generation of 
supercomputer will give us the processing power 
we need to enable those kinds of simulations.”
–  BRANKO KOSOVIĆ, DIRECTOR, WEATHER SYSTEMS AND ASSESSMENT PROGRAM, NCAR

1  hpe.com/us/en/newsroom/press‑release/2021/01/hewlett‑pack‑
ard‑enterprise‑to‑build‑35m‑supercomputer‑for‑the‑national‑cen‑
ter‑for‑atmospheric‑research‑to‑improve‑predictions‑of‑wild‑
fires‑hurricanes‑and‑solar‑storms.html
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• HPE SGI 8600 system
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• HPE Cray EX supercomputer 

• Cray ClusterStor E1000 Storage 
system

• HPE Slingshot 

• NVIDIA® A100 Tensor Core GPUs

SOFTWARE

• HPE Cray Programming 
Environment
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