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2EARTH SCIENCE DIVISION

FireSense
• Delivering NASA’s unique Earth science and 

technological capabilities to US wildland fire 
management decision makers

• Enables applied and transferable research and 
technology

• structured community to liaison between 
on-ground practitioners and researchers. 

• co-development of solutions to practitioner 
identified top challenges

• testing and operational pathways for 
adoption by decision makers.

Top: NASA FireSense airborne campaign sites 2023-2024, Bottom: States with 
FireSense representation for the 357 collaborators from 26 states plus D.C. 



Missoula, MT
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Let me introduce you to Missoula, MT, if you have not visited . . . It’s a great place to live with beautiful mountains and rivers providing lots of outdoor opportunities. You can’t help but smile when you visit, (like my mother on the left), unless, 



Missoula, MT

(photo credit: Patrick Record/AP)

"Good morning, The smoke is 
thick, the inversions are 
strong, and the Smoke Spiral 
is still rotating overhead. It's 
messy out there, folks.”, 
Missoula City-County Air 
Quality Specialist, Sarah 
Coefield, Sept. 7, 2017
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It’s Fire Season

2007 – Missoula, MT smoke jumper base

Quote: https://www.mtpr.org/montana-news/2017-09-07/air-quality-update-for-western-montana-september-7-2017

A bicyclist makes his way down Higgins Avenue in Missoula, Mont. as smoke from the nearby Lolo Peak Fire fills the air on Monday, Sept. 4, 2017. The air quality is has been measured at hazardous by the Montana Department of Environmental Quality. (Patrick Record/AP) https://www.wbur.org/hereandnow/2017/09/20/montana-wildfires-climate-change-report



Missoula, MT

(photo credit: Patrick Record/AP)
Photo Credit:MTPR/Steve Mollenhoff
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on right, From the top of Missoula's Point Six looking at Sleeping Woman (Ch-Paa-qn) Peak, which is almost 8,000 feet in elevation Sept. 7, 2017.
roughly similar images, left one is ~500’ lower, I was too lazy to skin to the top of Point Six.



Missoula, MT August 2024

56 active fires burning across the 
state as of 8/9/24) making a 
staggering total 1,325 fires in 
Montana this year.

Sharrott Creek fire started Aug 23, 
2024 (3204 acres)

August 27th, 2024

https://inciweb.wildfire.gov/
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This was the state of fire season in Missoula in August of 2024 when we got a request from stakeholders. . . Go into some details of work we had done, what was being requested, and why.



Missoula, MT

Radar disadvantage in the Missoula area
due to radar shadows

https://www.weather.gov/nwr/sites?site=WXL25

Why have a FireSense demonstration?

OpenStreetMap: https://www.openstreetmap.org/copyright
OpenTopoMap (CC BY-SA 3.0): https://creativecommons.org/licenses/by-sa/3.0/legalcode.en
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With concerns regarding windy conditions, Missoula is at a disadvantage with its radar coverage. 

https://www.weather.gov/nwr/sites?site=WXL25

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.openstreetmap.org%2Fcopyright&data=05%7C02%7Cjennifer.w.fowler%40nasa.gov%7Cca2332984c8d46a142ce08dd2e89d133%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638717891627285999%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=sWUPGK1UZj0vWWBVOjxP3evPY3e18qnGh9DvjYNbll8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-sa%2F3.0%2Flegalcode.en&data=05%7C02%7Cjennifer.w.fowler%40nasa.gov%7Cca2332984c8d46a142ce08dd2e89d133%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638717891627309456%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=7YG0JtQarQH0658yr1A7P9g9T1EUjIxnqdmB%2BzFLCH0%3D&reserved=0


FireSense Montana Deployment

With MITRE Corporation and ESRI, FireSense technology demonstration:
• Uninhabited Aerial Systems (UAS) for atmospheric vertical soundings
• featured a NASA-designed payload on an Alta-X UAS
• consistent with current USFS UAS operational platforms
• co-located balloon soundings for validation and near real-time visualization.

NASA Alta X vertical sounding data collection in 
a smoke impacted environment. NASA 
ARC/Milan Loiacono

FireSense project office discussion with practitioners. 
NASA ARC/Milan Loiacono

NASA Alta X vertical sounding data collection 
visualizations. NASA ARC/Milan Loiacono

“This was an organized, cohesive field 
demonstration highlighting promising 
[NASA] technology.” Zach Holder, United 
States Forest Service, Incident Awareness 
& Assessment Program Manager

“It was great to see and discuss the possibilities 
of drone weather sensors as it relates to fire 
weather during your field campaign in August.” 
Dan Zumpfe, Science and Operations Officer, 
National Weather Service - Missoula, MT
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Presentation Notes
Addressing the need for enhanced tactical microclimate wind forecasting aligns with the FireSense fire life cycle use cases. In August 2024, smoke from multiple wildfires impacted Missoula, MT's community air shed.

With MITRE Corporation and ESRI, FireSense responded with a technology demonstration of Uninhabited Aerial Systems (UAS) for atmospheric vertical soundings for wildland fire operations. This demonstration featured a NASA-designed payload on an Alta-X UAS, consistent with current USFS UAS operational platforms, and included co-located balloon soundings for data validation and near real-time data visualization.




Missoula, MT

Smoke forecast courtesy of Montana Department of Environmental Quality Satellite photo, Missoula Public Health

Requesting permission

NOAA GOES 18 Satellite image modified by Sarah Coefield, Missoula Public Health
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We arrived in Missoula Aug. 26 with a target of data collection on Aug. 27th. This was the smoke forecast as put out by the Montana DEQ for Aug 27.

https://deq.mt.gov/News/smokeforecasts-folder/08-27-24
https://missoulapublichealth.org/wildfire-smoke-update-july-26-2024/



Missoula, MT August 27th, 2024

• Cold front passage in afternoon starting 
around 1pm local time

• Gusts could exceed 40 mph
• Concern for increased fire behavior and 

smoke production

Forecast

Presenter
Presentation Notes
This was the overall weather forecast for Aug. 27th. Note the timing of the wind gusts, predicted to start at 1pm MDT, with fire behavior concerns typically during the warmest time of the day (2 – 5pm) through sunset.

https://deq.mt.gov/News/smokeforecasts-folder/08-27-24
https://weatherspark.com/h/d/2394/2024/8/27/Historical-Weather-on-Tuesday-August-27-2024-in-Missoula-Montana-United-States#Figures-WindSpeed

Note: variable wind directions and speeds; 1pm local time 5 kts (17 mph) from North, 3pm local time 15 knots from North-East then steady(ish) from the East.

Differing forecasts



FireSense Montana Deployment August 27th , 2024 

A weather balloon carrying a radiosonde. NASA ARC/Milan 
Loiacono
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 - Note the differences in wind speed compared to the forecast, 6 m/s = 13 mph, 8 m/s = 18 mph, 14 m/s = 31 mph

1900Z = 1pm MDT, forecasted  ~20mph with gusts to 25 mph, was <1 m/s (2 mph)
2100Z = 3pm MDT, forecasted ~10 mph, was 13 mph
2200Z = 4pm MDT, forecasted 20mph with 30 mph gusts, was ~ 2 m/s wind speed (4 mph)

- We started seeing significant gusts about 6pm MDT, hence a delay by in increasing activity by 5 hours.



FireSense Montana Deployment August 27th , 2024 

NASA Alta X vertical sounding data collection. NASA 
ARC/Milan Loiacono
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Evolution of the inversion change throughout the day on 8/27/24 using balloon sounding data. A cold front passed through that evening and smoke settled into the Missoula Valley by 8/28/24. 



FireSense Montana Deployment

8/28/24 8/29/24
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UAS and balloon wind data for 8/28/24

Wind direction (3b middle panel) was highly variable 8/29/24 with changes recorded in < 5  min, which is normally difficult to capture. There were also the drift difference between the balloon and UAS

Radiosonde data quality evaluation before, during, and after each launch.
Surface station data calibration and quality checks to assure methodology and establish baseline values prior to field demonstrations.
Post flight data analysis to assure methodology and validation against balloon soundings prior to successive field demonstrations.
Wind speed and direction corrections to account for rise rate plus aircraft pitch and roll.




FireSense Montana Deployment We worked with partners for near 
realtime visualizations and 
forecasts.

ESRI sample cluster analysis for data collected from 
balloon borne sondes below.

Lower RMS error with Score-based Data Assimilation 
(SDA) (blue) vs. NOAA HRRR (orange) shown above

Image by ESRI/Jonah Hall

Graphics by MITRE/Conor Lewellyn

Above, RMS error when compared to MesoWest weather station 
observations for the “Score-based Data Assimilation” (SDA) model run by 
MITRE and the NOAA HRRR model for wind speed at 10 meters in the u 
direction (left), v direction (middle), and 2-meter temperature (right). 

SDA
   HRRR
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Discuss collaborations

Demonstration of sample cluster analysis for data collected from balloon borne sondes for NASA Missoula MT sounding campaign in August 2024. ESRI/Jonah Hall

The graphics show the root-mean square error when compared to MesoWest weather station observations for the “Score-based Data Assimilation” (SDA) model run by MITRE during the Missoula deployment and the NOAA HRRR (High Resolution Rapid Refresh) model for wind speed at 10 meters in the u direction (10u) (left), v direction (10v) (middle), and 2-meter temperature (right). Random samples of locations from the MesoWest station data are used to generate multiple comparisons at each time step. Further analysis is on-going to quantify differences in error between the models to better understand what is driving uncertainty. SDA results (blue dots) are for the MITRE run machine learning (ML)-based model. HRRR model results shown as orange dots. MITRE/Conor Lewellyn



Next Steps: 1yr, 5 yr, 10 yr
• Top priorities  

• assess mixing height for smoke 
dispersion forecasting for prescribed 
fire planning 

• producing real-time plots as seen in 
previous slides can address this

• This work and recent studies indicate  
boundary layer above 2250m AGL

• suggesting UAS profiling needs to be 
above that, with 3000m optimal target 

• Or, is there “acceptable” altitude that 
meets user’s needs?

• Further investigation of microclimate 
effects and rapid atmospheric changes as 
seen in difference between the balloon 
and UAS data

• Increase the deployment from a point 
source to a grid or other technology

• Model evaluation 
NASA ARC/Milan Loiacono
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It seems we can capture more than 90% of mixing heights at 7000 feet AGL. And perhaps there is a minimum mixing height threshold that can be established so that you don't have to fly the drone past a certain altitude for your user's "sufficient" mixing cases (i.e., anything above 3500 feet AGL may be regarded as acceptable)?
�
https://preview.weather.gov/media/rah/science/NWA_20111012_mixing_height_verification_blaes_badgett.pdf - 





Questions?

For further information, please contact:
 Michael Falkowski, FireSense Program Manager
 michael.falkowski@nasa.gov

 Jacquelyn Shuman, FireSense Project Scientist
 jacquelyn.k.shuman@nasa.gov       

 Jennifer Fowler, FireSense Project Manager
 jennifer.w.fowler@nasa.gov              

https://cce.nasa.gov/firesense/index.html

Thank you!!!
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