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Context: controls & uncertainty



Combustion and Consumption 
is Affected by Fuel

Loading

Size

Arrangement

Continuity

Fuel Moisture

From NWCG Rx410, Smoke 
Management Techniques

Context: controls & uncertainty



Selected modeling systems that describe fire & smoke

Context: models



BlueSky Pipeline: Smoke Modeling Components
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Focus: key modeling system



-Efforts like the Smoke & Emissions Model 
Intercomparison Project (Larkin et al 2012) highlighted 
needs for improvements

-Data sets are needed for development, evaluation, 
and improvement

-Attempts occurred to collect data sets at common-
fire events (e.g., RxCADRE)

Improvements are needed to fire & smoke models

History: prelude to FASMEE



-Integrated, large research campaigns are critical for 
making advances in wildland fire behavior, fire effects, 
and smoke science. 

-An investment in coordinated sampling of fire–
atmosphere interactions will benefit the science 
community and fire and fuels managers, who rely on 
operational fire and smoke models to guide wildland 
fire management (including prescribed burning). 

-Measurements should be driven by model/tool 
needs, but also governed by oversight from a start-to-
finish perspective

Consensus findings from post-RxCADRE workshops (2012-13)

History: prelude to FASMEE



Fire And Smoke Model Evaluation Experiment

-FASMEE is an observational campaign to support: 

 -evaluation of current operational fire and smoke modeling systems, 

 -and advancement of new models and tools into operational use. 

-FASMEE’s uniqueness lies in its design to collect a coordinated library of fire 
and smoke data for use as training and evaluation inputs.

FASMEE objectives

Science

Models

Data Needs

Data

PHASE 1: 
ANALYSIS &
PLANNING 

(Science Leads)

PHASE 2: FIELD CAMPAIGN

PHASE 3: 
IMPROVEMENTS



Interviews with modelers and scientists re: data inputs 
needed for model development: 

 “What data sets would help to evaluate [model] 
and advance beyond the current generation?”

 “What would be needed to collect and create a 
coordinated set of model-input data sets for fire 
and smoke model evaluation and evolution?”

Detailed Study Plan resulted:

 -measurement specifications, 

 -estimated budget, 

 -individual Discipline teams for measurement, and 

 -liaison/logistics group to facilitate access to burns

FASMEE Planning: Phase I (2014-2017) 

FASMEE Phase I



Models served by 
FASMEE datasets 

(partial list) – Output 
from Phase I Study Plan

Next Slide: 
Measurement 
Specifications 
(Also Phase I)



Smoke Emissions, Chemistry, & Transport
-Emissions factors (flaming, smoldering, biological)
-Smoke evolution & aging
Airborne, tower, & surface measurements

Fire Effects
-Mortality mechanisms
-Rich datasets will reveal new processes
Airborne & surface measurements

Fuels and Consumption
-Multi-scale characterization
-Links to moisture dynamics
Airborne & surface LiDAR; 
ground sampling

Plume and Meteorology
-Mixing and entrainment
-Interactions of multiple cores & 
ignitions
Airborne, & tower measurements; LiDAR

Fire Dynamics
-Spatial/temporal heat flux
-Relationship to fire effects
Airborne, ground, & satellite

Disciplinary Measurement Teams

Modeling
-Physics-based (2-D & 3-D)
-AI-ML (new addition)
-integration of observations across multiple 
disciplines and platforms serve as inputs

Discipline organization



Historic focus on high-severity fire…
 …but, some modeling requires simpler terrain;
 …renewed emphasis on “typical” prescribed fire;
 …need for reduced uncertainty related to smoldering in 
 organic soils (duff, peat, muck) and PM2.5 production

Fishlake NF



High-intensity “wildfire-surrogate” 
burns sought; found at Fishlake NF

Initial focus: high intensity



Fire Behavior Packages in Fishlake Rx unit, 2019 (B. Butler, RMRS)

2016-2020 achievements



2016-2020: “bridge-funding” by PNWRS

• Campaigns Supported

• WE-CAN & BBFLUX NSF: summer 2018

• FIREX-AQ NOAA/NASA: summer 2019

• Assisted in selecting wildfires for airborne 
measurements

• 30+ publications (and continuing)

• 11 archived datasets (with more coming soon)

Coordination with WE-CAN/BB-Flux and FIREX-AQ--
smoke and chemistry measurements 

2016-2020 achievements



Atmospheric sensing and sampling:
-Air quality (PM, CO, CO2, O3…)
-Air sampling (VOCs, trace gases)

-Meteorology (soundings, modeling)

-IR: Combustion efficiency and MCE

-Imagery: Plume development & movement
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Proof-of-concept: UAS smoke measurements 

based on Phase I specifications

Boehmler et al. (2019);

Watts et al. (2019); 
Nelson et al. (2019)



Proof of concept

 Firefighter smoke exposure-

avoidance by directing holding 

& mop-up by air

UAS supported fire crews 
locating spots following 
prescribed burns

2016-2020 achievements



-Re-organization of disciplines; recruitment of new partners

-Resumption of field campaigns post-pandemic

-New emphasis areas: 

 -Data Integration/Management

 -Partnerships and outreach to under-represented/DEI

 -Carbon & Climate

-Current status: over 100 participants among 6+ agencies & 12+ 

university/NGO cooperators in at least 20 States 

FY22: Priority R&D Project Designation

2022-2024 achievements



Operational Development:
FASMEE Integrated Research Management Team (IRMT)

Smoke-Ground 
Group Lead

O’Neill

Plume Dyn.-Met 
Group lead
Clements

Modelling Group 
Lead

Kochanski

Fire Effects Group 
Lead

Varner

Fuels Group Lead
Hudak

Liaison 
Ottmar

FASMEE PI
Watts

Operations
Washa

Lead Facilitator 
TBD

Safety
Hawkins

Logistics
 Floyd

Planning
Chappell

GIS/RESL
Wilder

Outreach
Montblanc

Observers/VIP
Watts

Deputy-Liaison 
Anderson

Aviation/fixed/UAS
Scott

Crewed
NASA/Martin

UAS Group
Wallace

Data Mgmt. Group
Lead
Calle

Facilitator required

No Facilitator required

Energy  Group Lead
French

Burn Boss
Cornwall

Guse
Deputy-Logistics

2016-2020 achievements



-Over 50 research participants

-Simultaneous flight: 3 UAS, two crewed 
aircraft (USFS, UI, Trident, NASA)

-Data site established (NASA LaRC)

-USFS/NASA Field Day: informed host 
community of research activities; broad 
agency outreach goals

 

October 2023 campaign

2016-2020 achievements



Fishlake NFUSFS Priority 
Landscape(s)

Southeast US 

Possible additional field sites 

Alaska;
International 

Locations?

Rx and 
Wildfires
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Replicated 
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-Workshops in 2024 for identifying “hard” gaps and updating study plan

 -NSF co-sponsored

 -May 2024: Study Plan & work plans update (new science & needs)

  -Planning for Fall ‘24 field campaign included

 -Jan 2025: Data & modeling workshop

  -Applying the “data library” to model evaluation & improvement

  -A chance to continue for another cycle

Addressing Gaps & Next-Steps Planning



Video: UAS over small-unit burns, Fishlake NF (Utah)

Further reading:  www.fs.usda.gov/research/pnw/centers/fasmee
    www.fasmee.net

http://www.fs.usda.gov/research/pnw/centers/fasmee
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