
Weather 101
Fire Weather

Caleb Cravens - Incident Meteorologist (IMET)- NWS Nashville



Poll Question
Have you ever seen a wildfire? yes/no



Fire Triangle 

● Oxygen
● Heat
● Fuel

● Weather
● Topography
● Fuel

Fire Behavior 



Fuels - Vegetation 
● Live fuel moisture
● Dead fuel moisture

○ 1 hr, 10 hr, 100 hr, 1000 hr, 10000 hr fuels

● ERC - Energy Release Component 
○ The computed total heat release per unit area 

(British thermal units per square foot) within the 
flaming front at the head of a moving fire. 

● BI - Burning Index
○ A relative number related to the contribution that 

fire behavior makes to the amount or effort needed 
to contain a fire in a specified fuel type. 



Role of Topography - Mountain and valley wind system
● Upslope after sunrise
● Upslope and up-valley 

around midday

● Downslope after sunset
● Downslope and down-

valley later in the night



Poll Question
What is a thermal belt?



Role of Topography - Thermal Belts
● Layer of warmer air

○ Drier air and lower RH

● Cooler air near the surface
● Cooler air above the belt
● Acts as a lid on the fire
● Can trap smoke leading to smoke 

impacts and health concerns
● Can cause fires to flare up or 

continue to burn well into the night



Elements of Fire Weather
Temperature/Moisture
● Humidity
● Precipitation

○ Location
○ Type
○ Duration and Amount

Atmospheric Stability
● Thunderstorms
● Atmospheric Ventilation

Wind
● Speed/Direction Hugely Influence ROS
● Extremely Variable
● Hard to Forecast In Detail



Elements of Fire Weather
Weather Factors Affect the Ignition, Fire Intensity, and Rate of Spread in the Wildland Fire 
Environment.

● Ignition - Fuel temperature and moisture content
● Fireline Intensity - Fuel moisture content
● Rate of Spread - Wind speed (slope/topography)



Temperature 
● Definition: The degree of hotness or coldness of a substance.

○ In weather we refer to this as air temperatures or dry-bulb temperature.
● Measured with a thermometer 

RAWS



Moisture

● Wet-bulb Temperature: Lowest temperature at which air can be cooled by evaporation.
○ Dewpoint and relative humidity can be determined using the difference between dry and wet bulb.

● Dewpoint Temperature: The temperature to which air must be cooled to reach saturation.
○ When air temperature and dewpoint are the same, the air is saturated.

● Relative Humidity: Ratio of the amount of moisture in the air (water vapor) to the amount the 
air could hold when saturated at the same air temperature.
○ Relative to temperature 3 grams

3 grams
3 grams

50ºF 70ºF 90ºFRH 100%
(saturated) RH 50%

(unsaturated) RH 25%
(unsaturated)





Precipitation 
● Liquid or solid water particles that originate in clouds and become large enough to fall to the 

surface. 
● Fire Influence 

○ Fire starts
■ Lack of precip over and extended period leads to drier fuels and an increased chance of ignition, while 

moderate to heavy precip and extended precip will limit the chance of ignition.
○ Fire behavior

■ An Extended period of no precip will lead to active fire behavior. Moderate to heavy precip and extended 
precipitation will decrease fire behavior.

○ Firefighter safety
■ Moderate to heavy precipitation and extended periods of precipitation will lead to lower temps and an 

increased chance of hypothermia. It will also lead to poor footing. 



Precipitation and Fire Fuels
● Duration vs Amount

○ Duration > Amount impacts on fuel 
moisture

● Fine Fuels 
○ Gain and lose moisture quickly 
○ React quickly to precipitation

● Heavy Fuels
○ Gain and lose moisture slowly
○ React slowly to precipitation 



Atmospheric Stability and Instability 
● Refers to the tendency of a parcel of air when it is lifted to either continue to rise 

or sink back down. 

Stable Atmosphere

•Vertical motion is suppressed, so air 
displaced up or down will return to its 
original level

Unstable Atmosphere

•Vertical motion is enhanced, so air 
displaced up or down will continue 
moving upward. 



Stable Atmosphere



Unstable Atmosphere



Stability and Atmospheric Inversions 
● Layer of very stable air in which temperatures 

increase with height. 
● Acts as a cap or a lid to limit rising motion of air.
● Limits fire behavior.
● Inversion break can lead to rapid changes in the 

air mass below the inversion line. 



Stability Throughout the Day

Day: often unstable
due to strong surface 
heating

Night: often more 
stable due to night 
time inversions



Wind
● Movement of air, the direction and speed 

of which is determined by: 
○ Distribution of pressure centers
○ Local topography
○ Geography 

● Wind is the most difficult weather 
variable to forecast

● Once a fire is ignited, wind is the most 
important weather variable governing fire 
behavior.

● Wind gusts and/or sudden changes in 
direction are responsible for most 
prescribed fire escapes.



Scale of Winds

● General Winds: higher in the atmosphere, not influenced by 
friction 
○ Jet stream / low level jet
○ Free Winds / Ridgetop Winds / 10,000 ft Winds (Found in Forecasts)

● Local Winds: close to the surface and thermally driven 
○ Diurnal / Slope - Valley 
○ Land - Sea Breeze 

● Critical Winds: dominate the fire environment 
○ Mountain Waves 
○ Frontal Passages 
○ Thunderstorms and Convective Smoke Columns 



Fire Weather Patterns Across America 



Common Fire Weather Patterns



Breakdown of 4-Corners High Pressure
Breakdown of Upper Ridge and Cold Frontal Passage

● Stage 1 - warm,dry, breezy and unstable conditions.  
● Stage 2 - wind speeds will increase while conditions 

remain warm-dry and unstable.
● Stage 3 - defined by a cold frontal passage.

○ Sometimes results in dry thunderstorms across the Great 
Basin. Can lead to widespread fire outbreaks. Strong winds 
behind the front worsens the situation.



Early Monsoon Moisture Surges - Southwest Fire Weather
Early season surges of moisture in June when fuels are still dry. Can lead to new 
fire starts in the Southwest.



Cold Frontal Passages and Fire Danger



Cold Frontal Passages and Fire Danger



Downslope Winds  

Types

● Santa Ana and Diablo Winds
● Mountain Wave Winds

○ Occur over mountainous terrain. 
Ex: Sierra Nevadas and 
throughout Montana and 
Colorado



Diablo and Santa Ana Winds 



Sierra Nevada (Mountain Wave Winds)
● Different mechanism compared to 

Santa Ana.
● Wind forced downslope with a cap 

around the mountain peak.
● Wave breaking, jumps, rotor winds. 
● Winds in excess of 100 mph at 

times, even in the valleys. 
● Also common in the western high 

plains like Colorado and Montana. 



Sierra Nevada Downslope Windstorm 
● Occurred in November in a 

downslope windstorm. 
● Numerous wind gusts over 60 

mph in the Reno area.
● Higher gusts 80+mph higher 

elevations. 
● Fires spread rapidly in the wind.



Thunderstorms
● Gust fronts and microbursts - strong, 

gusty, and erratic winds
● Lightning which can lead to new fire 

starts
● Heavy rain and debris flows
● Complicate firefighting efforts



PyroCB - Column collapse - Lightning 



Drought
● Can kill trees.
● Worsen beetle/disease kill.
● Stress vegetation.
● Can set the stage for other 

regions of the US to see 
wildfires, like the 2016 southern 
Appalachian Wildfires.  



Drought - 2016 Southern Appalachian Wildfires 



Fire Weather Season Where You Live



Fire Weather Forecast Products



Fire Weather Products and Services
● National Weather Service

○ Local NWS Offices
○ Storm Prediction Center

● Predictive Services 
○ Geographical Coordination 

Centers
○ Government/State Partners

■ USFS
■ BLM
■ BIA
■ Many more



Storm Prediction Center
● Fire Weather Outlook

○ Near-term (Days 1-3) situational 
awareness



Fire Weather Watch and Red Flag Warning



NWS Spot Weather 
● Specialized for each office and 

region, but same look/feel.
● Detailed weather forecast for fire 

personnel.
● Can be used for many disaster 

types or for events.



Fire Weather Forecast
● Issued 1-2 times daily.
● Intendent for fire partners.
● Vary from office to office. Based on needs 

of fire partners in the region.
● A more generalized forecast based on a 

zone. 
● A discussion is included, which is read 

over the radio to fire crews during fire 
season.



Tornado Warning - Fire Tornado 



Fire Warning
● Rarely issued. 
● In coordination with local 

emergency managers. 
● Issued when a rapidly developing 

and moving wildfire is threatening 
a town.

● Activates the warning tone alarms, 
similar to tornado or severe 
thunderstorm warnings.



IMET Program 
● Deployed to wildfires for two weeks, sometimes longer.
● Provides all weather forecast and support for the incident management team.
● Specialized training to be ready on a moments notice to deploy anywhere in the 

US. Even Australia when they have a busy season.



IMET Products 



Satellites and Fire Weather Monitoring



Satellite Data
● GOES satellite can show images 

every 30-60 seconds. 
● Can detect fires as small as 15 

acres
● VIIRS satellite offers high 

resolution images 
● GOES Fire Channels 

○ Fire Temperature
○ Fire/Hot Spot Characterization
○ Day Land Cloud Fire
○ Shortwave Infrared



Poll Question 
On average, how big does a fire have to be before GOES-16 or GOES 17 can detect?



Fire Temperature RGB



Fire/Hot Spot Characterization



Day Land Cloud Fire RBG



Shortwave Infrared 



Next classes:
The Radar, May 7 at 7 PM 

Upper Air Soundings, May 12 at 7 PM 
Quasi-Linear Convective Systems, May 13 at 10 AM 



Questions

Caleb Cravens
Incident Meteorologist

National Weather Service
Nashville, TN
(615) 754-8500

nws.nashville@noaa.gov
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