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Fire Weather 



 Larger scale than combustion 

 1 m2 – 10 km2 

 Longer time scales 

 Minutes to days, even weeks 

 How fire spreads through a grassland or stand 
of forest, to landscape scale 

 The three legs of the fire behavior triangle: 

 FUELS 

 WEATHER 

 TOPOGRAPHY 
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The second “fire triangle”: the Fire 

Behavior Triangle 

• Wind, Atmospheric Stability, Temperature, Humidity 

• Fuel Moisture 

• Fuel Temperature 

• Fuel Characteristics 

• Terrain 

• Aspect 

• Elevation 



 
 

Q: What Is Weather? 
A: Short-term variations of the atmosphere. 

• Air pressure 

• Air temperature 

• Humidity 

• Wind 

• Clouds 

• Precipitation 
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A: Weather conditions conducive to the initiation and 

spread of wildfire. 



1. “Climate is what you expect; weather is what 
you get.” 

 

2. “Weather is how you decide what clothes to 
wear today. Climate tells you what to have in 
your closet.” 
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 Encircling the earth is 
a blanket of gases 
bound to it by gravity. 

 Similar to the oceans, 
the atmosphere is in 
constant motion. 

 Atmospheric 
circulation is driven 
by energy 
differentials 



Seasonal  

Change  

In  

Solar  
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At 40ºN 

Latitude 



 50% of Total Weight 

 90% of Total Weight 

 99% of Total Weight 

 99.9% of Total Weight 
Atmospheric pressure 

always decreases with 

increasing altitude. 

In this figure, note that 

50 percent of all gases are 

concentrated within the 

lowest 18,000 feet (5 km) of 

the atmosphere.  

The “millibar” is the 

most common 

pressure unit used. 



The Tropopause 

• Separates the 
troposphere from the 
stratosphere, and marks 
the upper limit of nearly 
all weather in our 
atmosphere.  

• Where air ceases to cool 
with height, and becomes 
almost completely dry. 

• The region of the 
atmosphere where the 
environmental lapse rate 
changes from positive to 
negative. 

Stratosphere 

Tropopause 

Troposphere 
(weathersphere) 



Near the Earth’s surface, 
temperature decreases 
with increasing altitude in 
the troposphere, which is 
the layer where the 
majority of “weather” 
takes place. 
 
The rate at which air cools 
with elevation is the lapse 
rate. 



 Because air pressure decreases with elevation, for a 
given volume of air, temperate decreases 
(according to the fundamental gas law). 

 Dry adiabatic lapse rate is ~ one degree Celsius of 
cooling for every 100 meters (~1°C/100m). This 
applies to unsaturated air. 

 Saturated air adiabatic lapse rate (also known as 
wet adiabatic lapse rate) is ~0.5°C/100 m 

 Lapse rates play a huge role in fire weather (Santa 
Ana winds, cooling effects at higher elevations, 
etc.). 
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Heat Loss At Night 

Cloudy nights tend to be 
warmer and damper than 
clear nights because of the 
insulating effect of cloud 
cover. 

Clear nights tend to be cooler 
and dryer than cloudy nights 
because terrestrial heat is 
allowed to escape freely to 
space.  



Evaporation 

The process where liquid 
changes to vapor  
or gaseous state.  
 
During this process, heat 
energy is removed from 
the environment. 
 
Thus, evaporation is a 
cooling and moistening 
process for the 
atmosphere. 
 

Heat is removed from the  
environment 

vapor 



A combination of 

stability and dryness 

Indicates potential for large 
plume-dominated fire growth. 

Haines Index 



 A measure of vertical atmospheric (in)stability 

 Low index (1) means the atmosphere is stable, 
so little vertical air movement – leads to 
moderate fire behavior 

 A high index (6) means the atmosphere is 
unstable, so very rapid vertical air movement – 
leads to extreme fire behavior 
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Stable Atmosphere  

 
Light winds and poor 

smoke dispersal from 

poor vertical mixing  

trapped smoke  

and haze 



A stable  
atmosphere 
will tend to  

suppress or reduce  
wildland fire  

behavior. 

 



Rising 

Air 

Unstable Atmosphere  

 
Promotes the formation 

and growth of  
vertically developed 

clouds, thunderstorms 
and tall smoke columns    

 



An unstable 

atmosphere (high 

Haines Index) 

is often associated 

with  critical or 

extreme wildland 

fire behavior. 
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1. Strong wind, sudden changes in wind direction and 
velocity 

2. High fast moving clouds (may indicate unusual 
general winds) 

3. Unexpected calm may indicate wind shift 

4. Thunderstorms above or close to the fire 

5. Unusually high temperature and low relative 
humidity 

6. Evidence of unstable atmosphere 

7. Bent smoke column 



1. A Red Flag Warning is a forecast issued by the 
National Weather Service conditions are ideal for 
wildland fire ignition and rapid spread. 

2. Red Flags are most common during drought 
conditions, when humidity is very low, and especially 
when high or erratic winds which may include 
lightning are a factor. 

3. Firefighting agencies alter their resources and 
strategies to accommodate the elevated risk. 

4.  To the public, a Red Flag Warning means high fire 
danger with increased probability of a quickly 
spreading fire. 
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1. Temperature (degrees) 

2. Relative humidity (percent) 

3. Windspeed and direction (km/hr) 

4. Precipitation (mm) 

5. Atmospheric stability (Haines Index) 
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http://droughtmonitor.unl.edu/  

http://droughtmonitor.unl.edu/
http://droughtmonitor.unl.edu/
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http://gacc.nifc.gov/swcc/index.htm 


