


A basic knowledge

and awareness of

weather is essential

for making critical
fire management

decisions.




Fire Weather Outline

*|Intensity and
Behavior.

*Fire Weather
Forecast and Smoke
Management.

*Critical Fire Weather "ﬁ b
Patterns and
Weather Resources.




Risk, Threat, and Vulnerability

*Risk: The probability of the fire getting
away and the landowner, burn boss, or
crew member being sued.

*Threat: Refers to the source and means by
which we could be sued.

*Vulnerability: Issues in our plan or
unexpected issues that caused the plan to
g0 awry.

*Having failed, what decisions did we make
that would allow the suit to be successful.




Weather

*Affects
-Fire Intensity.
-Fire Behavior.

- Effectiveness of controlling the
target plans.

- Personnel comfort and safety.

- Keeping the fire in the planned area.

Weather combined with fuel attributes affects the intensity and behavior of the fire
and how well the fire will achieve the goals and objectives of the landowner. The
intensity and behavior can vary widely and provide different results on the landscape.
Understanding fire weather can also assist in making sure that the fire crew is
functioning as well as possible and also help you determine where the problem areas
and times might be during the burn.



Weather Factors Affecting Fire Intensity

These factors are intergraded by the Burn Boss to determine the outcome of a fire

Front/Dry Line

Temperature Dead Fuel Moisture
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This model represents the factors that either directly or indirectly affect fire behavior
and fire intensity. Note that Dead Fuel moisture, wind, and temperature are the main
factors. Fronts or dry lines are important as they affect the amount of moisture in the
air.



Factors Affecting Fire
Behavior and Fire Intensity

*Weather Factor

*Extremely important for planning and
conducting a prescribed burn

*Fire Bosses need to be amateur weather
geeks.

*Fuel Factors

*Fire Behavior Factors

Weather factors combined with fuel (dried grass, litter, or slash) affect all aspects of
the prescribed burn. The Burn Boss on a prescribed burn should be up to date on the
weather forecast and certainly understand the weather conditions as they interact with
the prescribed burn plan.



Using Weather Forecasts

*Understand weather vocabulary.
*Interpret weather maps.

*Understand fire weather forecasts.

A prescribed burn manager must be able to get all the weather forecasts that are
available as well as be able to interpret weather maps so that they can actually begin
to understand how to improve the forecast that they receive. Understanding and

keeping the weather forecasts may be the most important data to have in case there is
a problem with the burn.



Atmospheric Pressure

Low Pressure (L) High Pressure (H)

- Low pressure - High pressure
areas have less areas have more
atmospheric mass atmospheric mass
above their above their
location location.

Weather maps use the reporting stations to plot the
pressure values much like a topography map to find
areas of low and high pressure.

The basic understanding of fire weather begins with the all important atmospheric
pressure. Most all of our weather is actually created by the locations of the Low and
High pressures across the globe. As the pressure gradients move, so does the moisture
in the air, the temperatures, and winds. A burn manager must understand how these

affect their burn.



Atmospheric Pressure - continued

Low Pressure High Pressure

- Associated with more - Associated with
violent weather fronts, more stable air
troughs, and cyclones. masses.

- Fall, Winter, and Spring - Summer Highs can
have lower pressures last some time
and thus more weather creating less
variation. weather variation.

Basic weather patterns are associated with the pressure gradients and can greatly
affect the conditions of the burn. Low pressures are associated with more instability
in the air and often exhibit violent and extreme weather events. Fronts are more
active in the fall, winter and spring periods. High pressures periods are associated
with more stable air mass, but can hang around longer reducing the risk of a frontal
caused burn escape.
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Weather Fronts
Cold Fronts
Warm Front
Stationary Front
Occluded Front
Surface Trough
Squall Line
Dry Line
Tropical Wave

123456 738

1.
2.
3.
4,
5.
6.
7.
8.

The designations for the frontal activities on a weather map are indicated by the above
symbols. Knowing these symbols are necessary to interpret the weather map.
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Cold Fronts

*The leading edge of a mass of air which is usually colder and
drier than the air mass in front of it, outside of terrain effects.

*The colder air, being denser, wedges under the less dense
warmer air, lifting it, causing the formation of mostly
cumuliform (puffy, cotton-ball-like) clouds.

*The passage of a cold front usually results in velocity changes in
winds and creates
vertical movement of air 28 .
(turbulence) and can set Coldec »
off atmospheric disturbances 3
such as rain showers, \ 62
thunderstorms , squall lines, \’
tornadoes, and snowstorms

ahead of and immediately Cold Front
behind the moving cold front.

Temperatures Warmer

Temperatures

A cold front can be a highly unstable atmosphere and can cause high winds, low
relativehumidities and violent disturbances.
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Warm Fronts

Transition zone from cold air to warm air

*A warm front is defined as the transition zone where a warm air
mass is replacing a cold air mass.

*Warm fronts generally move from southwest to northeast and

the air behind a warm front is warmer and more moist than the
air ahead of it. 28

Warm Front
*When a warm front passes

through, the air becomes 55
noticeably warmer and Warmer

more humid than it was ‘T‘-"“P(‘mt“rc-‘i 62
before. / 4
/
// /

Colder
Temperatures

31

A warm front can move more humidity into the area. Strong winds can also be

associated with a warm front.
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Stationary Fronts

A front that is not moving

*When a warm or cold front stops moving, it becomes a stationary
front. Once this boundary resumes its forward motion, it once again
becomes a warm front or cold front.

*Astationary frontis Stationary Front
represented by alternating ,

blue and red lines with
blue triangles pointing
towards the warmer air
and red semicircles
pointing towards the
colder air.
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Occluded Fronts

When a cold front overtakes a warm front

*A developing cyclone typically has a preceding warm
front (the leading edge of a warm moist air mass) and
a faster moving cold front (the leading edge of a colder
drier air mass wrapping around the storm).

*North of the warm front is a

Cool Airin P ll ce
mass of cooler air that was /'_/.—A\
in place before the storm L Warm Front
even entered the region. \’ Warm Moist

Air Mass
Colder Drier

Alr Mass j j

Cold Front
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Surface Trough

*A trough of low pressure that contains significant weather
phenomena (such as precipitation and distinct wind shifts) may
be identified on the map by a thick brown dashed line running
along the axis of the trough.

*On some maps this trough line may have the abbreviation,
"TROF".

Surface Troughs are also associated with weather events that may cause problems to a

prescribed burn manager due to shifting winds and precipitation.
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Squall Line

|(l1:44 04-APR-1999 GHT ©@Copyright MSI Corporation ht

|

*A squall line is a line of
thunderstorms will develop out
ahead of and parallel to a cold
front or dry line boundary.

*The storms first develop where
there is the best combination of
moisture, instability and lift.

*The storms will continue to
evolve and new cells will develop
(commonly toward the south and
east).

If you see this on youw it is not a good time to be planning on lighting a match and
start a burn.
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Dry Line

A moisture boundary

*A dry line is a boundary that separates a moist air mass from a dry air
mass. Also called a "Dew Point Front", sharp changes in dew point
temperature can be observed across a dry line.

*Dry lines are most commonly found just east of the Rocky Mountains,
separating a warm moist air mass to the east from a hot dry air mass
to the west. Gusty Southwest Winds

*Drier air behind dry lines lifts the moist /\ e
air ahead of it, triggering the /\

development of thunderstorms along

and ahead of the dry line (similar to cold /\ Hot Dry Air | Warm Moist Air

fronts). It is not uncommon for tornadic /\ —
supercells to develop along a dry line. /\

Southeast Winds

Rocky Mountains .
’ Dry Line

Dry lines, especially in the western part of the state, occur occasionally and can cause
erratic weather patterns including thunderstorms, dry lightening, and extremely dry air
masses on the west side of the line.
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Typical Surface Wind Direction with Cold and Warm Fronts

This graphic depicts the typical winds associated with a warm and cold front as a low
pressure descends on the area. Winds will typically be from the SE as the warm front
makes its way North. As the cold front approaches, the winds will gradually change
from SE to SW, and then the West as the front nears. The winds will then be from the
NW turning to N as the front blows through. After a period of North winds, the winds
will usually move to the NE and then E until the warm front again moves through.
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This graphical hourly weather daily from the NOAA point forecast shows an
approaching cold front. Note the middle graph showing the wind direction

from the SW, changing to West and finally to the North as the front passes

through the area. This situation is very typical of most of Texas

20



*Do not plan a burn if a frontal boundary is
expected to cross within a bare minimum
of 48 hours prior to the burn.

*Problems
»Shifting winds
» Strong winds
» DewPoint shifts

Dry lines, especially in the western part of the state, occur occasionally and can cause
erratic weather patterns including thunderstorms, dry lightening, and extremely dry air
masses on the west side of the line.
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Why do we need to know this?

Predict Fire Behavior and Fire Intensity
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Weather Factors Affecting Fire Intensity

These factors are intergraded by the Burn Boss to determine the outcome of a fire

Front/Dry Line

Temperature Relative Humidity Dead Fuel Moisture

|7

A model of the weather factors that affect fire intensity.
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Dew Point Facts

* The dew points is
one of the most
reliable measures of
atmospheric
moisture
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Dew Point

 The temperature to which air must be
cooled to reach saturation.

* An indicator of the moisture content on
the air. The higher the dew point
temperature, the higher the moisture
content of the air.
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Dew Point and Moisture

Rising Increasing
Dew Moisture
Point

Lowering Decreasing
B ————————————————————

Dew Moisture
Point

As the dew point rises, there is an increase in atmospheric moisture.
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Solar Radiation
Cloud Cover

* Cloud cover can lower the temperature.

* Lower temperature raises humidity.
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Temperature

 Temperature is a measure of the average
energy of the particles (atoms or
molecules) of a substance, or a measure
of how hot or cold something is.

* The warmer the temperature, the
quicker the fuel will ignite.
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Relative Humidity

* Relative humidity is defined as the ratio
of the partial pressure of water vapor in
a gaseous mixture of air and water to the
saturated vapor pressure of water at a
given temperature.
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Relative Humidity - continued

* What does it mean for prescribed
burning?

The amount of water in the dead fuel.

More water in the dead fuel, the less it will
burn.

Dead fuel responds over time to relative
humidity.

* Some fuel responds quickly (grass).

* Other fuel may take a long time to respond (logs
or slash).

* Relative humidity and temperature have
an inverse relationship.
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Wind
* Wind combined with higher

temperatures can increase drying of
vegetation.

* Wind speed and direction has a direct

influence on Fire Intensity.
» Adds oxygen to increase fire temperature.
* Dries vegetation ahead of the fire front,
« Adds oxygen to increase fire temperature.
* Dries vegetation ahead of the fire front.

* Learn your prevailing wind direction.
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Wind - continued

Velocities of wind are usually different
depending on the altitude of
measurement.

Surface wind: Usually measured at 30 m.

Winds are also measured at 20’ which is
a favorite of wildland fire fighters.

Transport wind speed is the average
wind speed from ground level to the
bottom of the inversion layer.
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Wind-driven Fire

aab e

s ~ Power of wind = power of fire

The higher the wind speed, the more difficult it becomes to stop a wildfire.
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Wind-Driven Fires

Often those that escape initial attack and
become the largest.

Easier to predict direction of spread.
Wind shift poses a problem.

Smoke column bend over by wind.
Spotting downwind.

Flanks and heel generally safe.
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Critical Winds

Thunderstorm Winds

* Thunderstorm Winds

— Indrafts and downdrafts can
change both direction and
speed suddenly.

Vertical Cross Section of a Thunderstorm

Result in sudden changes in
rate and direction of fire as well
as intensity.

Indraft speeds range from 10 to
20 mph and gusty.

Downdrafts speeds range from
25 to 35 mph with gusts over
60 mph
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Critical Winds - continued
Thunderstorm Winds

* Gust Front

— Leading edge of the
downdraft.

— Boundary between two L
dissimilar air masses,
similar to a cold front.

1 minute

— Most of the time, marked
by a wind shift, decrease in (
temperature and increase 2™
in RH
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Critical Winds - continued

Low-Level Jets
* Spotting downwind

— A jet stream 100 feet to
several thousand feet
above ground.

—Develop ahead of cold  RTEERE T
fronts or troughs. =S —————

— Wind speeds of 25 to 35
mph.

— Can significantly increase
rates of spread
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Unstable
atmosphere

' *Promotes the
formation and
growth of
vertically
developed clouds,
thunderstorms and

tall smoke columns.

38



An

is most often
associated

with a critical
or extreme
wildland fire
behavior

39



Atmosphere Stability

* Very unstable air can cause extreme fire
behavior and can be a very dangerous
time to implement a prescribed burn.

» A prescribed burn NEEDS some
instability. The prescription should be
designed to account for any problems
caused by the instability.
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Prediction 1 Weather and Fire
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* Overcast

* 45F

* RH =45%

* 5 mph wind

Prediction 1

42



Prediction 2 Weather and Fire

43



Prediction 2

Clear sky
101 F

RH = 20%

15 mph wind
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Weather can be Friend or Foe

The more you understand, the better your
success with prescribed burning
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Fire Weather Forecast
is Critical for Prescribed Burning
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Purpose of Fire Weather Forecast

* Predicts fire behavior for the safety of
firefighter/prescribed burn managers and
other people that may be threatened by
wildfires.

» Allows a burn manager to predict the
success of the burn to meet their
objectives.
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Fire Weather Forecast

* Need an understanding of the important
weather elements that are available.

 Know where to find a forecast.

* Long-term general forecast prior to burn
date.

» Fire weather and point forecast one to
two days prior to burn date.

* Fire weather forecast on burn date.
* Spot forecast for the burn location.
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Types of Fire Weather Forecasts

General Forecast
» Temperature, rainfall, weather map.

Point forecast — general forecast for a
smaller area (within 3 miles of a selected
point.

Fire Weather Forecast — Watches/Red Flag
warnings.

Spot Forecasts — Telephone call to National
Weather Service or web submitted for your
exact location.

49



General Forecast

Daily and weekly forecast
www.weather.com

Local TV news/weather
Local radio weather

Many different web based weather sites.
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A national weather map is very useful to watch how fast fronts are approaching to
assist in planning a prescribed burn.
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