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. INTERMEDIATE FIRE BEHAVIOR > .

PROBLEM I

March 18, 1971 1330-1415

Fort Collins, Colorado Quinn, Tice and Todd

Synopsis:
At 1205 on August 4th, Cicero Peak Lookout reports a fire

on the west slope of Bowman Ridge. The fire is small and
putting up white smoke.

Your six man crew is dispatched from Custer at 1210 and
arrive on the fire at 1250 (show slides).

Weather:
Readings at District's Fire Weather Station, 1400, August 3;
Temperature 90o, RH 12%, Wind SW 15, SI 68, B.I. 171.

Forecast received 1600 August 3: For tomorrow, (August k),
Mostly clear and slightly cooler with chance of a few isolated
thunderstorms. Maximum temperature 80° - 85°, Minimum R.H.

15 - 20%, Wind west 6 - 12 MPH with gusts to 30 in the afternoon.

Probability for precipitation 20%, lightning 40%.

PROBLEM I, EXERCISE #1

Fire is burning upslope in grass, litter and scattered
brush and is approximately three acres in size.
Describe the behavior you would expect on this fire.

What safety precautions should be taken?




PROBLEM I, EXERCISE #2

1310 August 4 Spot Weather Forecast - Bowman Ridge Fire.

Temperature 95 degrees, RH 15%, Wind East 2-4. Thunderhead
buildup passing your fire 1500-1700. Wind shifting west

20-30 with thunderhead passage.

2. What is the anticipated Fire Behavior under predicted

conditions? What safety precautions should be taken?




PROBLEM I, EXERCISE #3

The thunderhead will pass slightly north of your fire at 1500.
3. What is the anticipated fire behavior? What precautions

should be taken?




PROBLEM I

School Solution

Initial Attack Crew take a belt weather kit with them.
Exercise #1.

Slow upslope spread because of east wind. Very little lateral
spread. Watch for spots below you, if you get any torching.
Request spot weather forecast. Safety would be a factor only
with wind shift or spotting.

Exercise #2.

Fire will continue upslope spread until thunderheads arrive.
Dust devils apparent on west benches of ridge, can intensify
spotting. Shift in wind to the west and intensification of
burning on fire head as thunderheads develop. Ask Cicero

Peak Lookout to keep you posted on thunderhead dvelopment and
arrival. Post local lookout to watch for spotting around fire.
Notify all crews of escape route needs and which edge of fire
will be dangerous. Caution against frontal attack after 1430.
Maintain communications with all crews.

Exercise #3.

Fire will run to ridge top with increased winds from west with
spotting over top of ridge. As thunderhead moves eastward,
southern flank will become the head. As thunderhead continues
east, west flank will become active.

There is a possibility of spots on east side of ridge making
a run to top from east to west with eastward passage of
thunderstorm. If crews were on ridge top, they could be in
danger.

If a strong convection column develops as main fire makes run
.up to the ridge, any spots on east side of the ridge will make
& run up slope to west regardless of thunderstorm activity.
Pull crews off east and south side and work them on the north
and west side.
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Course F=-1a
INTERMEDIATE FIRE EFHAVIOR

U. 8. Forest Service - k-2

FINAL EXAMINATION

Instructions

1. On the yellow and black Trainer-Tester Response Card, Z6b, write:

Your name in the name block
Your home unit in the instructor block
F-la in the course block

2. Read the examination questions ecarefully. ¥or each question,
there is only one answer that is both true and complete., Seliect
what you think is the best answer (a, b, or ¢) and erase the
black spot on the response cerd under the letter of your choice.

If you uncover an R, you have ithe right ansver--
go on to the next questicn.

If you uncover an X, you have the vrong answver--
re-read the question and choose another answer. Keep
erasiug until you uncover zn R for ewch auestiecn. i1y
to get the R the first time, since the b2st score is
the cne with the fewest erasures.,

3. If you have @ny questions regarding the test, raise ycur hand
for instructor assistance.

READ EACH QUESTION CAREFULLY AND BE SURE YCU UNDERSTAND IT. BEFORE
ERASING ON THE RESPONSE CARD, CHECK TO BE {URE THAT THE QUESIION
NUMBER CORRESFONDS WITH THE TEST CARD NUMBIR,
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Which of these would normally cause the worst kind of fire behavior?

a. Warm front !
b. Occluded front
c. Cold front

Which of the following weather elements a;waz decreases with
increasing altitude?

a. Temperature
b. Pressure
c. Relative humidity

Fine fuel moisture is useful as an indicator of ignition prctability.
Spotting from ordinary fire brands:

a. Is both of the following.

b. Is unlikely above 25 percent fine fuel moisture.

¢. May reach dangerous proporticns btelow & ypercent
fine fuel moisture.

A strongly developed convection column is of a high
intensity fire.

a. An effect.
b. A cause.
¢c. A necessary characteristic.

In the absence of a meteorologist on a project fire, the fire
behavior officer would usually:

a. Make his own weather forecast.

b. Use general forecast received by commercial radio.

¢. Collect weather data from fire area and transmit tc
the nearest fire weather station for a spot forecast.

Assignment ot a fire behavior officer would be most important to
which of the following fires:

a. A sector-sized fire in remote alpine fire timber type
- with 100 line workers and tcp overaead positions Tilled.
b. A multiple crew-sized fire with 75 line workers in
- brush-grass type near inhabi%ed structures.
¢. A division-sized fire after it had been controlled but
is still being mopped up.

The combustion process is basically:
a. The reverse of symbiosis.

b. The same as photosynthesis,
c. The reverse of pho. osynthesis.
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10.
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Fuels, topography, and weather are three factors that:

a. Determine fire behevior and indicate a fire's
potential.

b. Are necessary for combustion.

c. Restate the fire triangle.

Assuming fuel was constant throughout, where weculd you be
most likely to encounter fire whirls?

a. Steep slcpes.
b. Benches and ridge tops.
¢. Flat areas and creek bottoms,

The most dangercus fire conditions usually exist in the velley
bottoms during the period from:

a, Noon to midnight.
b. 8 p.m. to 8 a.m.
c. 8 a.m. to 8 p.m.

As a fire runs up a uniform slope, the head of the fire will
normally:

a. Become wider.
b. Remain constant.
¢c. Become more narrowv.

Fuel mcisture content is expressed:

8. As a percent of oven dry weight.
b. As a percent of green weight.
¢c. In ounces per poun¢ of wood.

In a case where there are no graaient winds, which of these
canyons (assume all similar size, steepness, etc.) would
normally have the strcngest, most turbulent winds?

8., Canyon mouth on west, head on east. :
b. Canyon mouth on scuthwest, head on northeastth
¢. Canyon mouth on south, head on north. /\ '

A cold front from the west is forecast to move into your fire
area at 1600 hours. As the front rasses, the most likely
weather occurrence will be:

8. ©Steady rain and decreasing fire daﬂger.
b. Winds shifting from northwest to southwest.
¢. Winds shifting from southwest to northwest.

A
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Methods of heat transfer that are major causeé of forest fire
spread are:

. &, Convection, conduction, and radiation.
b. Radiation, convection, and spotting.
c¢. Radiation, conduction, convection, and spotting.

Which one of the following statements is true?

a. Spotting is less likely with a fractured or sheered
convection column.

b. Glowing combustion begins at higher temperatures than
flaming combustion.

c. Forced convection decreases fire intensitv,

In a fire suppression organization, the fire tehavior officer
may advise the fire boss directly and is part of the:

a. Plans function.
b. Command function.
c. Service function.

The fire boss has just told you that he hopes to execute a
fairly large scale burnout opsrstion in & canyon that runs
northeast to southwest (mouth at southwest). Fuel type

is mostly cured annual grasses, with scattered light brush
and a few pine trees. The zh-hour weather forecast you
received an hour ago at 06CO is:

"Continued clear, warm, and dry. Max. daytime temp.
in fire area 95 to 100. Min. humidity this afternoon
6-8 percent. Daytime winds SV 8 to 12, with gusts to
20 in midafternoon. Min. temp. tonigat 60-65; max.
humidity 25-30 percent; night winds - light to
variable,"

The fire boss asks you when the best time would be to start
the burnout along the canyon bottom, proceceding downcanyon
from NE to SW. Your best answer:

g 1500,
b. 2300,
c. 1900,

An important property of a fuel bed 1s particle spacing:

8. Both horizontally and vertically.
b. Vertically.
c. Horizontally.
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Which quality of a fuel is important to us in understanding
fire behavior?

a. The quantity of heat energy it contains,
b. Both (a) and (c).
c. The rate at which the energy is released.

In general, which slope exposure provides the most favorable
conditions for ignition and spresd of wildfire.

a. South and southwest.
b. North and northeast.
c¢. South and east.

During the summer, severe fire conditicns usually cccur in the
thermal belt portion of a slope because of:

a. Highest average temperature and lowest average
relative humidity.

b. Highest average temperature and highest average
relative humidity.

¢c. Extreme dcwnslope winds.

Adiebatic cooling means:

a. Cocling dve to lifting and evaporation in the sir.

b. Cooling at 53° per 5CO feet because heat energy is
taken from the air.

¢c. Cooling due tc a decrease in air pressure where no
heat energy is lost.

Alto-cumulus castellatus cliouds cobserved at 08300 in July in your
area are & strong indication of:

a. EKain within the next 2&4 hours.
b. A probable cooling trend.
¢. Thunderstorms that afternovon or evening.

Winds produced on a fire by a nearby thunderstorm will:

&. Blow outward from the general direction of any
precipitation or virga.

b. Blow from the fire tcwards the thunderstorm becruse

; of strong rising currents witnin the thunderstorn
cell

c. Not be of importance since a thunderstorm contains
mostly vertical currents.
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27.

28.

29.

30.

Lenticular shaped clouds in the lee of a sharp mountain range
indicate:

. 8, Thunderstorms will develop rapidly.
b. Strong dowaslope winds along the urper lee sicpes.
c. Steady light winds aloft,

According to the job description, a fire behavior officer can
best do the job if (in addition tc other qualifications) he
is a:

a. Meteorolcgist.
b. Qualified sector or division toss.
¢. Local man.

When extreme fire behavior conditions exist, fires may:

8. Burn downslope &t extreme rates.
b. Both (a) and (c).
¢c. Burn across drainages, burning upslope and downslope.

Instability of an air mass can best be judged by:

a. Well developed convection column fire whirle.
b. Both (a) and (c).
¢. Clear visibility, cust devils, bumpy flying.

Key factors that contribute to extreme fire tehavior (tlowup
conditions) are:

a. Wind direction and velcrity, buildup index, and
topographic features.

b. Position of jet stream cwer fire, spreesd index and
topographic features,

¢, Fuel emount and dryness. weather factors, and influences
of terrain.

7 o
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A, Situation

LOCATION: Western Wyoming;

ELEVATION: 9080 feet (See quadrangle map 1 following page)

COVER TYPE: Conifer Forest - Mostly Lodgepole pine of all
age classes, moderately stocked. Area wss tie
hacked in the early iays and some logging has
occurred recently. Clash areas are in all
stages of deterioration.

The ground cover is bunch grass in the openings
and moderate to heavy dead fall under the stands.
The rate of spread snd resistance to control

in the area is medium - high,

TOPOGRAPHY: Gentle to steep with occasional lava outcrops.
All of the ares is a south exposure.

WEATHER: It is August 20. Meazsursble rainfall has not
occurred since June i15. The buildup index has
been in extrem: for "1 days. Spread has been
fluctuating from low to extreme. This is the
expected fire weather for the time of the vear.

B. The Fire
The serial patrol reports a smoke on 6 mile creek at 1500.
You start for the fire with your ~vew and arrive =t 1530,

khen you arrive st the fire it is 8 acres in size sni




spreading in a N.E. direction. These slides show what the fuels
look 1like and a general picture of the area.

While you are enroute to the fire, you ask by radio for a special
forecast for the 6 mile area. Just as you arrive you get the

Weather Bureau report.




Handout #1

15 Minute Exercise

Exercise No. 1 - Based on the present weather, fuel and topography,

Question:

sketch on Map I the probable fire srea at 2200 on

8/20 from starting point X.

Explain your reasoning for your sketch of the fire
size. You are not concerned with suppression

activities.




Handout After The

Problem Is Over

Answer - Exercise No. 2:

Cold front has passed over the fire area. Note the 900
shift of wind and drop in temperature from the day before.
The fire will not incresse in size from the day. Some
ground creep may occur in duff area, and smoldering of the
heavy fuel. The fine fuels will respond quickly to the

higher humidity and will not burn.




Handout After Problem

Is Over

Aigwer - Exercise No. 1:

The fire burned sbout 178 ~cres in moderate fuels on a
gentle slope. Spotting was about 1/4 to 1/3 mile ahead of
the main fire with the wind at 2C mph and R.H. of 21%.

See the attached map.
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Handout #2

10 Minute Exercise

Exercise 2 - It is now 0500 on 8/21., The fire has laid down and
has not moved since 240C. The current weather based
upon information from the firs ares:

Temperature - 58° and dropping slightly
R. H. 35-42, wind N. 8-10 mph

Estimated B.U.I. 181, Estimsted spread Index 7.

Question: What has occurred since the fire started yesterday?

What is the expected size of the fire at 2000 hours

todsy? Draw in on Map 2,




Fire Behavior Problem 3

School Solution - As we discussed, you do not send crews down a

chute or draw when you do not have a tie on. The school solution
then would be to build line from Sector B, snacing your crews out

and burning out as sections of line are completed.

1. As the heat builds up in the morning, increasing hot runs un-
hill can be expected. Upslope, upcanyon winds will assist these
runs. Winds over ridges will cause gustiness on lee slopes causing
trouble and spotting. Snot fires could build and make runs. The

steep topogranhy will assist these runms.

2. Keepning escape routes is required. Always tie to an established
point and work from there. Post lookouts, keep everyone in
communication. When you are in a dangerous situation such as this

and cannot reach the Line Orpanization, you can change stratepy.




Fire Behavior Problem #3

Synopsis

This is the second day of the 500 acre Gato Creek fire on the
Rio Grande National Forest. You have been assigned as a Sector
Boss on Sector A. You will be given standard instructions and a
map showing your sector. In addition, a short helicopter ride
will be given you before you go on the line to familiarize you

with your sector,

Today's date is Sentember 10 and no avpreciable moisture has been
received since July 30. The Del Norte Fire Weather Station in-
dicates the following conditions at 1400 September 9; RH 157,

Dry Bulb 90°, Wind SW 5 MPH, BUI 150.

Please prepare written responses to each handout questionm.

Question 1: What fire behavior factors do vou anticipate on this
fire?

4 1A AAA M € N —
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Sector Boss Instructions

9/10
Sector A - First Shift

Crew Assignments - 25 Blackhats ~ Johnson
25 Kyle I - Williams
25 Pine Ridge I - Smith
25 Pine Ridge II - Watson

Instructions

Tool your men for rough hand line building with burn out following,

Send two crews to bottom of creek and build fire line to west linking
up with Sector B. Have two crews build hand line from junction of
Sector C and Sector A to the bottom of the creek. Vhen your line is
complete, begin burning out. See map attached. Keep lookout for

spot fires outside of your line.

Bring tools into landing at end of shift for pickup and sharpening.

Report to Plans for debriefing at 1800,




TO ALL FIRE OVERHEAD:

GATO CREEK FIRE SAFETY NEWS <« 9/10 .

Congratulations! Your SAFETY RECORD to date has been very
commendable. In spite of very hazardous conditions, there have
been no serious injuries on the Gato Creek Fire. To date, there
have been three men disabled - one by a rolling rock, one due to
an eye injury caused by running a branch into it, and another
because of an insect flying into his ear.

However, with the fatigue factor now entering the picture, a
danger of increasing accidents is more present. It is up to you,
the overhead, from the Strawboss up to the Division Boss, to keep
accidents from occurring. You are directly responsible for the
safety of your men. You cannot delegate this resnonsibility.

FIRELINE SAFETY

The greatest fireline hazard on this fire is from falling snags,
rolling rocks, and rolling logs. Be alert to these dangers. Keep
lookouts posted for these dangers.

Make certain that every member of your crew knows his immediate
boss.

Always have escape routes planned in advance. Remember that a
burned-out area is the safest area during blowups.

Be careful of smoke inhalation.

Have your men drink water sparingly and use plenty of salt with
their meals.

Immediately release all unsafe workers.
TRANSPORTATION

Do not transport men and tools in the same vehicle. Use your
pickup for tools when you have trucks for men.

Designate one man in each truckload of men to insist upon the
following:

a. Tools are not being carried with men.

b. Men are seated when truck is traveling.

c. Tailgates, or adequate roping, are used.

Truck drivers must keep a safe distance between vehicles because
of smoke limiting visibility.

When traveling through burned areas, one man in the front with
the driver must watch for dangerous snags and rolling material.

Depressing headlights, when traveling at night, often increases
the visibility in smoky areas.




Fire Behavior Forecast

Gato Creek Fire - Day Shift

General Forecast

This fire should be expected to pick up and move by 1000 a.m. Winds
will be light, gusty, and variable in the morning, becoming South-
west somewhat stronger in the afternoon. Upslope winds can be
expected on south and east facing slopes by 1000 and upcanyon winds
in south and east-facing drainages by 1100. Humidities will remain

low, 15 - 20%. Temperature 85 - 90°, Wind SW 10-15 MPH over ridges.

Specific Forecast

Sector A - Upslope winds will be noticeable on all south facing
slopes by 1000 - 1100. Winds will be light southwesterly across

the ridges this morning, but will increase to 15 MPH from south-

west around noon. Winds across ridges may switch back to southerly
after 1600, but don't count on it. Firing crews should expect wind
eddies and erratic fire behavior. Crews should check wind directions

carefully in advance of firing operations on this section of line.

Tice 2100 9/9




FIRE BEHAVIOR PROBLEM {3
Handout II

2. What safety factors do you anticipate?

F & ~ 1 e ~} & 2 " e, NALN- \ n"\_\ .

3. You are unable to contact the Line Boss or Fire Boss. What do
you do in this case?
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(wos-mesie @) INSTRUCTOR'S LESSON PLAN &

* COURSE Immediagé'ﬁﬁre Behavior INSTRUCTOR Robert W. Tice
LEssoN __Combustion Process FILE NO.__2100 - Fire Control Training
START & STOP TIMES __0930 - 1030 NO. ASSISTANTS 2
METHOD OF INSTRUCTION _ Lecture NO. IN AUDIENCE _60
PLACE Fort Collins, Colorado TRAINING AIDS _Carousel Projector
DATE March 16, 1971
OBJECTIVE Give fundamentals of combustion process
TIME LESSON OUTLINE AIDS & CUES

Gentlemen, I am passing out a box of matches. Would each
of you take two matches and lay them in front of you. Do
not strike the matches until I tell you.

As the matches are being passeéed out, I would like you to
look at this word. The word is TANSTAFL. Can anybody tell
me what it means? Well, for the benefit of those who have
never seen this word, it means "There Ain't No Such Thing
As Free Lunch," so from now on it is up to you to pay
attention.

During the next two days you will study in detail all of the
various factors related to fire behavior. There is nothing
mysterious or secret about fire behavior. All of the
behavior elements can be separated in three basic factors.
These are fuel, weather, and topography.

This session this morning is going to deal with fire physics
and more specifically the combustion process.

Would you all pick up one match and look at it. You will
notice that it is made of wood. Wood is very stable at
normal temperatures. However, because it is an organic
compound, it does suffer deterioration at high temperatures.
It darkens, it gives off gases and water, becomes less dense
loses strength, and becomes easily ignited. Please strike
your match and watch it as it burns.

What you are witnessing is the combustion process. By
definition, combustion is the release of stored chemical
energy by thermal degradation and rapid oxidation. Fire
is both a chemical and physical process. It accomplishes
rapidly the breaking up of plant substances, or stored
energy, into their chemical parts accompanied by release
of heat energy. In the case of wildland fires, the energy
is stored in plants by photosynthesis.

Most of you are probably familiar with photosynthesis but
let's review.

1.

S

Pass out two
matches each.

Turn on projector.

TANSTAFL

Pumpkin Creek
Fire from air.

Fuel, weather,
topography

Combustion
Process

Chemical
Physical
Process

GPO B89-227

R2-6100-5 (Rev. 6/70)
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PHOTOSYNTHESIS

€0, + Hy0 + sun energy = plant tissues plus oxygen. 6.

By this process the energy that comes originally from the sun
is stored in the plant tissue.

Wood which is a plant tissue is very stable at normal
temperatures. However, because it is an organic compound it
does suffer deterioration at higher temperatures. Combustion
then is the release or reversal of the storing process of
photosynthesis.

COMBUSTION s

Plant tissue + oxygen + heat = carbon dioxide + water + energ&.

Please note that plant tissue is fuel so we have the three 1 8.

basic elements of the fire triangle; fuel, oxygen, and heat.

I have talked about what happens in combustion, now let's
look at how the combustion process works,

In woody fuels, there are three parts of combustion, althoughl|9.

they overlap somewhat and all exist at the same time in the
moving forest fire. These three phases are precombustion,
ignition, and glowing combustion. I will take each of them
separately.

1. Precombustion - This is the preheating, distillation, 10,

and pyrolysis phase. This is the phase where the fuels ahead
of the flame front are heated, dried, and gases given off.
These precombustion processes generally take place at
temperatures below 540° F,

The physical and chemical changes that take place are complex
For practical purposes we can greatly simplify and say that
during this stage the fuel begins changing from solid and 12,
liquid form to gas, fuel moisture is lost as water vapor and
volatiles in the fuel are released as gas. Cellulose starts

to break down.

2. Ignition and flaming combustion phase - From 540° to 13.

930° F., ignition and flaming combustion take place. Ignition
might be regarded as a link between the first or precombustiod
phase and the second or combustion phase. 1Ignition may also
be regarded as the beginning of that part of the combustion

process in which oxidation occurs. Breakdown of cellulose is
accelerated. This breakdown provides additional volatiles '
which may add to flaming combustion. The flames seen over a l
forest fire or any fire are the burning gases which are given

!

1

Photosynthesis

Combustion

Fire
triangle

Combustion

Precombustion

Drum Heating

Drum spouting
vapor

Zgnition
& flaming
combustion
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off and which give invisible water vapor and carbon dioxide 14. Fire at Night
as the main combustion products. Flaming combustion takes
place in the atmosphere around the fuel not in the fuel it-
self. Flaming combustion is the burning or oxidation of the
gases released from the fuel., If burning is not complete, 15. Torching Tree
some of the gaseous substances will condense without being
burned and remain suspended as small droplets: of liquid or
solids over the fire. These condensed substances are the
familiar smoke that accompanies most fires. Some of the
water vapor may also condense and give the smoke a whitish
appearance.

3. Glowing Combustion - In the third and final combustion 16. Glowing
phase, the charcoal left from the second phase is burned andn}n Combustion

leaves a small amount of ash. About 930° F., direct oxidati
of the charcoal surface can occur rapidly enough to emit a
glow. 1In this phase the fuel is burned as a solid, with
oxidation taking place on the surface of the charcoal. Two | 17. Burning
things are necessary for this glowing combustioq,temperature Scattered
(930° F.) and direct exposure to oxygen. Fuel

The three phases of combustion, that is the preheating,
flaming, and glowing combustion can occur together. Glowing
combustion usually continues after flaming combustion has 18. Grass Fire
ceased. The three parts of combustion can be plainly seen in
a moving fire. First is the zone in which the leaves and
grass curl and scorch as they are preheated by the incoming
flames. Next is the fire zone of burning gases. Following
the flame is the third but less conspicuous zone of burning
charcoal.

Products of Combustion

Heat is the most important product of combustion. It is the | 19. Fire Closeup
main link that sustains combustion as a chain reaction. The
heat of combustion has a profound influence on fire behavior
because it enables the fire to set it's own weather pattern
to the drafts that are created and by drying and preheating
the fuels ahead, which in turn increases the energy output
and the rate of spread.

Would you all please light your second match. We have talked
about the heat necessary to start a fire, preheating and 20. Match
ignition. 1In addition to the heat necessary to start a fire,
it is equally important to have a continuous source of heat

if the fire is to continue and spread, Using the match as an
example, after the chemicals of the match head have flared
and exhausted themselves, the job of supplying input heat for
the giving off of vapors is taken over by the flame of the

burning vapors. This heat goes off into the atmosphere when
the match is held upright, preheating decreases, vapors dis-

appear and the match gradually goes out for lack of fuel. i i,
7 -61060-5 (16/66)
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If the match head is tilted downward so the flame surrounds
the fresh wood of the match, input heat from the flame main-
tains the supply of fuel (by producing vapors and gases) and
the fire spreads up around the match stick. This difference
in the match's behavior can serve to illustrate several prin-
cipals of fire behavior, but it's most important application
to us now is that combustion is a chain reaction process and
must have continuous input heat to the fuels in order to
sustain itself.

The chemical composition of forest fuels varies, but all of

them give off about the same amount of heat energy when burned,

about 8,000-9,000 B.T.U.'s per pound. The resins and waxes in
forest fuels give off 1/2 - 2/3 more energy per pound. About
15,000 B.T.U.'s. Some other characteristics of wood, other
than total heat, are ease of ignition and persistent burning.
Some wood, as you know, is easy to ignite such as cedar,
while others, such as oak, are very difficult to Ignite, In
pitchwood, we find very persistent burning; it is very hot
and hard to extinguish. Bark has essentially the same heatini
value of wood. Some bark has shown outstanding insulating
propertysand is hard to light. Heavy fir bark, for example,
is hard to light without a great deal of heat. Other barks,
such as birch bark will ignite even when wet.

Moisture in Fuels

All parts of living plants contain moisture. Some of it is

lost after death but never all of it, under natural conditiong.

Water occurs in plant cells both as free water and bound wates
Free water is bound inside the cells and in the inter-cellula:
spaces. Bound water is absorbed into the fibers of the cell

wall. Bound water has a higher boiling point than free water
and this requires a greater amount of heat to cause ignition.

Free water is given off as a vapor during the preheating
phase. If fuels are not already dry when heat is applied,
moisture is given off until it is gone. Continued heating
results in volatiles and gases being given off. This ex-
plains why, in part, fires start easier on hot days.
Temperatures of 170° at ground level have been recorded. The
fuel temperature is already part way toward the 400° to 600°
needed to preheat the fuel so that it can give off vapors.

Once the fuels are preheated and the vapors and gases are
being given off, then it is necessary that we have the right
supply of oxygen. There must be the right quantity and it
must be properly mixed with the vapors and gases of the fuel,
In most forest fuel situations, this is automatically supplie
from the air surrounding the fuel. Lastly there must be a i
continuous supply of oxygen to the fire in order to sustain i
combustion. A continuous supply is also almost automatic for

forest fuels. However, if there is a wind blowing it will

21. Chem. Comp.

22. Camp Fire

23.

24,

25,

Fuel Moisture

Fuel Moisture

Forest Fire

2 k : N0,
supply more oxygen and the fire will burn more intensellfd-f | (=5, (]fgfﬁf;)
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Let's review combustidn:

A. Plants are formed by photosynthesis.

B. Combustion is the breakdown or reverse of this process.

C. There are three elementary ways this breakdown or oxidatiohn
occurs:

1. Precombustion - moisture is evaporated. Part of the
fuel is released as a gas, cellulose starts to break
down.

2. Ignition occurs and flaming combustion begins.
Flaming combustion is the rapid oxidation of the
flammable gases given off by the fuel.

3. Glowing combustion. At 930° + in direct contact with
oxygen, the carbon or charcoal is oxidizing rapidly |
enough to glow. This is glowing combustion. |

This carbon must be oxidized as a solid because it's
melting and boiling points are higher than the heat
of combustion.

Most of our present day fire retardants work by
adding mineral salts to the fuel. This causes more
of the fuel to remain in solid form. This results in
more glowing combustion and less flaming combustion.

As I stated in the beginning, the combustion process
is a part of the three main fire behavior factors. It
is concerned with fuel mainly, but weather and topo-
graphy are also involved. These factors always act
together and upon each other.

Learning the details of these factors will be somewhat
like learning the alphabet so that you can later learn
to read.

Remember that the individual items you study are only
details in a much larger, more complicated framework.,

Do You Have Any Questions?

26. Growing
Plants

27. Fire

28. Airtanker
Air Drop.

29. Fire on Slope

30. Fire & Smoke

31. The Very
Living
End
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JUST WHAT IS HEAT TRANSFER?
IT IS THE TRANSFER OF HEAT - OR GETTING HEAT
FROM HERE TO THERE.

WHAT DOES THIS HAVE TO DO WITH FIREFIGHTING?
A BURNING FIRE TRANSFERS HEAT - IF WE UNDER-
STAND HEAT TRANSFER, WE WILL BETTER UNDERSTAN&
FIRE AND FIREFIGHTING.

ALL RIGHT., BUT WHAT DO WE MEAN BY "HEAT"?

HEAT 1S A FORM OF ENERGY WHICH COMES
ORIGINALLY FROM THE SUN., OTHER FORMS ARE

CHEMICAL ENERGY., KINETIC (MOTION) ENERGY.
ELECTRICIAL ENERGY., ETC,

LET'S SEE HOW IT ALL WORKS,

IN OUR DISCUSSION ON COMBUSTION, HEAT WAS
INVOLVED IN TWO WAYS: 1. [T WAS REQUIRED TO

BRING THE FUEL UP TO A TEMPERATURE WHERE
COMBUSTION COULD OCCUR.
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2. HEAT ENERGY WAS A PRODUCT OF COMBUSTION.

A CRITICAL CONSIDERATION OF FOREST FIRE BEHAVIOR
IS THE HEAT FROM COMBUSTION THAT IS TRANSFERRED
TO OTHER FUELS. THIS TRANSFERRED HEAT STARTS
THE COMBUSTION PROCESS IN THE NEW FUEL.

THE AMOUNT AND SPEED WITH WHICH THE HEAT IS
TRANSFERRED IS A MAJOR INFLUENCE ON THE RATE OF
FIRE SPREAD,

WE NEED TO UNDERSTAND HEAT TRANSFER SO THAT YOU
CAN BETTER ESTIMATE RATES OF SPREAD.

THERE ARE 4 WAYS THAT HEAT IS TRANSFERRED.
THESE ARE:

1. RaDIATION

2, CoNDucTION

5. CoNVECTION

i, SPOTTING (MASS TRANSPORT)
Discuss Vu - GRAPH

WE WILL CONSIDER EACH OF THESE METHODS OF HEAT
TRANSFER, AS IT RELATES TO FIRE BEHAVIOR,

(Continuation Sheet)

12/65

Vu - GraPH #1
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THE SUN IS THE SOURCE OF ALL ENERGY. THIS
ENERGY REACHES THE EARTH BY RADIATION,
THIS SAME METHOD OF HEAT TRANSFER WORKS
WITH FOREST FIRES, SO WE CAN USE THIS
KNOWLEDGE IN FIREFIGHTING,

RADIATION IS THE PROCESS BY WHICH HEAT 1S
TRANSMITTED THROUGH SPACE WITHOUT THE AID ﬂ
OF EITHER MOLECULAR ACTION OR MASS TRANSFER
WITHIN THE INTERVENING SPACE. RADIATION
ENERGY MOVES FROM THE WARMER MEDIUM TO THE
COOLER ONE.

THIS RADIANT ENERGY TRAVELS IN STRAIGHT
LINES FROM THE SOURCE, AND THE AMOUNT
RECEIVED OVER ANY GIVEN SURFACE AREA DE-
CREASES INVERSELY WITH THE SQUARE OF THE
DISTANCE FROM THE HEAT SOURCE. FOR INSTANCE
THE AMOUNT OF ENERGY RECEIVED PER UNIT AREA
1s 1/4TH AS GREAT AT A DISTANCE OF 2 FT. AS
AT A DISTANCE OF 1 FT. FROM THE SOURCE.

1 FT. Z £,

Vu - GRAPH #2
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THE EARTH'S SURFACE 1S COVERED WITH VARYING
MATERIALS WHICH DIFFER RADICALLY IN THEIR
ABILITY TO ABSORB RADIANT ENERGY.

As EXAMPLES:

MATERIAL ABsorpiviTY (1.0 = 100%)

LAMP BLACK .96 |
PINE FOREST .86 Vu - GrAPH #3
DRY SAND . 82 H

DRY GRASS ‘ .68

ALUMINUM FOIL .15

NEW SNOW D

IN GENERAL., DARK, ROUGH SURFACES ABSORB HEAT
RADIATIONS AND SMOOTH, BRIGHT SURFACES REFLECT
THEM.,

BODIES WHICH ABSORB RADIATION READILY ALSO
RADIATE IT READILY. -A GOOD ABSORBER OF HEAT IS
A GOOD RADIATOR. A DARK., ROUGH BODY WILL RADI-
ATE MORE HEAT THAN A BRIGHT BODY AT THE SAME
TEMPERATURE, THIS RELATIONSHIP IS BASIC TO AN
UNDERSTANDING OF SOME OF THE CAUSES OF LOCAL
WEATHER CONDITIONS WHICH WE SHALL DISCUSS LATER.

R2-6 locﬁg
(Continuation Sheet)
12/65
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THE RATE OF RADIATION IS ALSO DEPENDENT ON THE
AMOUNT OF SURFACE AREA AND ON THE TEMPERATURE
OF THE RADIATING BODY. [HE LARGER THE SURFACE
AREA AND/OR THE HIGHER THE TEMPERATURE THE
GREATER THE RADIATION.

ABSORPTION OF RADIANT ENERGY BY VEGETATION
INCREASE THE TEMPERATURE OF SUCH GROWTH AND
REDUCES THE TEMPERATURE INCREASE NECESSARY TO
PRODUCE IGNITION AND, COMBUSTION,

RADIATION WILL OFTEN DETERMINE WHETHER WE PLACE
A FIRE LINE AT THE FIRE'S EDGE OR WHETHER WE
FALL BACK A FEW FEET WHERE IT IS COOLER. ALSO,
WE FIND THAT OUR FIRE LINE WIDTH IS DETERMINED
BY THE AMOUNT OF RADIATION ENERGY WE MUST OVER-
COME.,

TOPOGRAPHY - ASPECTS - ANGLE OF SLOPE., AND
RELATED TOPOGRAPHIC FEATURES ALSO VARY THE
AMOUNT OF THE SUN’'S ENERGY THAT THE EARTH ABSORBQ
ON A SMALLER SCALE THESE ALSO HAVE A RELATION TO
HEAT RADIATION FROM FOREST FIRES.

R2-6100-~

;

(Continuation Sheet)
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IF you FACE A LARGER HEAT SOURCE., SAY A FLAME
FRONT, THE REDUCTION OF ENERGY' IS NOT AS MUCH

AS FROM A SINGLE POINT SOURCE - MORE GETS
THROUGH SINCE THERE IS A LARGER NUMBER OF POINTS
AND THEREFORE MORE HEAT BEING RADIATED,

SINCE EARTH IS TILTED ON ITS AXIS, SOME OF THE
SUN'S RADIATION HITS THE EARTH SQUARELY; NEAR
THE EQUATOR, AND SOME HITS THE EARTH AT AN
ANGLE, NEARER THE POLES,

LARGER AREA
SuN SMALLER AREA

LARGER AREA

THIS MEANS THE PORTION OF THE EARTH NEARER THE

[EQUATOR BECOMES PROPORTIONATELY MUCH WARMER

THAN THE POLAR AREA. THIS UNEVEN BALANCE OF
FEAT TRIGGERS AIR MOVEMENTS (WHICH WE CALL
"WEATHER"”). [T WILL BE COVERED IN CONS ] DERABLE

R2-6100=~

EETAIL LATER.,

(Continuation Sheet)
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THE EARTH AS A WHOLE RECEIVES EVERY MINUTE AS
MUCH ENERGY AS MANKIND USES IN A WHOLE YEAR.
THIS AMOUNTS TO AN ANNUAL ACCUMULATION OF ABOUT
10 BILLION CALORIES PER ACRE IN A CONIFER,
FOREST OR THE ENERGY EQUIVALENT OF ABouT 310
GALLONS OF GASOLINE,

RADIATION PASSES FREELY THROUGH SPACE. WHEN IT
FALLS UPON MATTER, SOME RADIATION IS REFLECTED,'
SOME ABSORBED, AND SOME MAY BE TRANSMITTED,

THE EXTENT TO WHICH THESE DIFFERENT ITEMS OCCUR
DEPENDS ON THE CHARACTERISTICS OF THE BODY UPON
WHICH THE RADIATION FALLS.

MORE ENERGY WILL BE RECEIVED PER UNIT AREA IF

THE RECEIVING SURFACE IS PERPENDICULAR TO THE
RADIATION THAN IF IT IS AT AN ANGLE.

e
- RADIANT HEAT DISPERSED
\______‘v__‘:; Vu - GRAPH #5

—

RADIANT HEAT CONCENTRATED

R2-6100-5
(Continuation Sheet)
12/65
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RADIATION.BECOMES IMPORTANT IN WILDFIRE SPREAD
PRIMARILY UNDER SPECIAL SITUATIONS., SUCH AS IN

VERY NARROW, STEEP-SIDED CANYONS., FLAME CONTACT

WITH UNBURNED FUELS AND FIREBRANDS FALLING
AHEAD OF THE FIRE APPEAR LIKELY TO BE THE MAIN
MECHANISM BY WHICH FIRES SPREAD, PARTICULARLY
WHERE WIND IS A FACTOR.

THE EARTH'S ATMOSPHERE HAS SEVERAL IMPORTANT !

EFFECTS ON RADIATION.,

A. CLouDS, WHICH ARE SMALL WATER DROPLETS,
SCREEN OUT SOLAR RADIATION. REDUCING SUR-
FACE HEATING., AT NIGHT, CLOUDS CAN REFLECT
HEAT RE-RADIATED BY THE EARTH BACK TOWARD
EARTH, RESULTING IN WARMER NIGHTS;

B. ON "CLEAR" DAYS, THE SUN'S RAYS ARE STILL
FILTERED OUT BY VARIOUS COMPONENTS OF THE
EARTH'S ATMOSPHERE. THE OZONE LAYER OF THE
ATMOSPHERE ABSORBS MOST OF THE ULTRAVIOLET
RADIATED BY THE SUN. [HE VISIBLE LIGHT IN
THE BLUE AREA IS SCATTERED, RATHER THAN
ABSORBED - THUS M%KING BLUE SKY,

(Continuation Sheet)
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D,

AFTER REACHING THE EARTH'S SURFACE., THE
VARIOUS ENERGY WAVELENGTHS CAUSE THE EARTH
TO WARM UP, THIS HEAT IN TURN IS RE-RADIAT
BACK INTO SPACE AS INVISIBLE INFRARED ENERG
THE INFRARED SCANNER IN THE FIRESCAN AIR-
CRAFT “SEES” THIS AND CONVERTS IT TO A
VISIBLE IMAGE. IT ALSO SEES FIRES AND
OTHER HEAT SOURCES,

CARBON DIOXIDE I'N THE EARTH'S ATMOSPHERE
ABSORBS AND RE-RADIATES THIS RE-RADIATED
INFRARED BACK TO THE EARTH., FURTHER RAISING
THE TEMPERATURE AT THE EARTH'S SURFACE.
THIS 1S THE SO-CALLED "GREENHOUSE" EFFECT.
CARBON DIOXIDE ALLOWS THE SUN'S ENERGY
(LARGELY ULTRAVIOLET) TO PASS FREELY., BUT
TRAPS SOME OF THE EARTH'S HEAT.

SO MUCH FOR RADIATION. ONE OF THE FOUR MAJOR
METHODS OF HEAT TRANSFER.

NoWw THAT WE HAVE RADIATED ALL THAT ENERGY FROM
THE SUN TO THE EARTH AND EITHER STORED IT FOR

FUTURE USE IN SOME FORM OF FUEL OR USED IT IN

(Continuation Sheet)
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SOME OTHER WAY., WE WILL CONSIDER OTHER METHODS
OF HEAT TRANSFER.

HEAT ALWAYS FLOWS FROM A WARMER MASS TO A
COOLER MASS. [HE AMOUNT OF HEAT AN OBJECT HAS
IS MEASURED BY A THERMOMETER AND CALLED
TEMPERATURE.

WHEN A SUBSTANCE 1S HEATED UP, THE MOLECULES IN
THAT SUBSTANCE BEGIN TO MOVE ABOUT MORE FREELY.
THESE MOLECULES ARE ALREADY MOVING BUT THEY
BEGIN MOVING FASTER WHEN THEY ARE HEATED UP.

IN THE CASE OF A GAS THE MOLECULES MAY MOVE
FURTHER APART, CAUSING EXPANSION,

3. CONDUCTION
HEAT 1S TRANSFERRED WITHIN SOLIDS, LIQUIDS.
AND GASES BY A PROCESS CALLED CONDUCTION.

A CONDUCTING MEDIUM BY KINETICS (MOTION).

THAN HEAT I1.,E. ELECTRICAL ENERGY. KfNETIC

R2-6100=

ENERGY., ETC.

:

(Continuation Sheet)
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THIS IS THE TRANSFER OF ENERGY FROM PARTICLE
TO PARTICLE-OF MATTER BY CONTACT AND THROUGH

CONDUCTION CAN ALSO TRANSFER ENERGY OTHER r
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IN LIQUIDS AND GASES., CONDUCTION IS USUALLY OF
LESSER IMPORTANCE THAN CONVECTION BECAUSE OF THE
MOVABILITY OF THE LIQUID OR GAS MOLECULES;

CONDUCTION CAN BE DEMONSTRATED BY ATTACHING

OF THE ROD, AND OBSERVING THE WAX AS IT MELTS
AND FALLS FROM THE ROD.

]

SOME SOLIDS ARE GOOD CONDUCTORS: OTHERS ARE
POOR CONDUCTORS. [HE AMOUNT OF HEAT THAT WILL
FL.OW BY CONDUCTION THROUGH A PIECE OF MATERIAL
DEPENDS ON THE TIME THAT THE HEAT FLOWS, THE
TEMPERATURE DIFFERENCE BETWEEN THE HOT AND COLD
FACES, THE AREA AND THICKNESS OF THE SUBSTANCE
AND NATURE OF THE MATERIAL.,

THE VALUES HAVE BEEN DETERMINED EXPERIMENTALLY
FOR VARIOUS SUBSTANCES., COPPER, WHICH IS A GOOD

[conDUCTOR HAS A VALUE OF ,0975. WooD oN THE

OTHER HAND HAS AN AVERAGE VALUE ofF .0002, In
GENERAL, METALS ARE GOOD CONDUCTORS WHILE NON-

R2~6100=-

5

(Continuation Sheet)
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DEMONSTRATION

PIECES OF WAX TO A METAL ROD., HEATING ONE END #/COPRER ROD .,

VICE, ASH TRAY.
WAX, AND BLOW |
TORCH, IF TIME
PERMITS,
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METAFS ARE POOR CONDUCTORS. VYERY POOR CONDUC-
TORS ARE USED AS INSULATORS, LIQUIDS ARE POOR
CONDUCTORS, AND GASES ARE VERY POOR; THE BEST
INSULATORS, THEN, ARE SUBSTANCES WHICH IN THEM-
SELVES ARE POOR CONDUCTORS.

IN SOLIDS, CONDUCTION IS THE ONLY METHOD OF HEAT
TRANSFER., IT IS ALSO ONE OF THE MAIN FACTORS
LIMITING THE RATE OF BURNING IN HEAVY FUELS}
SUCH AS SLASH, LIMBS’AND LOGS., ETC} MATERIALS
THAT ARE POOR CONDUCTORS OF HEAT (SUCH AS MOST
FOREST FUELS) IGNITE MORE READILY THAN DO GOOD
CONDUCTORS, BUT THEY BURN MORE SLOWLY.

EXAMPLE - ONE OF THE BEST PLACES FOR SPOT FIRES
TO START IS IN PUNKY LOGS, IN SNAGS, AND OTHER
SUCH PLACES WHERE A ROUGH SURFACE} OFTEN A DARK
COLOR, AND FINELY DIVIDED FUEL PARTICLES PROVIDE
AN IDEAL STARTING PLACE FOR FIRES.,

BECAUSE OF THE POOR CONDUCTIVITY OF WOOD.

IS NOT A MAJOR FACTOR IN
OREST FIRE SPREAD. :

R2-6100=~
(Continuation Sheet)
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WE HAVE NOW CONSIDERED TWO OF THE FOUR MEANS OF

HEAT TRANSFER:
RADIATION

CoNDUCTION

THESE WILL HELP US UNDERSTAND THE REMAINING
PROCESSES.

THE PAciFic SouTHWEST FOREST AND RANGE EXPERIMENT
ISTATION MADE SOME INTERESTING DETERMINATIONS OF
THE HEAT BALANCE IN A WOOD FUEL FIRE.

PERCENT
ONVECTIVE HEAT 61.7
EADIATION 18.1
CoNDUCTION (INTO GROUND) 4.9
HEAT VALUE OF CHARCOAL 1.0

HEAT VALUE OF UNBURNED 5.5
COMBUSTION GASES

HEAT ACCOUNTED FOR 91.2
HEAT NOT ACCOUNTED FOR 8.8
TotaL HeaT 100.0

OTICE THAT NEARLY 2/3 THE HEAT WENT INTO
NVECTION. CONVECTION IS VERY IMPORTANT IN THE

PREAD OF FOREST FIRES.
R2-6100-~
(Continuation Sheet)
12/65
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A FEW EXAMPLES OF CONVECTION MAY HELP US HERE: I

CONVECTION

WHAT 1S CONVECTION, REALLY?

[T 1S THE TRANSFER OF HEAT BY THE MOVEMENT 0?
A GAS OR LIQUID.,

THE KEY HERE IS MOVEMENT., THIS IS WHY SOLID$

CAN’'T CONVECT.

A HOUSE IS HEATED BY CONVECTION., THE HOT
AIR FURNACE TRANSFERS HEAT TO THE INTERIOR of
THE HOUSE. (ALTHOUGH THE AIR IS HEATED AT THE
FURNACE BY CONDUCTION). THE DIFFERENCE IN
THE AIR'S DENSITY, BECAUSE OF THE DIFFERENCE
IN THE AIR'S TEMPERATURE, CAUSES CIRCULATION
AND THUS THE WHOLE ROOM IS HEATED.

CONVECTION, WITH SOME HELP FROM RADIATION,
IS THE MAIN REASON GROUND FIRES ARE TRANS-
MITTED INTO TREE CROWNS., HoT GASES FROM THE
GROUND FIRE BELOW.RAISE CANOPY TEMPERATURE

TO OR NEAR THE KINDLING POINT, ALTHOUGH

CONVECTION INITIATES CROWNING, BOTH CONVECTIQN

(Continuation Sheet)
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AND RADIATION PREHEAT THE CROWN CANOPY
AHEAD OF THE FLAMES. [HIS IS PARTICULARLY
EVIDENT WHEN A FIRE MOVES UP SLOPE.

TREE CROWNS, DRIED AND PRE-HEATED BY CONVEC-
TION, FROM A GROUND FIRE ARE A DANGER THAT

MOST FIRE CONTROL PEOPLE RECOGNIZE. SURFACE
FIRES MUST BE COOLED PROMPTLY. AND HOT FUEL
MASSES SHOULD BE BROKEN UP TO PREVENT CROWN F
FIRES. :

WIND IS CAUSED BY CONVECTION. HEATED AIR
EXPANDS, BECOMES LESS DENSE AND MORE BUOYANT.
AND RISES. THE SPACE BEHIND THIS MOVING AIR
IF FILLED WITH COOLER. HEAVIER AIR. AND THE
PROCESS GOES ON AND ON. (LOUDS ARE FORMED
WHEN THE HEATED AIR COOLS AND MOISTURE
CONDENSES.,

THE PROGESS OF CONVECTION IS RESPONSIBLE FOR
THE MAJOR AIR CIRCULATION PATTERNS OF THE
WORLD, WHICH WILL BE DISCUSSED LATER. CoLD
AIR MOVING FROM THZ POLES FLOWS TOWARD THE
EQUATOR WHERE IT IS HEATED AND FORCED UPWARD

(Continuation Sheet)
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BY MORE COLD AIR. As IT IS COOLED AGAIN: IT
DESCENDS AND THE CYCLE IS COMPLETED.

LAND AND SEA BREEZES RESULT FROM THE TEMPERATURE
DIFFERENCES BETWEEN LAND AND WATER. DURING THE
DAYTIME, THE LAND ORDINARILY HAS A HIGHER TEM-
PERATURE THAN THE WATER. AIR WARMED BY THE LAND
DECREASES IN DENSITY AND WINDS ARE CAUSED AS Vu - GRAPH #7
COOLER, DENSER AIR FROM OVER THE BODY OF WATER |
MOVES IN TO DISPLACE>IT. AT NIGHT, THE REVERSE
IS TRUE. THE LAND COOLS MORE RAPIDLY THAN THE
WATER. AIR OVER THE WATER 1S THUS MABE RELA-
TIVELY WARMER AND LESS DENSE, AND IS DISPLACED
BY THE COOLER, DENSER AIR MOVING OUT FROM THE
LAND, RESULTING IN OFF-SHORE BREEZES.

CONVECTION IS ALSO DEMONSTRATED BY THE DEVELOP-

MENT OF CUMULUS CLOUDS. WARM AIR RISES BECAUSE
OF LOCAL HEATING. AS ITS TEMPERATURE DECREASES,
THE VAPOR IN THE AIR CONDENSES TO FORM CLOUD JVU ~ GRAPH #8
ROPLETS., THE CONVECTION CYCLE IS COMPLETED i
Y THE RETURN OF THIS COCLER AIR TO LOWER
ELEVATIONS, ;

R2-6100-~
(Continuation Sheet)
12/65
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ANOTHER READILY APPARENT EXAMPLE OF THE CONVEC-
TION PROCESS WHICH MOST OF YOU HAVE UNDOUBTEDLY
NOTICED IS THE COLUMN OF SMOKE WHICH RISES FROM
A FIRE WHEN THE WIND DOES NOT CARRY IT AWAY.

THE SHAPE AND CHARACTER OF SMOKE COLUMNS IS A
VERY VALUABLE AID IN PREDICTING FIRE BEHAVIOR.
CONVECTION IS OF PARTICULAR IMPORTANCE TO THE
FOREST-FIRE CONTROL MAN BECAUSE OF STRONG CON-
VECTION UPDRAFTS OVER A FIRE FRONT CARRYING HEAT
TO TREE CROWNS AND OFTEN THROWING FIREBRANDS FAR
AHEAD OF THE FIRE FRONT.

IN FIRES WE SPEAK OF TWO TYPES OF CONVECTION:
IFREE ConveEcTION AND FORCED CONVECTION,

FREE CONVECTION IS WHERE THE CONVECTION IS DUE
DNLY TO THE CIRCULATION SET IN MOTION BY THE
HEAT OF THE FIRE.

FORCED CONVECTION IS WHERE A BLOWER OR IN THE
CASE OF FOREST FIRES, THE WIND “FORCES” OXYGEN
[NTO THE FIRE., THIS SETS THE STAGE FOR HIGH
FNTENSITY FIRES, '

(Continuation Sheet)
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EITHER WAY., WHEN CONVECTION GETS GOING IN A BIG
WAY, THE FIRE IS ON ITS WAY TO A HIGHER-
INTENSITY., PERHAPS LARGE OR EVEN BLOWUP FIRE.
FIRE THEN CHANGES FROM TWO-DIMENSIONAL TO THREE-
DIMENSIONAL. (LATERAL, HORIZONTAL AND VERTICAL)

ALTHOUGH THE CONVECTION COLUMN ON A LARGE FIRE
(WHICH MAY REACH 25,000 or 35,000 FT. ALTITUDE)
HAS BEEN CONSIDERED AS ESSENTIAL TO LARGE.,
INTENSE FIRE DEVELOPMENT, THERE 1S LITTLE
ACTUAL EVIDENCE THIS IS TRUE, IN OTHER WORDS,
THE CONVECTION COLUMN 1S A SYMPTOM OF A LARGE
FIRE AND NOT THE CAUSE OF A LARGE FIRE. EXCEPT
WHERE _SPOTTING OCCURS, THE CONVECTION COLUMN
MAY ACTUALLY RETARD THE SPREAD., AS IN LOGGING
SLASH DISPOSAL FIRES BY DISPERSING HEAT.

SO FAR, WE HAVE CONSIDERED THESE METHODS OF
HEAT TRANSFER:

RADIATION
CoNDUCTION
CONVECTION

THE ONLY METHOD LEFT IS MASS TRANSPORT OR
SPOTTING.,

R2~6100=-

J
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SPOTTING

ONE REASON CONVECTION IS SO IMPORTANT TO
FIRE SPREAD IS BECAUSE OF ITS RELATIONSHIP
WITH OUR U4TH TYPE OF HEAT TRANSFER, MASS
TRANSPORT OR SPOTTING.

SPOTTING IS THE RELOCATION OF A HEAT SOURCE
THROUGH PHYSICAL MOVEMENT. THE HEAT SOURCE
COULD BE HOT CARBON PARTICLES FROM AN
EXHAUST, IT COULD BE EMBERS OR FLAMING
FIREBRANDS FROM A FIRE, [HE FORCE THAT RE-

LOCATES THE HEAT SOURCE IS FREQUENTLY
CONVECTION.,

EMBERS ARE CARRIED INTO THE AIR BY THE

CONVECTION COLUMN. WHEN THEY FALL BACK INTO
FOREST FUELS A NEW FIRE MAY START. SPOTTING

IS MORE LIKELY FROM A FRACTURED OR SHEARED
CONVECTION COLUMN,

GRAVITY AND WIND MAY ALSO CAUSE SPOTTING BUT

A LARGE NUMBER OF SPOTS OR LONG DISTANCE
SPOTTING IS ALMOST ALWAYS THE RESULT OF
STRONG CONVECTION ACTION,

(Continuation Sheet)

12/65
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U. S. DEPARTMENT OF AGRICULTURE
Forest Service 6140

TINE TESSON OUTLINE AIDS € CUES
SPOTTING IS FREQUENTLY A MAJOR FACTOR IN FIRE

SPREAD.

SPOTTING MAY OCCUR SEVERAL MILES BEYOND THE MAIN
FIRE - THE 1960 DonNNER RipGe FIRE 1N CALIFORNIA
SPOTTED 4 MILES BEYOND THE MAIN FIRE - THE 1967
SunpANce FIRe IN IpAHo spoTTED 10 TO 12 MILES ,
BEYOND THE MAIN FIRE FRONT DURING ITS PEAK RUN, |

1143 LET'S REVIEW THE FOUR METHODS OF HEAT TRANSFER ﬁ
A. RADIATION _
B. CoNDucTION IVu - GrAPH #1

c. CoONVECTION
D. SPOTTING

THESE ARE IMPORTANT BECAUSE THEY MAINTAIN AND
SPREAD COMBUSTION.

1145 FUESTIONS. Sran e

R2-6100-5
(Continuation Sheet)
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INSTRUCTOR'S LESSON PLAN

SUBJECT: Fire Behavior INSTRUCTOR Jim Sykes
| TTTIE OF TESEON: : FILE TO;
Forést Fire Energy Yield __DATE: 3/16/71
LENGTH OF LESSON: 50 minutes NO. ASSISTANTS:
METHOD OF INSTRUCTION: Tecture - discussion - demonstration
PLACE Rocky Mountain Station - Conference Room
TRAINING AIDS: See last page

OBJECTIVE: [earn to recognize fire, weather, topographic situations
which can be expected To result 1n intense burning condlitions soO that
henceforth they will take necessary action to prevent personnel
entrapment LESSON OUTLINE KEY POINTS & AID CUES

INTRODUCTION

"Forest Fire Energy Yield"
Will use "Q" tech-

I. New knowledge input may be low - nique - stay awake
if don't want rude
emphasis on WHY of energy yield awakening

A. Will quickly review energy storage

B. Dwell at length on energy yield
1. From infinitesimally slow
2. To unbelievably fast

II. Two major categories of intense fires

A. Straight-running, high-wind-driven

1. Reasonably predictuble behévior
| 2. TFBO -"main jab is-assisting
wifhhfiféxﬁtfaﬁegy

injurious &

3 \FSO - mainly routine fire safelty inconvenient
& ' hazards

B. Erratic fire behavior - with or

without gradient wind

1. Convection columns, fire whirls,

highly unpredictable behavior



’_I‘ITLE OF LESSC._ Forest Fire Energy Vield .__ PAGE 2

“TIME

LESSON OUTLINE

25 FBO - Personnel prdtection fESpor

sibﬁglty may exceed just strategy recommenda-

tioné\ \ \ \E \

\
\ 3. FSO - Has hlé@ killer pgtentlal\

hlong wiﬁh injurious and inconvenient potentiah

'\

kII. What can we do to prevent, alter, control
pbr avoid high energy yield.
A. Definite limitations - but some posi-

tive action

B. Responsibilities, however, not only

Interesting
remain - positively increased demonstration
C. First 5 Standard: Orders have high
Fire Chief
pnergy yield situations as their genesis story - "More
hose

k2-6100-5z (10/6)

{



TITLE OF LESSO@) Forest Fire Energy Yield ® it
L TIME LESSON OUTLINE AIDS & CUES
DEVELOPMENT
I. Review of energy
(Go Fast)

A. Energy storage

Compounds () CO, & H,0

(61 I S A

Produce(?) Sugar, starch,
cellulose, lignin

6. By product(?) Op

8 Non-fire energy yleld or dissipation of
Jheat

A. Oxidation process called(?) decay

1. Cellulose + 02 =(?) CO2 + H20
2. Plus what(?) Energy

3. How much(?) Same it took to
combine compounds in first placc

B. Most energy, kinetic, chemical,
mechanical eventually produces heat

1. Chemical energy - our problem(?)
to maintain energy dissipation without heatb

accumulation

R2-61

1. Name of process(?) Photosynthesis
Energy Source(?) Sunshine-(heat)

Chemical Catalyst(?) Chlorophyll

Seeds of 1ts
own eventual
destruction -
by oxidation

(Fast)

Definite time

fire preventin

G0-5a (10/64)
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TIME

Forest Fire Energy Yield @ PAGE y

~ LESSON OUTLINE

AIDS & CUES

e

2. No heat build-up in Forest
normally without fire

C. Similar to G-forces of vehicular
impact

1. Given amount of kinetic energy
2. Stop in short time/space -

insurvivable ngs"

3.

survivable "Gs"

Stop over longer time/space -

hnother form of oxidation - rapid this time.

pbr dissipate given amount of stored energy.
A. Fuel moisture - WHY(?)
1. Wood must be dried before its
Flammable vapors can be distilled - WHY(?)
Heat going into steam production prior to

rompletely dry.

L 1b. wood(?) 8,600

R2-61

Fire ‘energy yield - accumulation of heat-

2. B.T.U.s to heat 1 1lb. water, 62°
bo 2127 (7)

3. B.T.U.s to vaporizec 1 1b. water(?)

4. B.T.U.s released in consumption gf

creen haystack -
spontaneous
combustion

Time/space
can again
affect

peveral factors affect time available to releaqe survivability

“ i
9% )

GO=-54 (10/60)
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LESSON OUTLINE

AIDS & CUES

5. B.T.U.s utilized in steam produc-
tion subtract from radiant energy available to
propagate fire chain reaction.

6. Result - wet fuel will either or
both -

a. Burn slower - more time to
control |

b. Burn cooler - allowlng more

direct attack - closer

B. Fuel arrangement (Volume/acre)

1. Scattered, unpiled burning
pieces do not irradiate each other as effec-
tively - total energy yleld largely dissipates
Wwith less mutual pre-heating
a. This is why we separate to
extinguish - with air or soil as non-flammable
energy absorber
2. Unpiled but close proximity
burning fuels -

a. Mutual pre-heating ncw HOW(?

in shorter time - so it gets hotter

b. Same total enzsrgy yield - but

13%

Water injection
of high per-
formance
aircralt engine

Yellowstone
fire front '46

Radiation heat
transfer
largely

Radiation &
conduction

4

R2-6100-5a (10/67)
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Forest Fire Energy Yield

PAGE 6

- TIME

LESSON OUTLINE

AIDS & CUES

moisture, arrangement and size

3. Piled - vertical arrangement -
"slope effect"
a. Even faster mutual pre-
heating - WHY(?)
b. Same total encrgy yield - bu
in short time - high heat build-up
C. Fuel Size
1. Flner the fuel - faster it burns

WHY (?)

a. More surface to absorb heat
energy

b. More surfuce exposed to
oxygen

2. Heavy fuel - same quantitative
energy yleld - (weight of wood products) but -
if alone - released over longer time - hence
less heat build-up

D. Fire intensity - combination of fucl
. plus
greater or lesser amounts of 0,

1. Wet, scattered, heavy fuel and
still air - can't make it burn

2. Dry, piled, light fuel and
windy - hard to stop if ignited

Radiation
conduction &
convection

Demo - burn
nail & "oo"
steel wool

~
Extremes
/

R2-6100-54 (10/68)
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Forest Firce Energy Yield

-TIME

TESSON OUTLINE

AIDS & CUES

3. High intensity fires have

significantly poorer cbmbustion effipiency

a. Actually burn cooler than
better combusted fuel - for samc volume of
wood PRACTICAL EFFECT?
fuel to provide more heat than can be handled
directly - anyﬁay.

4. Topography plays part - emphasiz
or neutralizes gradient winds and heat transfe
High intensity fires can go: up, down Or &cro
the slopes.

5. Extreme intensity - even beyond
free-burning convection column is CALLED(?)

(Fire storm)

IV. Intense energy yield - because of
extremély short burning time - near explosive
energy yield - fire whirl or "thermally driven
vortex"
A. 3 apparently essential conditions
and relative quiet air
1. "Fluid sink" - "Heat sink" -

brought about by convection columns

R2-6100-54

Really none - plenty of

“Dark smoke
cerbon particle

Red flame

Light smoke
yellow flame

W
wn

i
.

Fire whirl

Physically very
similar to dust
devlil and
tornado

Name the 3

Draw
Ject
vert.

or pro
- hor. &

(10/65)
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Foregst Fire Fnergy Vield

_TIME

LESSON OUTLINE

AIDS & CUES

a. Convection column - warm,
light, rising air must be compensated Dby
sinking cooler air in surrounding atmosphere.
2. M"Generating Eddy" - also brought
about by convection column and "heat sink"

- a. "Cell" of atmosphere in
shape of cylinder, slowly turning around
convection column

b. Revolves counter clockwlise -
probably due to "coriolis effect" - northern
hemisphere.

c. Very slow movement at first
but any circular movement at pepiphéry of big
"generating eddy" may still be quite a few

radians - or fps.

d. As more air is brought into
system or "gen. eddy" - circulation thickens
inward toward convection column - new alir
brought in at periphery

e. Inner parcels of air still
have same velocity (radians) but less horizonta

distance and so develop vertical cpmponent -

collectively induces spiraling effect.

Tiny "heat low'
system

Draw or project

Like coil
spring around
overload shock
absorber

Might be 50' tc
1500' gcross

Draw or project

fps./1.5 = mph

Draw or project

1
Illustrate

veloclity

vectors

R2-6100-5a (10/6%)
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Forest Fire Energy Yield

@ ru:

. TIME

LESSON OUTLINE

AIDS & CUES

f. "Generating eddy" eventually
contacts convectlon column - intense speeds of
both revolution and updraft create near explo-
sive burning conditions
3. 3rd essential - "Air friction"

drag to cause partial vacuum at ground other-
Lnd dissipate. Level ground helps this though
contradicts "Fire Weather" somewhat.
L, Fire vortex demonstration

5.
than convection column (from larger model)

1. Vertical speed vector - 28 mph

everyone must be alive to situatioq

R2-61

oy

Vortex energy yield many times greaté

ILike air being
pulled off an
airplane wing

wise it would have no anchor and would 1lift offcausing a stall

Sketech

Darken room

5e
Small compared
to 10-50 real
whirl

2. Horizontal speed vector - 20 mph
3. R.P.M. - 2500 mph 4o/sec. !
4. Temperature - 24000 (Same: fuel ac
demo . )
5. Vortex - 1-50' diameter
6. Generating eddy - approx. -
20 x Vortex diameter
V. Practical application of fire whirl knowl-
| FBO first!
edge - not often seen - when they do occur -

(0-5a (10/64)
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Forest Fire Energy Yield

~TIME

LESSON OUTLINE /

AIDS & CUES

A. FBO - in particular - watch for

spawning essentials

1. Unstable atmospherics - easier
convection column establishment - "fluid or
heat sink"

2. Generating eddy - harder to see
role of topography not completely understood.
(Fire Weather book states leeside of ridge -

protection from gradient winds.)

3, "Dust devils" roundabout fire

probably best tip off for fire whirl potentiall

B. Whirl apparent in formative stages
1. Slurry might break up convectio

column, gen. eddy if small.

2. Ground applied water might
break up convection column - hot spotting

3, Warn all affected personnel of

P .
Flats to mtns.

Sneaky point
whirl - sketch

Emphasi ze

FBO warning

n Plans -
strategy

Mgximum effort

if conditions

favorable

Those in
direct attack

potential intense erratic fire behavior: up,
down, or across the slopes
4, Prepare for long distance
spotting and only indirect attack
.
R2-61

(0-5a (10/6)
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Forest Fire Energy Yield

@ rocell

~TIME LESSON OUTLINE ATDS & CUES
SUMMARY
I. Well known factors of
A. Fuel.moisture
B. Fuel arrangement
Firefighting

C. Fuel size
D. Combine to affect fire intensity -

wind also factor - to erratic behavior

II. ILess known factors cause most of our
fire fatalities.to ground personnel

A. Don't/can't comprehend burning
intensity - speed or energy (heat) yield
B. Mere man no real match for fire

storm when he "paints himself into a corner"

Ref: "The Modeling of Fire Whirlwinds" by
Geo. M. Byram and Robert E. Martin -
December 1970 issue of Forest Science

safe enuf in
low & medium
intensity fires

High intensity
fires create

killer hazards
extremely fast

FBO that misses
indicators of
fire whirl
jeopardizes
lives - 1 know
I missed once
& we weren't
sure for a
while we hadn't
lost a crew 1in
the whirl!

R2-61060-54 (10/65)
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Training aids

Matches

1" 1

oo steel wool
tongs

whirl chamber
2 lids

steel plate

alcohol

2 easels with pads

black, green, red, orange, blue inks

small table
pointer

fire colors

R2-6100-5a (10/6%)
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INSTRUCTCR'S LIiSSON PLAN

CCURSE: Intermediate Fire Behavior PLACE: Fort Collins, Colorado

TITLE OF LESSON: Basic Weather =~ INSTRUCTOR: G. R.

LENGTH OF LESSON: Two hours

TRAINING AIDS: Overhead projector, slides and easel.

OBJECTIVES:

~ DATE: March 16-18, 1971

Miller

(1) To define basic weather conditions and discuss same,

(2) Clarify your current knowledge of Meteorclogy, (3) To under-
stand the effects of various weather elements, and (L) To stimulate
improved teamwork between you and the Fire Weather Meteorologist.

TIME

1L00

1405

|

Lesson Plan
Introduction ;
To most people, weather conditions often appear as
a bewildering hodgepodge of changing events that
have no systematic organization. Jeather IS com-
plicated. Several processes are in action simul-
taneously. But it is not so complicated that we
can not understand the primary factors that cause
basic weather events.

You are not expected to become a weather forecaster.
I am not a forester, but if each of us knows just a
little about the problems and ideas concerning the
other, we will both be in a much better position to
combat fire and extreme fire conditions. If you
have the attitude, "I am not a meteorclogist, there-
fore I can't (or won't) understand weather," forget
it. It involves you just as Forestry involves me.

Composition of Air

Alr 1s a mixture of several gases, mostly nitrogen
(78%), oxygen (21%) and other gases (1%). The gases
are not united chemically. The molecules of each
gas merely share the same space.

Water vapor is the name for the gaseous state of
liquid water. It is invisible, like most other gas-
es. Water vapor is ALWAYS part oi the mixture of
gases in air, as found in nature. w«hat is impor-
tant is the amount of water vipor. It is variable
because of the frequent chan;:e of state of water in
weather processes. Water vapor readily condenses
into liquid water, or freezes into solid ice.

In spite of impressive evidence of moisture in the
air, such as clouds, rain, snow, etc., water vapor
seldom occupies more than L% of any air space, even
if the relative humidity is 100%. Its average
would probably be less than 17. Water vapor is the
gas that has the most pronounced effect on the
weather.

| Key point or aid

‘View graph #1

AMCUNT of wa-
ter vapor is
important.

Readily con-
denses or
_freezes.

!Average a-
‘mount of wa-
ter vapor is
generally less
'than L4%.
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‘Concepts of Gaseous Pressure % Density
Pressure is defined as force (or push) per unit area.
'Pressure is the collective:impacts of molecules.
Imagine a room filled with flying ping-pong balls
(molecules). The more balls (greater density) the
more pressure. Alsc, the faster they are moving
(higher temperature) the more pressure. As you can
see, pressure depends partly on the density of a
'gas and partly on the temperature. Pressure and
idensity are not the same thingz. The density of a
|gas depends on the number of molecules in a given
|space, and the weight of these molecules.

1h10'Structure of the Atmosphere - Pressure

The atmosphere is held against the carth by the
force of gravity. Imagine the atmosphere as a
series of layers, one on top of the other. Each
layer of air is compressed by the weight of the lay-
ers above. The layer next to the ground is com-
'pressed the most. Atmospheric pressure decreases
with elevation, rapidly at first, then more slowly.
For instance at sea level the pressure is 1.7 1bs./
sq.inch or 1,013.2 millibars cr 29.92 inches of
mercury. At 18,000 feet, 7.3L 1bs./sq.inch or 506.0
millibars or 14.5k4 inches of mercury. At 50,000 ft
it is 1.68 1bs./sq.inch or 116.0 miiliocars or 3.L42
‘inches of mercury.

Structure of the Atmosphere - Temperature

The distribution of temperature with altitude is
highly variable, but we can divide the atmosphere
into number of real layers.

The layer from sea level up to about 36,000 feet
is called the troposphere. It is ciiaracterized by
'decreasing temperature with altitude, although
relatively shallow layers often show "inversions"
lor an increase in temperature with an increase in
lelevation. Nearly all of the water vapor in the
\atmosphere is contained in this lower layer. Also
there is considerable up and down motion of the air

1415 called turbulence.

Between 7 miles and around 50 miles we find the
stratosphere. It is sometime: diviled into a low-
er and an upper part. The boundary between the
Jlower stratosphere and the troposphere is called
‘the tropopause.

|

'La.tely meteorologists have detected areas of what

f

Key point or aid

Pressure depenis
on the density of
a gas and the
temperature.

Gravity holds air
to earth.

Pressure decreases
with increasing
elevation.

View graph #2

View graph #3

Lowest layer is
called troposphere.

View graph #4

Tropopause is the
boundary between
stratosphere and
troposphere.
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~ Lesson Plan
they term are "stratospheric warming". They are

only very little understood and their effect on the
weather is only speculation now.

The height of the tropopause varies around the
globe. It is lowest at the poles, whers it's alsc
the warmest and it is higher at the equatcr where
it is also the coldest.

Air Motion

AIr in motion, or wind, is involved in nearly ev-
ery fire control problem. There are many kinds of
wind. Some winds are local, and exist for only
short periods of time. Some winds create broad
scale patterns over large areas and persist for

| much longer periods of time.

Sveryone is acquainted with weather maps which may
show isobars, centers of high and low pressure and
storm fronts. The infcrmation comes from weather
observations made simultaneocusly in many places.
Broad scale air motion is revealed by the isobars
on a weather map. An isobar is a line of constant
pressure in the same sense that a contour line on a
topographic map is a line of ccnstant elevation.
The wind blows along or slightly across the isobars
Weather maps are evidence of the orgamnized nature
of air motion over the earth.

Air motion is caused by several factors:
1. Uneven heating and coolin:
2. Qravity
3. Rotation of the eartn
L. Pressure gradients
We will discuss each separately.

Uneven heating or cocling results from the spher-
ical shape of the earth, the seasonal inclination
of the sun, the rotation of tae earth, the variety
of surfaces on the earth and the aspect or slope
of the ground.

Difference of temperature, caused by uneven heat-
ing or cooling, is the initial cause of all air
motion. The short-lived difference:s in tempera-
ture produce wind types which are short-lived,
such as most local winds. Persistent or broad
scale differences in temperature produce wind types
which are persistent or broad scale. 3Such are the
major wind circulation areas over the earth.

! Xey point or aid

View graph #5

;View graph #6

'Isobar is a line
'of constant pres-
sure.

Use easel
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In equatorial regions the earth's surface re-
ceives more solar energy from the sun than it
radiates back to space, and tnerefore acts as a
heat source for the air in these re:ions. 1In
polar regions the earth's surface radiates more
energy intc space than it receives from the sun.
Since equatorial regions do nct get hotter and
hotter and polar regions do not get colder and
colder, there must be some net transport of heat
energy from equatorial to polar regions.

1430|Near the equator the warm air rises tc near the

1435

tropopause, reaches a level of same air density
and then spreads out and flows both north and
isouth. As it moves towards the poles it cools
'by radiation and sinks as its density increases.
'In the polar regions it descends and begins to
‘move toward the equator.

Meteorclogists know that the prccess is much more
g

complicated than this. In fact there are three

imain wind belts between the equator and the poles.
|These are the trade winds, the prevailing wester-

'lies and the polar easterlies. In between the
trade winds and the westerlies are the "horse"

and the polar easterlies is the polar front.

ense on the bottom and the least dense on
ithe top. The unevenly heated atmosphere is set
{in motion by the force of gravity to distribute
the cold, dense air at the bcttom and the warm,
less dense air at the top.

Rotation of the earth hinders the normal north
and south flow of air.
a current of air is turned to the right as it
moves forward.
the Coriolis force.
from any direction.

It acts similarly on wind

only.
the northern hemisphere.
tends to move in a true straizht line.
describe air motion with respect to tne ground,
moving air appears to turn clockwise, simply be-
cause the ground is turning counterclockwise.

latitudes and in between the prevailing westerlies

Gravity acts to arrange fluids in layers with the
‘most d

In the northern hemisphere

This "turning tendency" is called

Rotation is a type of motion which involves turning
Tre ground is rotating counterclockwise in
Because of inertia, wind
Because we

? Kéy'pbint or aid

| Equator is a source
of heat.

Polar regicns lose
heat.

Air risec near tae
equator and sinks
near the poles.

 Three main wind belts:
 Trade winds,
‘prevailing westerlies
‘and polar easterlies.

| In the northern hemi-
| sphere moving air is
f deflected tc tae

| right.

!
{
i

;View graph 4 7
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A pressure gradient is portrayed by isobars. Iso-
bars outline areas of relatively high or low pres-
' sure and show the rate of change in pressure from
one location to another. The pressure gradient is
oriented from high pressure to low pressure, at
right angles to the isobars. The concept is compa-
rable to downhill slope on a topographic map.

A pressure gradient tends to move air for an obvi-
lous reason. How it develops in the first place is
not so obvious. The development of pressure grad-
'ients accompanies the formation of a low pressure
{area.

Humidity and its Measurement
Humidity refers to the water vapor content of the

atmosphere. The primary source of water vzpor for
ithe atmosphere is the ocean. The capacity of the
air to hold moisture is directly proportional to
its temperature. The capacity of the air to hold
water in vapor form is approximately doubled for
every 20° F increase in temperature. When air con-
tains its maximum amount of water vapor, it is sat-
urated. When it contains less than its maximum it
is unsaturated.

Relative Humidity is a ratio of the amount of wa-
ter vapor in the air compared to the amount it
would have if it were saturated. Let us assume
that we have a closed vessel with dry air. Some=-
what fictitious since we earlier said there is

no such "animal" as completely dry air. But for
this purpose, let's assume this. If we set a pan
of water in the bottom of the vessel, evaporation
begins immediately. After a period of time the
air above the water might become one-quarter sat-
urated, and we waid say that the relative humidity
was 25%. In other words the relative humidity is
the quantity of water vapor expresssd as a percent
of the quantity required for saturation at that
temperature. As evaporation continues in the
closed vessel, the relative humidity rises until
it beccmes 1003. Further evaporation will not in-
crease the relative humidity. The excess water
vapor condenses into water droplets.

The dewpoint temperature is the temperature to
which air must be ccoled in order for saturation

| Key point or aid

Use easel

Humidity refers to
amount of water va-
por in the air.

View graph #8

Saturated air has a
huridity of 100%.

Relative humidity

is a ratio of amocunt
present to amount
possible.
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to occur. Let us imagine air of 60° F and 50% rel-
ative humidity. If this air is cooled and the ac-
tual meisture content remains the same, the air
would be able to hold less mcisture so that the
relative humidity would increase. If this process
would continue, then saturation would be reached.
This is the dewpoint temperature. If the air is
cooled further, both temperature and dewpoint would
decrease equally, condensation would take place,
and the air would still remain saturated.

Fluctuation of relative humidity due to changes in
temperature should not leave one with the impressim
that the water vapor content of the atmosphere also
fluctuates in the same manner. Changes in water
vapor content may be brought z2bout by the advection
of more or less moist masses of air. Evaporation
from water surfaces adds to the moisture, whereas
condensation and precipitaticn remove moisture from
the air. Vertical currents cun likewise cause a
redistribution of the moisture content in various
layers of the atmosphere.

The psychrometer consists of a wet bulb and a dry

bulb thermometer mounted side by side. The wet
bulb has a moist wick around its bulb. The psy-
chrometer is ventilated and if the air is not sat-

jurated, water will evaporate from the wicking.

This will cool the wet bulb and lower the wet bulb
temperature. The wet bulb terperature is defined

.as the temperature that air assumes by the evapor-
‘ation of water into it. Only in isolated cases,
jother than at saturation, is it the same as the
dewpoint temperature. The difference between the
dry bulb temperature and the wet bulb temperature
is called the wet bulb depression.

The drier the air the faster evaporation will oc-
cur fram the moist wick. On the other hand, if the
relative humidity of the air is 1004, then no evap-
oration will occur. Then, the dry blub, wet bulb,
and dewpoint temperatures are identical. Psychro-
metric tables have been prepared for use with the
psychrometer to determine the relative humidity
from the wet and dry bulb readings.

Other instruments such as a hygrograph, which mea-
sures humidity and hygrothermograph, which measres
both temperature and humidity are used.

¢
|

Kej point or aid

View graph #S

Wet bulb temperature
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Lesson Plan

Airmasses

An ailrmass is defined as a widespread body of air
that is approximately homogencous in its horizontal
extent, partiailarly with respect to temperature
and moisture. In addition the variation of temper-
ature and moisture in the vertical is approximately
the same in all parts of the aimmass.

The surface of the earth has a strong effect on the
atmosphere in the processes of warring and cooling,
or wetting and drying. However, these processes
tend to proceed rather slowly. A source region is
|an extensive area of the earth's surface over which
‘bodies of air remain for a sufficient period of
time to acquire the characteristic temperature and
moisture properties imparted by that surface. Once
these properties are obtained, they are retained
for some length of time. Portions of the atmosphere
become identifiable as a distinct airmass.

Airmasses are classified first according to the
prevailing temperature in their scurce regions:
Tropical (T) Polar (P) Arctic or Antarctic (A).
To describe the distribution of moisture, the saurce
regions are distinguished as: ;
Continental (c) Maritime (nm).
The most common airmasses in North America are mT,
mP, cP, and cA. Continental tropical, ¢T, and mar-
itime arctic, mA, are less ccmmon.

A special designation is sametimes added to assist
in describing the turbulence or lack of turbulence
in the surface layer of an airmass moving across a
new area after leaving its source region. If air
moves over a relatively cold surface, tending to
chill the lowest layer, the subscript "w" is added.
If air moves over a relatively warm surface, tend-
ing to heat the lowest layer, tae subscript "k" is
added. This means that the air is warmer (w) or
colder (k) than the surface over which it is moving

For example, mT air moving up the Mississippi Val-
ley in winter becomes mTw and cA air moving south-
ward down the Mississippi Valley in Winter becomes
cAk.

An airmass assumes the character of its enviroment
either by stagnating over a particular area or by
moving for a long period of time over a large area

Key point or aid

Airmass: body of
air with same pro-
perties horizontally
and vertically.

View graph # 10

|Source regions are
iprimarily oceans,
polar regions and
3continenta1 regions.

Air masses classi=-
fied according to
source regions.

!

View graph #11
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Time Lesson Plan
of uniform conditions such as an ocean. The time re-
Quired to reach typical identity is from 2 to 1C
days. As it moves to another area beyond its source
region, the airmass undergoes modification and
changes gradually into another airmass. New condi-
tions will change the temperature .and moisture, not
only in the lower layers, but alsc throughout the
vertical extent of the airmass.

Key poIH% or aid

About 2 to 10 days
is required for an
air mass to reach
homogeneity. Air-
masses are modified
as they move from
i their source region.

\In the day to day work of following airmasses, which

‘move over the face of the earthn, any system of la-
‘bels becomes rather complex. Waritime polar air be-
‘comes drier over land and chanzes into continental
'polar air. Continental polar air moves over a warm
ocean and becomes maritime polar air.

In recent years upper air soundings have been made
at more and more locations and at 12-hour intervals.
Accurate numerical values are obtained for temper-
‘ature, moisture and stability at many points within
'each airmass. This extensive supply of s ecific
data renders less necessary the descriptive labels
for the airmass. Graphs which describe the indi-
vidual characteristics of the atmosphere over a sta-
tion are prepared on adiabatic charts.

Fronts

The boundary zone between airmasses of different
characteristics is call a front. If the contrasts
are small or the transition zone rather wide, the
front is weak or diffuse and is associated with
little or no weather activity. If the contrasts
are large or the transition zone rather narrow, the
front is strong and is usually associated with con-
siderable weather activity. Since airmasses dis-
play fairly uniform characteristics inside their
boundaries, it follows that fronts must be zones
where transition is concentrated. Although several
air mass characteristics change across a front, the
basic structure of the front depends on the transi-
tion in temperature. If the new airmass arriving
at a location is colder than the previous airmass,
the transition zone is called a cold front. If the
new airmass is warmer than the previous one, the
transition zone is called a warm front.

1545

Fronts are distinct only in the lower portions of
the atmosphere. They are formed in what meteorol-
ogists call troughs of low pressure. In the North-

N

A front is the bound-

‘ary between two dif-
| ferent air masses

View graph #12

Warm front and cold
front defined.

!View graph #13

1



PAge 9

Time

1600

1615
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ern Hemisphere winds shift in a clockwise direc-
tion with the passage of a front. There are
sane variations with this rule, however. Along
the west coast of the United States winds will
sometimes shift in a counterclockwise direction
with the passage of a "sea breeze" front. Also,
when winds are light, they may appear to shift in
| a counterclockwise direction with the passage of

!a front due to eddies or the weakness of the front.

'The vertical structure of fronts is helpful in un-

| derstanding weather phenomena associited with them.
A cold front is an advancing wedge of colder air.
The warm air is pushed back cr is forced upward.
Gravity is trying to arrange the cold air on the
bottom layer and the warm air on the top layer. The
position of the cold front on the sea level map is
the intersection of the slopinz ccld frontal surface
with the earth's surface. As the ccld air moves, so
must the cold front move. A warm front surface sim-
ilarly slopes upward over the colder air, but as the
warm air advances, it is free to overrun the cclder
air. The colder air cannot be forced upwards, and
it is pushed backward less easily. Hence, cold
fronts move more rapidly than warm f'ronts, usually.

"Dry" cold fronts often cause very severe fire wea-
ther. They are termed "dry" because of the lack of
or sparsity of moisture associated with them. There
is usually a definite wind shift as they pass.
have been the cause of a number of fire "blow-ups".
Cold fronts tend to be drier farther away from the
low-pressure center with which they are associated.
|Their mention in weather forecasts should not be
‘taken lightly. They are dangerous.

‘We have mentioned that a cold front generally moves
ifaster than a warm front. In most cases it will
‘eventually "catch up" with the warm front. The
iresult is an occluded front. Satellite photos are
Ebeginning to reveal some interesting things about
fronts. One of these is that the occlusion process
may be instantaneous as a surface "wave" is over-
jtaken by a trough of low pressure aioft.

iIn general the faster a front is moving, the stronger

it will be. Fire control people shculd be more con-
lcerned with cold fronts than warm fronts.

| Key point or aid

In general, winds
will shift in a
clockwise direction
with the passage of
a front.

Cold fronts push
warm air ahead of
them aloft.

warmsr air as it
ladvances is forced
‘aloft over the ccld
iair.

EDry cold fronts

They |

Occluded fronts

View graph #14
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You have just been given scme of the basics of
weather. There are only a few "hard, fast" rules
that can be applied. Weather has macro-variations
on the broad scale or large scale to micro-varia-
tions on the very small scale.

Some excellent textbooks have been written on wea-
ther, particularly concerning fire weather. "AG-
RICULTURE HANDBOOK 360, Fire Weather, is an excep-
tionally good one. Another fine one is AVIATION
WEATHER, printed jointly by the Federal Aviation
Agency and the Department of Commerce. If the an-
swer can not be found here for your question, your

fire weather meteorologist should be consulted. If

he can not help you -~ pray!!

Key point or aid

|
|
|

Useful textbooks
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2. 'THE ATMOSPHERIC GAS THAT HAS THE MOST PRONOUNCED EFFECT ON THE

WEATHER IS:
A, OXYGEN
B. OZONE

C. NITROGEN

D. WATER VAPOR
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3. IN THE NORTHERN HEMISPHERE THE WIND BLOWS:
A. COUNTER-CLOCKWISE AROUND HIGHS AND CLOCKWISE AROUND LOWS.
B. CLOCKWISE AROUND HIGHS AND COUNTER-CLOCKWISE AROUND LOWS.
C. CLOCKWISE AROUND BOTH HIGHS AND LOWS.

D. (A) IN SUMMER AND (B) IN WINTER.
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INSTRUCTOR'S LESSON PLAN
COURSE: Intermediate Fire Behavior PLACE: Fort Collins, Colorado

INSTRUCTOR: G. R. Miller ___ DATE: March 16-18, 1971
$ & Vertical Motion

GTH _OF :
TRAINING AIDS: Overhead projector, easel and response cards
OBJECTIVES: To provide a basis for understanding both broadscale and
localwrtical air motion and to prepare for the application of
this knowledge to fire control activities.

Time Lesson Plan Key point or aid
o900 | The normal flow of air in the atmosphere tends to be
horizontal. If this flow is disturbed, a stable at-
mosphere will resist any upward or downward dis-
placement and will tend to return quickly to a nor-
mal horizontal flow. An unstable atmosphere, on the

other hand, will allow these upward and downward Greatest example of
disturbances to grow. The clearest example of such | an unstable atmo-
an unstatle development in the atmcsphere is the sphere is a thunder-

thunderstorm which grows as a result of a large and | storm.
intensive vertical movement of air.

Atmospheric resistance to vertical motion, called
"stability", depends upon the vertical distribution
of the air's weight at any particular time. The
weight of air depends upon its temperature. At a
given pressure warm air is lighter than cold air. Warm air rises and
The term warm and cold in this instance is relative. | cold air sinks.
For example the warm air may be 95 degrees while the
"cold" air may be 85 degrees. If a parcel of air is
| warmer than its surroundings, it is forced to rise.
A balloon filled with air at room temperature will

- not rise if released. However, if it is filled with
air that is warmer it will rise and conversely, if
it is filled with air that is colder, it will fall.
In both cases the parcel of air is said to be "un=-
stable" since it moves upward or downward when re-
leased. In the same manner that the balloon with
warm air rises, the air which is heated near the
ground on a hot summer day will also rise. The
speed and vertical extent of the rising air will
depend on the temperature difference between the
rising air and its surroundings. The air will rise
as long as it remains warmer tnan the surrounding
air. :

Lapse Rates

o¢s2 | The term "lapse rate" is used frequently in the use
and study of the stability of the air. What does Lapse rate is a rate
the term actually mean? Lapse rate means a rate of |of change
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change and in this case it means the rate of change
of temperature with height, usually expressed in the
number of degrees per thousand feet. There are four
different kinds of lapse rates. (1) Dry adiabatic
lapse rate, (2) Moist adiabatic lapse rate, (3) Dew-
point lapse rate, and (L) the actual temperature
lapse rate.

i When discussing lapse rates, air that has not reach-

ed the saturation point is said to be "dry" or "un-
saturated". The degree of saturation of the air is
expressed by the relative humidity. If the relative

| humidity is 70f then this means that 70 percent of

the moisture necessary for saturation is present.
Note that the termm "dry™ refers to any air that is
not campletely saturated.

Dry Adiabatic Lapse Rate

en unsaturated air rises, its temperature de-
creases at the rate of 5% degrees per thousand feet,
regardless of what is causing che air to rise. If
the air is rising due to heating from below or if
it is forced up over a mountain by the wind flow, as
long as the air is unsaturated it will cool at the
constant rate of 5% degrees per thousand feet. This
is know as the dry adiabatic lapse rate. The word
"adiabatic" means that the temperature change takes
place without any addition or loss of heat from the
air. The temperature decreases because the air ex-
pands and the heat within the parcel is used to ex-
pand the gas, causing a drop in temperature. If the
air is forced to descend for any reason the temper-
ature of the air will warm at the rate of %% degrees
pee thousand feet for the same reason.

Moist Adiabatic Lapse Rate
We have mentioned Eﬁaf the amount of water vapor

that a given volume of air can hold is determined
by its temperature and that warm air can hold more
water vapor than cold air. It follows, then, that
we can take a volume of air with a given tempera-
ture and by cooling the air, we can reduce the
amount of water vapor that it can hold. If we con-
tinue to cool the air we will reach a point where
the water vapor capacity of the volume of air is the
same as the actual water vapor present in the air.
The temperature at this point is called the satur-
ation temperature or dewpoint temperature.

Key point or aid

View graph

Kinds of lapse rates

Dry air is air that
is unsaturated.

Dry adiabatic lapse
rate. 5% degrees
per thousand feet.

Moist adiabatic
lapse rate
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When water vapor is formed from evaporation of 1li-
quid water it requires a certain amount of heat,
whether this is done by placing a pan of water on a
stove or whether the evaporation took place at the
ocean surface. When this water vapor is condensed
back into a liquid the amount of hzat that was re-

quired for evaporation is released. When we cool air

beyond its saturation point and liquid water is con-
densed out, this latent heat of condensation is re-
leased to the air and raises the temperature of the
air.

As mentioned a parcel of dry air when lifted cools
at 5% degrees per ‘thousand feet until it becomes
saturated. As we continue to 1ift the parcel above
the saturation level it would continue to cool at
the dry adiabatic rate if it were not for the heat
released by the condensation of liquid water caused
by cooling the parcel beyond the saturation temper-
ature. The addition of this heat makes the air cool
at a lesser rate than the dry adiabatic rate. This
lesser rate is called the moist adiabatic lapse rate
and varies from 2 to 5 degrees per 1000 feet. This
cooling rate is not constant because the amount of
heat added to the air through condensation is not
constant. We mentioned that warm air contains more
moisture than cold air. Note, however, that the
moist adiabatic lapse rate is not really an adiaba-
tic process since we are adding heat to the parcel.

Dewpoint lapse rate

The dew point temperature of a parcel of air also
changes as the air rises or descends. This lapse
rate is about 1 degree per thousand feet and is
constant for all altitudes. This lapse rate does
not contribute directly to the stability of the air
but we use it to determine the point where the air
will become saturated. If unsaturated air cools at
%% degrees per thousand feet as it rises, and the
dewpoint cools at 1 degree per thousand feet, it is
obvious that the two temperatures will converge and
meet at some point above. This point is known as
the condensation level. Above this level the temp-
erature and dewpoint temperature are always or very
nearly the same. Meteoroclogists use the above con-
cept to determine the height of cumulus clouds.

Actual Lapse rate

Keep in mind that the above lapse rates are process
lapse rates. They only occur when we force the air
to ascend or descendl. We are concerned with the

3

Key point or aid

Condensation releases
heat intc the air

Moist adiabatic
lapse rate is 2 to
5 degrees per
thousand feet

Dew point lapse rate
or mixing ratio.

Lifting condensation
level.

View graph
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actual rate of temperature change that exists in the
atmosphere at a given time and place. This lapse
rate is measured with instruments that ascerd with a
balloon to an altitude of about 100,000 feet. While
ascending, the instrument radios continuous informa-
tion to a ground station or. temperature, pressuread
relative humidity. During this time other equipment
is also measuring wind speed and direction for vari-
ous levels of the atmosphere through which the bal-
loon is passing. This actual or observed lapse rate
varies widely. The temperature generally decreases
with elevation, but at times the air may actually
become warmer as the elevation increases. This con-
dition is known as an inversion.

The stability of the air depends on whether it is

saturated or unsaturated:
(1) If the observed lapse rate is greater than
(slopes more to the left) the dry adiabatic, then
the air is said to be absolutely unstable.
(2) If the observed lapse rate is less than the
moist adiabatic lapse rate (slopes less to the
left) then the air is said to be absolutely sta-
ble.
(37 If the observed lapse rate lies between the
dry adiabatic and the moist adiabatic rates, then
the air is said to be conditionally unstable.
This simply means that as long as the air remains
unsaturated it is stable, but if it is lifted to
the point where it becomes saturated, it then be-
cames unstable. =

ricrogp/ s 9prs ) adia-
rafe bafre rate
&
o

>
ab solute/
tnd

§1 0 8.

\5 .ﬁ;z’:a rate /"}\\

3 5 o
b ofcite ™

' a:;;i%i;é“J, N

Temperaditre ——>

1 Key point or aid

! Radiosondes measure
actual or observed
lapse rates.

Inversion defined

Absolutely unstable,
absolutely stable
and conditionally
stable or unstable

View graph
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Note that statements (1) and (2) define a condi-
tion where no work is done on the parcel. The air
is stable or unstable without any outside influence.
Statement (3) describes a condition that may be
stable or unstable but some work must be done on the
air to cause a change. The air may be lifted by
mechanical means (forced over a mountain) or the air
near the surface may be heated and caused to rise
(work being done by bouyancy forces). Observed
lapse rates often fall into this category.

Let's use these lapse rates and processes to show
why warm air is a common occurrence along the east
slopes of the Rocky Mountains. Let's follow a par-
cel of air from Grand Junction to Denver along a
moderate to strong southwesterly wind. (See figure
next page.) The air is at an elevation of 5300 feet
above sea level as it passes Grand Junction (point
A). At this point its temperature is 70 degrees F,
dewpoint 51 degrees F and relative humidity 50%. As
the air is forced up the west slopes of the mountais
it begins to cool at the dry adiabatic rate (5%° F
per thousand feet) until it reaches 9300 feet where
the air becames saturated (point B). 'The tempera-
ture and the dewpoint are about L8 degrees F and the
relative humidity is 100%. As the air continues to
rise up the slopes it cools at the moist rate (about
2 degrees F per thousand feet) and since its water
vapor capacity continues to decrease, the excess va-
por 'is condensing out in ligquid form. As the air
parcel reaches the crest of the divide (point C) it
has attained an altitude of about 13,000 feet and at
this point its temperature is 37 degrees F, dewpoint
is 37 degrees and the relative humidity is 100%.
As the air begins to descend the east slopes of the
mountains it warms at the dry adiabatic rate be-
cause as it descends, its temperature increases, and
because of the increase in temperature it is no lag-
er saturated. As the parcel continues to descend it
warms at the rate of 5% degrees per thousand feet
until it reaches the Denver area (point D) at an
elevation of 5300 feet, or approximately the same
elevation as it began its journey. Its temperature
at this point is 81 degrees F, dewpoint is L4 de-
grees F and the relative humidity is 268. Note that
the temperature has increased 11 degrees and the
relative humidity has decreased 24% during its jour-
ney over the mountains. The increase in temperature
is the result of the heat that was added to the par-
cel of air due to the condensation of water vapor
into liquid water droplets as the air ascended be-
tween 9,300 feet and 13,000 feet. If the parcel had

Key point or aid

Most lapse rates
(observed) are
conditionally un-
stable.
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never reached saturation its temperature would have
been the same at Denver as it was when it passed
over Grand Junction. The decrease in relative hum-
idity is partially due to the increise in tempera-
ture and partially to the loss of water vapor dur-
ing the condensation process.

If we consider the wind speed along with the condi-
tion described abcve we have the well know "Chinook™
conditions that we experience during the winter and
spring months along the east slopes of the Rockies.

Key point or aid

Chinook winds
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QDURSE: Intermediate Fire Behavior PLACE: Fort Collins, Colorado
DATE: March 16-18, 1971
SUBJECT: Fire Weather Forecasts JINSTRUCTOR: G. R. Miller

TRAINING AIDS: View graph, easel and response cards.

OBJECTIVES: (1) to improve skill in the interpretation of forecasts,
(2) to encourage regular systematic use of fire weather forecasts

and (3) maintain harmonious relationship with you and the fire

weather forecaster.

s

0900

0905

0910

LESSON PLAN

The National Weather Service of the National Oceanic
and Atmospheric Administration (NOAA) is responsible
for providing forecasts of fire weather to Federal and
State people in charge of protecting our forests and
rangelands from the devastations of fire. Within the
National Weather Service, Fire Weather Meteorologists
are specifically assigned this duty.

Throughout Region II of the Forest Service there are
six offices of the National Weather Service that are
assigned fire weather forecasting responsibilities.
These include Denver, which is also a Coordination
Center, Cheyenne, Sheridan and Lander, Wyoming and
Rapid City, South Dakotaj North Platte, Neb.4 fire wea-
ther meteorologist has been directly assigned to the
station or local station personnel have the respon-
sibilities.

Regular fire weather forecasts or presuppression fore-
casts are made daily at the above cITices starting in
Spring and ending in the fall when danger is reduced
due to snowfall. Depending on local requirements and
station personnel, these presuppression forecasts are
issued in the afternoon between 2 and 4:30 PM. In
addition to the presuppression forecasts, fire wea-
ther meteorologists issue special forecasts and warn-
ings. Special forecasts are forecasts for controlled
burns, "going" fires, special spraying projects, etc.
Fire Weather Special Forecast Request form or WB Form

Key point or aid

Responsibility of
offices assigned
fire weather duties.

Fire Weather offices
in Region II of the
USFS.

Types of fire wea-
ther forecasts.

View graph

Special forecast

653-1 should be used as a guide when a Forester re- requests. WB form
quests a special forecast. There is same pertinent |653-1. Essential
information that should accompany the special forecast |items.

request. This information would include LOCATICHN,
DRAINAGE NAME, EXPOSURE, SIZE, ELEVATION, FUEL TYPE
and if fire is ON THE GROUND CR CRCWNING. Any inclu-
sion of observations, needless to say, is very help-
ful. These forms can be obtained from your local fire
weather meteorologist.
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A warning is issued when the forecast weather is ex-
pec result in a marked increase to high or ex-
treme fire danger. Fire control agencies should de-
fine the conditions under which they want these head-
ings added to the forecasts. In sume areas these
warnings are termed "Red Flag Alerts".

Presuppression forecasts issued by fire weather of-
fices vary from station to station somewhat. That is
the format may be different. The items forecast are
the same. They include:
(1) Sky cover, fog and visibility. The amount and
time of beginning and/or change of each element.
(2) Temperature. Maximum (minimum for nighttime
periods). In some areas a forecast change is add-
ed to the temperature, such as, "Temp up 6".
(3) Relative Humidity. Minimum (maximum for night
time periods). In some areas a forecast change in
humidity is added to the humidity as it is for
temperature, such as, "Humidity down 10".
(4) Wind. Direction and speed of the wind during
the most hazardous part of the day, or at other
times as specified in the forecasts. Maximum guss
erratic surface winds, updrafts, or windshifts ex-
pected with thunderstorms, swelling cumulus, cold
front passages, or other instability-producing
phenamena should always be mentioned.
(5) Precipitation. Type, amount, if feasible, ex-
tent and time of occurrence of all precipitation
should be included. Precipitation is generally
expressed as a point probability of occurrence.
(6) L&ghtning_g; Thunderstorms. Probability, ex-
tent and time of occurrence. This is the percent
of area subject to lightning rather than the area
affected by a single stroke. This simply means
that with a given thunderstomm the area subject
to lightning is the area covered by the thunder-
storm.

These are the items mentioned in presuppression fore-
casts. As mentioned, they may vary from local to
local. Any differences are usually so designated in
the local fire weather Cperating Plan.

A Fire Weather Map Discussion is issued in the morn-
ing and the afternoon by the fire weather office in

Denver. This is a synopsis of meteorological factors
that will be effecting the forecast areas of Colorado

Key point or aid

Warnings

Items forecast

View graph

Fire Weather Map
Discussion
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and Wyoming. It is not a forecast. It may contain
technical terms since it is for digest of the fire
weather forecasters at Lander, Cheyenne and Sheridan.
Pertinent items having to do with fire control will
be mentioned in the main fire weather forecast which
is issued at a later time.

Meteorology is not an exact science. It will be same
years yet before it is. Thus, forecasts will at
times not turn out as expected. What should you do
in this case? It is easy to criticize and camplain,
but in the meantime you are doing a disservice to you
and your meteorologist. He may have no knowledge
that his forecast is "way out in left field" while
the ball game is being played in right field!! You
should inform him that weather elements have not de-

- veloped as expected. Unless he is an arrogant, can-

tankerous and recalcitrant old clod, he will be very
grateful for your information. He will issue an
amendment or revision.

Large project fires are dependent upon localized
weather information for their control. Available in
the Western Region of the National Weather Service
are Fire Weather Mobile Stations. These are exactly
what the term suggests. A fire weather meteorologist
is dispatched to the scene of the fire in order to
give the Fire Boss timely forecasts of localized wea-
ther conditions. The closest ones available to Re-
gion II of the USFS are at Salt Lake City, Utah; Boi-
se, Idaho; Missoula and Billings, Montana. When it
is deemed that a fire will reach "major" proportions,
a Fire Weather Mobile Station should be ordered.

This will be done through your local fire weather
meteorologist. i

The importance of these units can not be stressed
enough; Jjust ask those fire control people who have
been in contact with them.

Occasionally you will need forecasts that cover a
longer period of time than the normal 24 to 36-hr
presuppression forecast. The National Weather Ser-
vice can, with some degree of accuracy, predict the
weather five days in advance. This is dependent on
the type of weather regime currently being experi-
enced. These five-day forecasts are disseminated
every afternoon on the Colorado and Wyoming teletype
circuit. They can be obtained from the local SO
(Supervisor's Office).

Key Point or aid

Handling of bad
forecasts.

Fire Weather Mobile
Stations

Long range forecasts
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Fire Weather forecasts are only as good as the ob-
servations upon which they are based. You, as a fire
control individual should see that the fire danger
stations on your district are accurately and to the
best of their knowledge, reporting the weather. If
you note discrepancies, you should try to alleviate
them or ask your fire weather meteorologist for as-
sistance.

Fire weather meteorclogists amass a great deal of in-
formation and digest many facts before arriving at a
forecast of pending weather events. I would not try
to "second-guess" the fire weather forecasts you re-
ceive. You will be right occasionally, but more often
you will be wrong. A fire weather forecast is the
best product that a meteorologist can put together
for future events. He has spent many hours making
it. Learn how to use to the best of your ability.

Key Point or aid



L S o gy or comers
(PRES. BY FIRE WEATHER SPECIAL FORECAST REQUEST

WEBM 111-B-40) (See reverse for instructions)

| - REQUESTING AGENCY WILL FURNISH:

1. NAME OF FIRE OR OTHER PROJECT . 2. CONTROL AGENCY 3 REQUEST MADE
TIME # CATE
4, LOCATION (By 1/4 Sec = Sec - Twp - Range) 5. DRAINAGE NAME 6. Eépo‘st.gns (NE, E,
» BIC.
7. SIZE OF PROJECT (Acres)* |8, ELEVATION® 9. FUEL TYPE 10. PROJECT ON:
TOP BOTTOM D GROUND
[ crowNiNG
11. WEATHER CONDITIONS AT PROJECT OR FROM NEARBY STATIONS (See example on reverse)
i ELE- os WIND TEMP. t (Lv. Blank) e jlRE‘gJM;Ks‘. ;
- cate rain, understorms, etc.
VATION | TiNE9 J0IR-VEL- | sy Juxr] an] “ow _Aleo Sind condition end 10the of cloud cover.)
PLACE VIA ATTN: (Name, if applicable)

12, SEND FORECAST TO:

Il - FIRE WEATHER FORECASTER WILL FURNISH:

13. FORECAST AND OUTLOOK TIME # AND DATE:

NAME OF FIRE WEATHER FORECASTER FIRE WEATHER OFFICE

11l - REQUESTING AGENCY WILL COMPLETE UPON RECEIPT OF FORECAST

TIME # DATE NAME
IV. FORECAST RECEIVED: i

# Use 24-hour clock to indicate time. Example: 10:15 p.m. =2215; 10-15 a.m. = 1015.

* For concentrations (as groups of lightning fires) specify '*Concentration’; then give number of fires and size
of largest, If concentrations are in more than one drainage, request special forecast for each drainage.

t No entry necessary. To be computed by the Fire Weather Forecaster,

Explonation
of
symbols:

WB FORM 653-1 (11-63) uscomMm=WB-DC



INSTRUCTIONS

I - Fire Control and other Project Personnel:

1. Complete all items in Section I each time a special forecast is desired.

a. Example of Weather Conditions:

P ELE- oB WIND TEMP. |t(Lv. Blank) ;
VATION TIME DIR.-VEL. ory Iwerl ru B REMARKS
. Scattered clouds, 2/10ths Cumulus., Thunderstorm ended
Bt “0ey! kxed NV 16 B3 62 2 houss ago. I’in'd gusty, direction varics from NW to N.

2, Transmit in numerical sequence to the appropriate Fire Weather Office. (The Fire Weather Forecaster will
complete the special forecast as quickly as possible and transmit the forecast and outlook to you by the
method requested.)

3. Upon receipt of special forecast, complete Sections 1I and III.

4, Retain completed copy of form for your records.

5. Should conditions occur that are not correctly forecast, notify the Fire Weather Forecaster by phone or radio.
Il. ALL RELAY POINTS should use this form to ensure completeness of data and completeness of the forecast. A

supply of the form should be kept by each dispatcher and all others who may be relaying requests for forecast

or who may be relaying the forecast.

I1l. Forms are available from your local Weather Bureau Fire Weather Office. They may also be réproduced by forest
or range agencies as needed, entering the phone number and radio identification, if desired.

IV. Fire Weather Forecasters:

1. Copy information received on this form.

2. Complete special forecast as quickly as possible and return forecast and outlook by the method requested.
3. Supply pertinent radar scope information whenever possible, indicating time of radar report.
4, Complete **RH/DP*’ columns in Item eleven.

5. Retain copy for record purposes.

WB FORM 663=1 (11-63) INSTRUC TIONS J UsCoMM-WB-DC
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o @ oo o lugyr or comess
(PRES. BY FIRE WEATHER SPECIAL FORECAST REQUEST

NEM LB (See reverse for instructions) i

| - REQUESTING AGENCY WILL FURNISH:

1. NAME OF FIRE OR OTHER PROJECT 2, CONTROL AGENCY 3. REQUEST MADE
TIME # A DATE
4, LOCATION (By 1/4 Sec - Sec - Twp - Range) 5. DRAINAGE NAME 6. EXPOSURE (NE, E,
———y A St - A TN §El H
7. SIZE OF PROJECT (Acres)* |8, N* 9. FUEL TYPE 19, ERQIECT ON:
L R )
TOoP BOTTOM [(C] srouno
[C] crowNING
11, WEATHER CONDITIONS AT PROJECT OR FROM NEARBY STATIONS (See example on reverse)
g ELE- oB WIND TEMP. { (Lv. Blank) i ,REEAF‘:‘KS' h
ke E - ndicate rain, thunderstorms, elc.
VATION | TIME# |DIR.-VEL. DRY |[WET| RH DP Also ;E'fnd' ctmdlrlm; and 10ths of cloud cover.)
PLACE VIA ATTN: (Name, if applicable)
12, SEND FORECAST TO:

Il - FIRE WEATHER FORECASTER WILL FURNISH:

13. FORECAST AND OUTLOOK TIME # AND DATE:

NAME OF FIRE WEATHER FORECASTER FIRE WEATHEROFFICE

Iil « REQUESTING AGENCY WILL COMPLETE UPON RECEIPT OF FORECAST

TIME # DATE NAME
IV. FORECAST RECEIVED:

# Use 24-hour clock to indicate time. Example: 10:15 p.m. =2215; 10-15 a.m. = 1015.

* For concentrations (as groups of lightning fires) spec.fy *‘Concentration'’; then give number of fires and size
of largest. If concentrations are in more than one drainage, request special forecast for each drainage.

t No entry necessary. To be computed by the Fire Weather Forecaster,

Explanation
of

symbols:

WEB FORM 6353=1 (11-63) uUscoMmMm*WB-DC
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INSTRUCTIONS

I - Fire Control and other Project Personnel:

1. Complete all items in Section I each time a special forecast is desired.

a. Example of Weather Conditions:

ALicn. | ELE oB WIND TEMP.  |t(Lv. Blank)
i REMARKS
VATION TIME |DIR~VEL. pry |wer| RH op
. Scarttered clouds, 2/10ths Cumulus. Thunderstorm ended
Fire camp | 2080° 1125 NV 16 8 62 2 hours ago. Win'd gusty, direction varies from NW to N.

v

2. Transmit in numerical sequence to the appropriate Fire Weather Office. (The Fire Weather Forecaster will
complete the special forecast as quickly as possible and transmit the forecast and outlook to you by the
method requested.)

3. Upon receipt of special forecast, complete Sections II and III.

4, Retain completed copy of form for your records.

5. Should conditions occur that are not correctly forecast, notify the Fire Weather Forecaster by phone or radio.
ALL RELAY POINTS should use this form to ensure completeness of data and completeness of the forecast. A
supply of the form should be kept by each dispatcher and all others who may be relaying requests for forecast

or who may be relaying the forecast.

Forms are available from your local Weather Bureau Fire Weather Office. They may also be reproduced by forest
or range agencies as needed, entering the phone number and radio identification, if desired.

Fire Weather Forecasters:

1. Copy information received on this form.

2. Complete special forecast as quickly as possible and return forecast and outlook by the method requested.
3. Supply pertinent radar scope information whenever possible, indicating time of radar report.

4. Complete ""RH/DP”’ columns in Item eleven.

5. Retain copy for record purposes.

WB FORM 683=1 (11-83) INSTRUC TIONS ? USCOMM-WB-DC
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The trainee will better anticipate the weather
that may affect fire behavio:r cnd can recognize
and describe the significance of clouds,
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Prepared by

Owen P, Cramer, Mctcorologist
Pacific Southwest lorest & Range Experiment Station

Clouds are different things to different people. To the pilot,
the mariner, and the fire behavior expert, clouds are Nature's sign-
boards, advertising current and cxpected weather, The trouble with
signboards of this kind is that you have to know how to read them bcefore
they can be of much help. So we're going to study these signboards :
for two reasons: (1) so that you can bettcr anticipate the weather that
may affect the bchavior of any fire, and (2) so that you can recognize
and describe the significant things you see to somcone else,

Clouds are important to fire control people because they give
us four kinds of information:

(1) Clouds indicate zirmass propcrtics such as stability, moist-
ure, and upper winds, These altosumulus castellanus indicate.a moist,
unstable layer abtove 10,000 feet. Incidentally, altocumulus castellanus
clouds often precede the formation of thunderstorms,

(2) Clouds indicate devcloping or approaching weather, for example,
the thunderstorm,

(3) They indicate atmospheric motion, This stationary wave cloud
indicates a pattern of horizontal and vertical winds that may extend
to the surface.

(4) Some clouds tell the history of weather in the airmass.,  These
heavy cirrus were formed by thunderstorms a day or so before.

We will go into these indications in more detail in a few minutes,
but first we nced to check some names. You pa more out of the game
if you c2n recognize the players 2s well by n'l.e as by shape and action,
The following cioud names are used singly or in a combination,

Stratus or strato clouds are basically flat and in rather thin
shects with littlc pattern,

- . - -

1/ Most of the cloud pictures used with this lecture are from the U.S,
Forest Service, lorest Fire ReSearch at Missoula and Portland, and were
taken by John H, Dieterich and :Owen P, Cramer,
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Cumulus means a heap, It is also applied to clouds showing

patterns of rolls, tufts, or stacks.

Cirrus mecans hair and applies to ice crystal clouds, The sun's
disk is quite diffuse through icc clouds in contrast to clear cdges
when vicwed through water-drop clonds., A more important type of cirrus
is this dense anvil-top remnant,

Nimbus is a rain cloud, a term usually used with other cloud
names to describe precipitating types.,

Alto is a prefix used to denote clouds that are predominantly
water-drop clouds at high elevations where the temperature is below
freezing,

Fracto is a prefix meaning fragmentary, It describes low cloud
fragments or shreds that have no definite shape,

Castellanus are small hcaps at high elevation--a type of alto-
cumulus, S

ﬂgmpa are pouch-shaped clouds that descend from beneath thunder=-
storm anvil tops, hence usually indicate that z thunderstorm is closc
by. Their motion is gentle downward with the leading edge of falling

precipitation,
Virga are streaks of precipitation falling but not reaching the
Lenticuvlar or standing wave clouds are lens-shaped and are common

as cap clouds over muuntaxn pcak or over the pecak of a wave in the
airflow pattern,
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The more common cloud types are shown in this chacrt. Clouds
are usually divided iato four groups: Jow, middle, high, and clowdls
of vertical development. Low, middle, and high are usually defined
in terms of their elevation, but this is highly varlable between
scasons and bewween alrmasses, The clevation scale shown here could
be doubled for warm summer airmasses. More important than elevation
arc cloud shape, texture, association, and evolution.

Low clouds usually are within 10,000 feel: of the surface, are
made up of water droplets, and mey have large pattern features. The i
typical types are stratus, stratocurmlue, and cumulus of fair weather.

Middle clouds are higher, commonly 10,000 to 20,000 feet above
the surface, and are composed of supercooled water droplets, i.e., with
tenperatures below freezing., Ice crystals may also be prcoent. Unlike
water iu your ice tray, cloud droplets may remain liquid to -39°F.
Principle types are altostratus and altocumulus., Patterns are finer
and cloud elements smaller than in low clouds.

High clouds are composed of ice crystals and typlcally are a2bove
20,000 feot. Types Include cirrostratus, rarely cirrocumulus, and
several kiads of clrrus,

Pl Byt b b S L

thundgxa»oxm uhirh may hnve a vcrtlcal oernt nf 50,000 feet, Il is
composcd of water droplets in lower portions aud ice crystals above.

tow we are going to get morc specific and talk about a few clouds
that are particularly important to fire control people., These are:
(1) clowds indicative of stability; (2) clouds associated with thunder3torms
(3) clouds indicative of wind; (4) clouds associated with an approaching
low pressure storm_system.

Here are the indicators of unstable air, that is, air that has
a tendency to support vertical curxrents because its temperature decreases
by 5-1/29F. per 1,000 fect of elevation. Such air is stirrcd by vertical

“currents so that the temperature and humldity are the same horizontally

at the same elevation. This is indicatcd by the flat bases of the cumulus
clouds, the 100-percent humidity level being at the same elaevation
throughout the picture,

This is an cxample of unstable air. Vertical motion is demonstrated
by two dust dovils of a rather potent size and the dissipating stages of
an ice-top cumulus that apparently did not quite reach cumulonimbus size,

Stable afr has a d'fferent set of iwndicators. There is an obvious
absence of bertical mixing and a tendency for horizontal layers. Temper-
ature decreases less rapidly with elevatlon, The ultimate in stable
air is the inversion--a layer through which the temperature actuelly
increases with elevation,
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Along the coast, we often find cool air beneath warm air. This

coastal fog is in the cool air over the ocean., Fog, by the way, is
cloud in contact with the ground. {

Here is mornine stratus in the VWillemette Valley., Indicators
of stable air in the valleys do not neccessarily mean stabie air over
the mountains, however, since the Cascades often extend well above the
cool marine layer,

Now let us examine clouds associated with thunderstorms. These
represent the stages of thunderstorm development, The arrows indicate
that motion within the clouds is vertical.

The first stage is the towcring cumulus in which all flow is up.
These clouds have the solid, sharp-edged cauliflower appearance.

The second stage is the mature, fully active thunderstorm. The
top has ascended far above the frecezing lecvel and is composed of ice-
crystals, giving it a fibrous, nore diffuse texture. Precipitation
and Jightning usually do not occur uatil this stage is reached. Down
drafts are now present associated with the precipitation.

In the final stage, the up currents have disappeared, the entire
cloud sbove the freezing level is turning to snow, and this particular
cell will gradually precipitate its moisture and drift apart. The top
drifts away in the upper winds in the characteristic anvil shape.

What maekes a thunderstorm go? First, there must be a rising
current of moist air, This may be initiated by intense heating at the
ground, by lifting over a mountain range, or by the wedge action of
cooler air as along a cold front,

Jf the lifting continues until the air has cooled to the point of
saturation, condens”..ion will occur and-a small cumulus cloud will
appear, At this point, new energy is pumped into the system by liber-
ation of heat of condensation as water vapor condenses into droplets.

If surrounding air temperature permits, the cloud top continues
to rise, cooling by expansion, hence condensing more water vapor and
liberating move hcat of condensation. The resulting towering cumulus
on the left is the first stage of thunderstorm development,

Change from liquid to the ice stage liberates additional heat
energy. The result is a rising, cloud column that wmay penctrate all
the way to the stratosphere. As the cloud top changes to snmow, it takes
on the characteristic anvil shape seen on the right, At any levcl,
temperature of the air through which it rises must always be cooler or
the rise will stop.
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As the precipitation falls, it cools the ailr through which it

falls by conduction, Falling ivnto unsaturated air below the cloud,
the prceipitation is further cooled by evaporation, and it continucs
to cool the air through which it falls., Net result is a cold downdraft
beneath the storm. This spreads out ahcad of the rain areca and is called
the thundersquall. It may blow over 30 m.p.h. for several minutes. Such
winds radiate out from the rain area without regard to slope of terrain,
The winds may be present even though all the precipitation evaporates
before it reaches the ground, Where precipitation does reach the ground
the higher the cloud base, the greater the evaporativc cooling, aud
the stronger the wind.

Thundersquall winds may result from cumulonimbus type clouds that
do not produce lightning. Conscquently, when these clouds are present,
watch out for strong winds from the direction of the mnearest.storms.

Now, looking at the indicators of thunderstorm formation, these
are small cumulue of fair weather. They indicate that the rising thermals
of surface heated air have reached the condensation level. At this point,
it looks as though further growth will occur with additional heating,
since one higher cloud tower already has formed near the center of the
picture,

A cumulus convection cell is similar to the convective circulation
over a fire, Doth arc columns of rising air. Cumulus convective cells
sonetimes move along with the wind. If a fire convection column combines
with a cumulus convection cell, the convective circulation of the fire,
may be markedly intensified, Similar convection cells may be present
in dry air formirg no clouds; these are callod thermals and are familiar
to glider pilots and soaring bivds.

The absence of cumulus over the river demonstrates the 1mportance
of surface heating in the formation of cumulus clouds.,

These altocymulus castellonus indicate conditions favorable for
cumulus cell growth at the Ligher, middle cloud layer. Couplecd with
sufficient heating at the ground, thurderstorms could develop. This
type of cloud is a thunderstorm indicator. Often seen in the morning
or evening, it may be followed by thunderstorms within 36 hours 60 to
80 percent of the time in some parts of the country, Thunderstorms
are most likely in the particular mass of sir in which these clouds
appear, but they may hove moved o long way in 36 hours. Note the dc-
finite vertical davelopment, Thunderstorms occasionally build from
this middle cloud level,

These are gwelling cumulus and have reached the first stage of
thunderstorm development, Note the hard cauliflower appearance, The
little cloud in the upper left is fracto cumulns.

Here is a_mature thunderstorwm. The top is changing to ice crystals
and has just begun to fan out in anvil shape. Precipitation will soon
appear below the cloud.




Slids The same cloud a few minutes later shows greater development of the
ice top anvil,

Slide In another few minutes, rain began falling Beneath the cloud and the

35 anvil has. taken on a smoother fibrous texture indicating snow structure.

‘Slide This is another fully developed cimulonimbus with the characteristic
36 anvil., It is in the final or dissipating stagc. This docs not mcan

the storm is over, however, since new cumulus cells usually form, and
the new cells go through the cycle which usually takes about 30 minutes,

Slide Immediately beneath the cumulonimbus there may be a heavy shower.
37 If{ clouwd bases are high, this may not reach the ground and we would
" call it a dry thunderstorm.

Slide Downrushing cold air will spread out from thc shower area as a
38 thundersquall wind. The wind is likely to extend a mile or so beyond
the rain area. The wind may occur even if the precipitation does not
reach the ground,

Slide Lightning may also be expected, If scen from a distance greater than
39 ' the thunder can be heard, it may be called heat lightning. Thunder can

usually be heard for 15 miles, llcat lightning usually refers to the
reflection in the sky from the distant lightning flashes in thunderstorms,
Lightning almost never occurs without a thunderstorm. Sheet lightning

is the illumination of the cloud from lightning occuring within the Storm,

Slide This represents an average thunderstorm for the northern Rocky ;
40 Mountains. It produces about 100 lightning discharges, 40 percent of which
are cloud to ground, The higher the top, the greater the nunber of dise-
charges,
Slide Cold air spreading outward from bencath a large thunderstorm may sct
41 off additional storms as it advances., This diagram shous thundcrstorms

Luilding along the cold air edge forming what amounts to a squall line,
Though such a squall line may grow to 50 miles in length and advance at
20 to 40 m.p.h, for as long as 6 hours, it will usually be too small to
appear on any weather map or to be included in the routine area foreccast.,
You'll have to see it coming,

Slide Thunderstorms way occuir singly, scattered along mountain ranges, or
42 in lines along cold fronts or squall lines. This is a squall line_as

viewed from the air, and is a solid line of thunderstorms. Anvil tops
from mature cells are mostly obscured by the younger cells,
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This is how an castern Oregon squall line appeared from the
surface, It moved along at 40 miles an hour accompanied by cven
stronger winds and produced contiderable lightning and an inch of

rain, It is moving toward the camera, The low cloud base indicates

considerable moisture in the air mass, hence the possibility of heavy
precipitation, :

The same squall linc looked like this an hour or so later as
it approached Bend,

The most intensive study of Oregon and Washington thunderstorms
was done by W, G, Morris of the Experiment Station some ycars apo, but
the results are still valid, Ivery thunderstorm over the National
Forcsts was meticulously reported and charted over a 7-year period.,
This map shows the actual tracks of 211 storms during one summcr,

In the 7 years, no "breeding areas" werc, evident.

Seventy percent of the thunderstorms in western and central
Orcgon moved from a southerly direction, that is from somewhcre
between southwest and southeast, Northeast Oregcen storms moved pre-
dominantly from the southwest; and Washington storms moved from any
direction except northeast and cast,

Thunderstorms cannot usually be predicted with certainty. Gen-
eral conditions favorable for their development can usually be forc-
cast,but the timo and place must be left for the observer to detcr-
min¢. This should not be difficult because the signs are usually plen-
tiful if you read them., When clouds like these show up in the distance,

keep an cye on them,

Now, we arc going to talk aboul clouds that indicate wind con-
ditions that may be important to fire behavior. These are the standing

wave clouds or lenticular altocumulus, The clouds stay in onec place
while the wind ﬂ?;ﬁgﬁ?ﬁ?guﬁﬁh?hgﬁt_"Thcy form on one edge and dissipate
on the other., They indicate a vertical wave pattern that miy or may
not be reflected at the surface. These motinng are mechanical; they
do not depend on condenzation for encrgy and may be present in the

same form in dry, cloudless air.

The best known work with the mountain wave has been dane in the
Owen's Valley in California, 7This shows threé levels of cloud in the
wave, The lowest is called a rotor cloud, the middle is the typical
lenticular cloud, and the highest a cirrus cap.

This is the flow pattern that produced the clouds in the preceding
tlide. Note the surface winds, There is a calm area between surface
Vinds from opposite dircctions, A fire in the calm arca beneath rising
currents would produce a very active convective system, On the other
side of the rotor, descending air would inhibit convection, but might
producc quite crratic surface winds and fire spread,
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This is another standing wave in the Owen's Vailey. Note how
the dust is blown along the surface for some distance before being lifted
into the rotor cloud,

8

Standing waves are formed frequently by the low Tualatin Mountains
that make up Portland's west hills, Often the waves remain aloft and
apparently do not affect surface winds., The wave clouds in this slide
were over the Willamette Valley in waves formed by cast winds blowing
over the Cascades, ;

This fearsome wave cloud appearcd in Mew Zoaland, Since the rotor

- cloud is distinctly present at a low clevation, we would expect that

surface winds were typically.affccted.

The specific wave pattern dcpends on the hzight of the ridge, the
velocities of the winds across the ridge, the stability of the air, and
the presence of othar ridges. This slide shous several possible types
of airflow across a ridae, Avrows at the left indicate relative wind-
spceds at various heighits, " Note the different wave lengths and different
wave heights, You can sec that with generally rough terrain, it is likely
that some amazing wind patterns can be produced under conditions favoring
the formation of the standing wave cloud. Remember, however, the cloud
does not enter into this process. The same motions can be present with-
out the cloud if the temperature and wind structure are the same and the
air mass dry., But, when the signboard is there, be sure you read it,

Last, we will look at clcuds indicative of approaching low pres-
fure storm systems. An approaching low may be iwportant becauce of the
precipitation it may bring, but a low may also be preceded by considerable
wind even if no rain occurs. These next clouds are not as lmportant by
themselves as is the evolution from one cloud type to anotha», These
typical cirrus mean nothing by thenselves, but if they gradually develop
into a thin cirrostratus overcast, this is often significant,

Cirrostratus is the cloud in which halos form around the sun and
moon. In many areas, cirrostratus indicates better than a 50-percent
chance of rain within 36 hours,

If middle clouds form beneath or following the cirrostratus, this
indicates a deepening, lowering laycr of moist air and the probzble
appzoach of a low pressurc storm system. The low mdy produce rain, but
it is also likely to produce increasing and changing winds.

Or, the cirrostratus may gradually thicken and lower to become
altostratus, The sun's disk becomes obscured though its position is
indicated by a bright spot. When thickening completely obscures the sun,
the cloud is called nimbostratus, Steady rain often cowes from this type
of cloud though it is often obscured by lower clouds, such as fracto-
stratus, that are formed by the precipitation,
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Clouds are also useiul for coloring suniises and sunsets.

(Go directly into cloud motion movie. Sawme picture introduces movie.)

(At conclusion of movic, turn on tape-slide ap;aratus again,)

Now you know all about clouds, Somctimes it is suggesied to the
forccaster that he should look out the window before he issucs his fore-
cast, This is a very sensible suggestion because he can obtain much
up-to-date information from the clouds, He may not be able to sce
the clouds over your station or your fire, however, but you can. So you
have a potential adventage over the forecaster whenever there are sign-
boards available advertising the current and expected weather.

In the remaining time, let us practice on what we have learned.

You are at a fire, This is the way the sky looks. You are
particularly concerned with surface winds for burning-out this after-
noon and evening, and about any prospcct for rain, Mr,---ee- , what
dag these clouds indicate?

Answer: The stzanding wave clouds indicate wave motinne that could
influence =urf-ce wind prtterns. There may be zones where stronger up-
per winde rench the surface, nther zynes where the wind ceems to skip or
even reverse direction, Smhke column behavinr shauld be watched for
cffects of predominant downward or upward flow.

Tﬁe cirrus do not indicate anything unless they increase and =re
replaced by lower cloud types,

At 10 o'clock we have this sky. The cirrus cloud scems to be from
the south, Mr,------, for what conditions should the fire-wcather security
watch be particularly alert? How can you tell?

Answer: The dense cirrus is probably an old anvil top. Thunder-
storm might develop in the same airmass again. They would probably move
from the south; a favorablc dircction for thunderstorm formation, The
cumulus of fair weather show that moisture is present in lower layers.
hWith 5 hours of warming still remaining, thunderstorms are a distinct
possibility,

A few scattered cirrus at noon have changed to this sky at 3 p.nm,
ME ., mmmeee » what are these clouds and what do they indicate? What should
we watch for during the next few hours?

Answer: ‘These are cirrostratus and possibly precede a larger cloud
system associafed with a low pressurc center., If the clowls continue to
thicken and particularly if the cloud form changes to lower types, the
aperaach of a 1aw is moyre certain,

An hsur after the preceding =lide, the =ky had this »sppearsnce.
The clouvd= are from the ssuthwe-t, Mr,--e-ee, whet is this indic>ting
5 yaup
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Answer: This is a shcet of alﬁocumulus. The clouds have low-
ered in the past hour and the approach of a low pressure system with
accompanying wind chauges and possible rain becomes more certain.

At sunrise next morning, wc see this with clouds from the south,
Mr, -ccem-a- » can you tell us what has happened to the atmosphlere and
what wcather cvents may be expected?

.Ansver: These altocumulus appear lower than the altocumulus of
the previous afternoon, but the cirrus have disappeared and there is
considerably more bluc sky, hence the airmass is drier. The threat
of rain has diminished. These altocumulus have very little vertical
development, hence are not thunderstorm indicators.

By late afternoon, we have these clouds from the SSE. Mr,--e-- ’
how would you report them, and are they of any importance?

Answex: These altocumulus castellanus clouds indicate moisture
and instability at their level and a possibility of thunderstorin within
36 hours. They differ from the altocumulus of the preceding slide in
their vertical development.,

'By noon the following day, we have these clouds. Mr.e-e--- , what
weather conditions should we expect during the afternoon?

Ansycer: These swelling cumulus have about reached thunderstorm
size. Thunderstorms should be expected with attendant thundersquall
winds sprecading outward from bencath each storm. With high cloud bases,
strong winds are likely and precipitation at ground level may be light.
All fire forces should be alerted to the possibility of thundersquall
winds.

A little later the same afternoon, a lookout in the weather security
net sav this formation approaching, Mr.eeee-a » should he report, what
should he report, and why? '

Answer: This appears to be a line of falling precipitation or
virga. Since earlier clouds indicated thunderstorms, this may be a squall
line. 1t is likely to be accompanied by strong gusts, especially since
cloud bases are high. It should be reported to the fire headquarters as
an approaching weak squall line. His first report would be followed up
by a report of wind intensity when accompanying wind has been observed.

1f that lookout had scen tLhis approaching rapidly from the south-
east, what should he have reported, Mr,-e---- ?

Answer: This is an inteuse squall line. At this distance, thuader
would be heard and its approach would br evident. This squall was
accompanied by 40-50 mile per hour winds, and, as indicated by the low
cloud base, considerable rain,

Late in the afternoon, you could s:ec thig from the fire, Mrieeee-.,
what is indicated? | :
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Answer:  The anvil from 2 thunderstorm is apparently moving
overhead, Since the anvil precedes the thunderstorm, we would expect
that the storm is moving toward the fire and would alert personnel

to the possibility of thundersquall winds,

About the same time as the previous slide, onc of the security
net observers saw this, Mr,e-c---- , what is it, and is it important?
Why?

Answer: These mammA characteristically form on the under side
of the anvil top. This mcans that a thunderstorm is only a few miles
away, :
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SLIDES USED WITH SLIDE-TAPE CLOUD LECTURE (cont'd.)

Aerial of cumulonimbus and associated clouds . or¢. =11
Montana altocumulus floccus (good a. castellanus slide nceded) D 21
Cumulonimbus over Ochoco orc 6
Wave cloud in lee of Mt, lood from Parkdale : . OPC 18
Old anvil top cirrus b, : L oPC 7
Aeria) of stratus with Mt. Hood 8 - OPC 15
Swelling cumulus over mountain range D 4
Cirrus at sunset ' OorC 10
Spreading anvil top over Reced College orCc - 22
Precipitation reaching ground D. 12
Altocuaul us _ D 22
Fractocumulus with fair weather cumulus near Dixic Bu. ore - 32
Montana altocumulus castellanus D 27
Mamma from bencath anvil top orc 19
Virga D 10
Lenticular altocumulus e orc 1
Drawing of cloud families (Mcteorology for Naval Aviators) Navy
Indicators of instability (USES PNW Res. Paper 43)

Dust devils and glaciating cumulus 4 ' orc 14
Indicators of stability (USFS PNW Res., Faper 43)

Fog below Otter Crest orc. 15
Fog and stratus in Willamette Valley from Goat Mtn. Moltzau
Three states of thunderstorm development (AF Manual 105-5, Fig. 12-7)

Cumulus of fair weather . D 1
Swelling cumulus and cumulonimbus ; B 32
Diagram of thunderstorm winds (CAA Tech Manual No. 104, p.63)

Growing fair weather cumulus D .2
Diagram of convective systems (Fire Control Notes, April 1954)

Absence of cumulus over Columbia River OPCl . B
Montana altocumulus castellanus D 206
Towering cumulus beginning to glaciate Bl
Cumulonimbus with anvil beginning to form A
Same as preceding slide but 6 min, later (R
Ditto, another 6 win. later D 8
Cumulonimbus with well-developed anvil D 11
Shower below cumulonimbus _ ¥ D15
Blowing trecs orc 11
Lightning orc 14

Typical northern Rocky Mtn. thunderstorm diagram (Proj. Skyfire in
Weatherwise Aug 1962)

Thunderstorm mesosystem diagram (Final Rept. Mesomet, Study of Sclected
Areas in the U,S,, Univ, of Chicago, Sponsored by U,S, Signal Corps.)
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. SLIDLES USED WITH SLIDE=TAPE CLOUD LFECTURIL h(contld

Squall line over Texas panhandle from air
Squall line from Brothers, Oregan
Same Squall line as #42 as it approached Bend

Map of thunderstorm tr2cks in Oregon and Washington in 1930
(from Morris, FNW publication 1934) PNW Forest & Range Expt.

Swelling cu and cb near Enterprise
lLenticular altocumulus

Bishop wave by Betsy Woodward in Cloud d Study by Ludlam and Scorcer -

Diagram of flow shown in #47

orc

orc
OpPC

OrC
D

Bishop wave from aloft (copy--appcars on cover of Uenther and clsewhcere

Also plate 161 Vol, Il International Cloud Atlas)
Lenticular altocumulus from Council Cre=«t
Lenticular altocumulus in New Zealand (copy from Weather)

Diagram of vertical wave patterns in lec of ridge (copy from Scorer
article)

Cirrus

Thickening cirrostratus
Altocumulus over Tualatin Mtns.
Altostratus or nimhostratus
Sunrise from Custom House

Supplementary discussion clouds:

Lenticular altocumulus and scattered cirrus .
Cumulus humilis and a dense cirrus

Thick cirrostratus

Altocumulus overcast with dissipation trail and some cirrus
Altocumulus

Altocumulus casntellanus

Towering cumulus glaciating and some discipating
Line of Virga

Eastern Oregon squall line

Anvil top overhead and distant small cumulonimbus
Mamma beneath anvil top

opPC
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U. S. DEPARTMENT OF AGRICULTURE

Forest Service 6140

INSTRUCTOR'S LESSON PLAN

SUBJECT: Fht, Fire Behavior INSTRUCTOR: _Bob Miller
0 SON: winds & Topagraphy FI#E NO. 5120
DATE: Vi e i o
TENGTH OF LESSON: 55 Minutes NO. Assxs'rm’l'g:
WETHOD OF INSTRUCTION: . i
PLACE: Rocky Mtn. F. & R.E.S.
: - reen

OBJECTIVE:
TINE | LESSON OUTLINE N s o -

1300 |1. INTRODUCTION.
FOR THE NEXT HOUR WE ARE GOING TO TALK ABOUT
WIND AND HOW TOPOGRAPHY AFFECTS IT.

WIND IS THE MOVEMENT OF AIR OVER THE EARTH'S
SURFACE. WIND IS OF MAJOR IMPORTANCE IN FIRE
BEHAVIOR AND CONTROL. WINDS SPEED UP THE
'DRYING OF FOREST FUELS BY CARRYING AWAY MOIS-
TURE LADEN AIR. LIGHT WINDS AID A FIREBRAND
IN IGNITING A FIRE, ONCE A FIRE IS STARTED,

_ WIND INTENSIFIES COMBUSTION BY FEEDING IT
OXYGEN, WIND INCREASES FIRE SPREAD BY CARRY-
ING HEAT AND BURNING EMBERS TO NEW FUELS., IT
MAKES RADIATION MORE EFFECTIVE IN PREHEATING
AND IGNITING THE FUEL AHEAD OF THE FIRE BY
BENDING THE FLAMES AND BRINGING THEM CLOSER
TO THE FUEL., EXTREME FIRE BEHAVIOR DOES NOT
USUALLY OCCUR WHEN WIND CONDITIONS ARE UNFAVOR-
ABLE FOR RAPID COMBUSTION, REGARDLESS OF THE

R2-6100-5
12/65
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FUELS PRESENT AND TOPOGRAPHY OF THE AREA.
NOT ONLY DOES WIND AFFECT THE FIRE, BUT THE FIRE
MAY AFFECT THE WIND. THE FIRE MAY MODIFY WIND
FLOW CHARACTERISTICS AND BEHAVIOR. A KNOWLEDGE
OF WIND AND ITS INTERRELATIONSHIPS WITH FIRE IS
ESSENTIAL FOR ANTICIPATING OCCURRENCE AND BE-
HAVIOR OF FIRES AND FOR BRINGING FIRES UNDER
CONTROL.,
2. MeasuriNGe WIND. >
DIRECTION. WIND IS DESCRIBED IN TERMS OF
DIRECTION AND SPEED. THE DIRECTION OF WIND
IS THE DIRECTION FROM WHICH IT IS BLOWING.
A NORTH WIND BLOWS FROM THE NORTH. A NORTH-
EAST WIND FROM THE NORTHEAST.
WinD SPEED. WIND SPEED IS USUALLY MEASURED [N
EITHER MILES PER HOUR OR KNOTS. WITH ROTARY
CUP ANEMOMETERS,
1305 |3, WHy anp How THE WinDp BrLows.
‘THERE ARE TWO BASIC KINDS OF WIND:
R2-6100-5

(Continuation Sheet)
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1.~ GRADIENT WINDS,
THESE ARE WINDS BLOWING FROM A
HIGH PRESSURE AREA TO A LOW
PRESSURE AREA.

2, CONVECTIVE WINDS.
WINDS CAUSED BY UNEVEN HEATING OF
THE EARTH'S SURFACE IN A LOCAL AREA.,

GRADIENT WINDS MOVE IN A HORIZONTAL DIRECTION
BECAUSE OF PRESSURE DIFFERENCES, CONVECTIVE
WINDS MOVE IN A VERTICAL DIRECTION BECAUSE O
BUOYANT FORCE. ALL AIR MOVEMENT (WIND) IS
CAUSED BY TEMPERATURE DIFFERENCES,

1. GRADIENT WINDS.

WE HAVE SEEN EARLIER IN THE COURSE THAT
CENTERS OF HIGH AND LOW PRESSURE FORM AS THE
RESULT OF VARIOUS INFLUENCES, AND THAT THE RE-
SULTING PRESSURE_GRADIENT FROM HIGH PRESSURE TO
ILOW PRESSURE IS ONE OF THE SEVERAL FORCES OPER-
JATING TO MOVE AIR OVER THE EARTH'S SURFACE.
OTHER FORCES ARE THE DEFLECTION FORCE DUE TO THE
FOTATION oF THE EARTH (CorioLIS FORCE)., THE

(Continuation Sheet)
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CENTRIFUGAL FORCE AS THE AIR MOVES IN A CURVED
PATH, AND FRICTIONAL FORCE. DUE TO FRICTION AT
THE EARTH'S SURFACE, WHICH SLOWS THE WIND AND
CAUSES IT TO BLOW AT AN ANGLE ACROSS THE ISOBARS
FROM HIGH TO LOW PRESSURE.

THE FRICTIONAL FORCE VARIES WITH THE ROUGHNESS
OF THE EARTH'S SURFACE. IT IS LEAST OVER WATER
AND GREATEST OVER ROUGH TOPOGRAPHY, [HE DERTH
OF THE AIR LAYER THROUGH WHICH THE FRICTIONAL
FORCE IS EFFECTIVE ALSO VARIES WITH THE ROUGH-

SURFACES SUCH AS WATER AND DEEPER OVER ROUGH
TOPOGRAPHY., THE DEPTH MAY ALSO VARY WITH THE
STABILITY OF THE LOWER ATMOSPHERE., A LOW INVER-
SION WILL CONFINE THE FRICTIONAL EFFECT TO A
SHALLOW LAYER, BUT A DEEP LAYER CAN BE AFFECTED
WHEN THE AIR IS RELATIVELY UNSTABLE. USUALLY
THE FRICTION LAYER IS CONSIDERED To BE 1500 To
2000 FEET IN DEPTH.

IS NOT CHANGING RAPIDLY., THE WIND BLOWS PARALLEL

NESS OF THE SURFACE. IT IS SHALLOWER OVER SMOOTH

ABOVE THE FRICTION LAYER, IF THE PRESSURE GRADIENT

TO THE ISOBARS. THE PRESSURE GRADIENT., CENTRIFUG

(Continuation Sheet)
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R,{_,_6;1.()0“?1EANS THAT THE GRADIENT WIND EFFECTS WILL HAVE A

AND CORIOLIS FORCES ARE IN BALANCE. THIS WIND
IS KNOWN AS THE GRADIENT WIND, ONE CAN COMPUTE
THE GRADIENT WIND FROM THE WEATHER MAP. T[HE
SPACING OF THE ISOBARS IS A MEASURE OF THE
PRESSURE GRADIENT. THE CLOSER THE ISOBARS, THE
STRONGER THE PRESSURE GRADIENT,

THE EFFECTS OF THE GRADIENT WIND ON LOCAL SUR-
FACE WIND PATTERNS ARE NOT SIMPLE. WE CAN MAKE
SEVERAL GENERAL STATEMENTS, HOWEVER. THE EFFECT
OF THE GRADIENT WIND WILL BE GREATER WITH
STRONGER GRADIENT WINDS. IN FACT., STRONG GRAD-
IENT WINDS CAN COMPLETELY OBLITERATE LOCAL WIND
PATTERNS, THE GRADIENT WIND EFFECT WILL VARY
WITH THE STABILITY OF THE LOWER ATMOSPHERE.
STABLE LAYERS, OF WHICH INVERSIONS ARE AN EX-
TREME TYPE, TEND TO “INSULATE’' THE LOCAL WIND
PATTERNS FROM THE GRADIENT WIND AND THUS MINI-
[MIZE ITS EFFECT. WHEN THE LOWER ATMOSPHERE IS
REALATIVELY UNSTABLE THERE IS MORE INTERCHANGE
BETWEEN THE GRADIENT LEVEL AND THE SURFACE LAYER.

AND THE GRADIENT WIND EFFECTS ARE GREATER. THIS

(Continuation Sheet)
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R2w6l00-g

'BOTH DIRECTION AND SPEED OVER SHORT INTERVALS OF

DIURNAL VARIATION ALSO, BEING GREATEST DURING
THE DAYTIME WHEN THE LOWER ATMOSPHERE IS REALA-
TIVELY UNSTABLE AND LEAST AT NIGHT NHEN‘IT IS
MORE STABLE. CERTAIN LOCAL WIND PATTERNS MAY
BE LESS AFFECTED BY THE GRADIENT WIND THAN OTHER$
BECAUSE OF THE TYPE OF TOPOGRAPHY IN WHICH THEY
OCCUR., FOR EXAMPLE, THE RIDGES AT THE SIDES

AND HEAD OF A VALLEY WILL PROTECT THE LOCAL WIND
PATTERN IN THE VALLEY FROM THE GRADIENT WIND.
THE STEEPER AND HIGHER THESE RIDGES ARE. THE
GREATER THE PROTECTION THEY OFFER.

A.) TURBULENCE. WINDS VARY CONSIDERABLY IN

TIME., THE RAPIDITY OF FLUCTUATIONS IN DIRECTION
INCREASE AS WIND SPEED INCREASES ALTHOUGH THE
AMOUNT OF THE VARIATION TENDS TO BECOME LESS.
WIND SPEED IS SELDOM SfEADY BUT BLOWS IN A
SERIES OF GUSTS AND LULLS. THIS IRREGULAR
MOTION OF THE AIR IS KNOWN AS TURBULENCE.

THE TWO PRINCIPAL CAUSES OF TURBULENCE NEAR THE
EARTH'S SURFACE ARE ATMOSPHERIC INSTABILITY AND
ROUGH TOPOGRAPHY .

(Continuation Sheet)
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WHEN THE LOWER LAYER OF THE ATMOSPHERE IS UN-
STABLE, IT OFFERS LITTLE RESISTANCE TO THE
TRANSFER OF MOMENTUM EITHER UPWARD OR DOWNWARD,
THE USUALLY STRONGER WINDS ALOFT CAN BE BROUGHT
DOWN TO THE SURFACE IN GUSTS. LARGER ROLLING
EDDIES FORM AND CAUSE FREQUENT CHANGES IN THE
SPEED AND DIRECTION OF THE SURFACE WINDS.,
NORMALLY THIS TYPE OF TURBULENCE IS MOST PRON-
OUNCED IN THE AFTERNOON WHEN SURFACE HEATING
HAS MADE THE LOWER LAYER OF THE AIR UNSTABLE,
[T CAN ALSO OCCUR NEAR A DEEP STORM CENTER AT
ANY TIME OF THE DAY, FOR THEN A DEEP LAYER OF
THE ATMOSPHERE IS USUALLY RELATIVELY UNSTABLE,

STRONG WINDS, BLOWING BECAUSE OF A STRQNG PRES-

FAVORABLE FOR TURBULENCE. AT STRONG SPEELS THE
AIR WILL “TUMBLE” OVER AND AROUND HILLS AND

R2-6100-

ND HORIZONTAL EDDIES SIMILAR.TO WATER FLOWING
OVER AND AROUND ROCKS IN A STREAM.

(Continuation Sheet)
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SURE GRADIENT, CAN BECOME TURBULENT MECHANICALLY
IN PASSING OVER ROUGH TOPOGRAPHY EVEN THOUGH THE
THERMAL STRUCTURE OF THE AIR IS NOT PARTICULARLY

RIDGES, STRUCTURES AND TREES., PRODUCING VERTICAL
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AND DIRECTION.

1315 |B. LOCAL WINDS RELATED TO LARGE SCALE PRESSURE

" PATTERNS.

R2-6100-5
(Continuation Sheet)
12/65

LAMINAR AIR FLOW, AS OPPOSED TO TURBULENT FLOW.
PRODUCES WINDS THAT ARE MORE STEADY IN BOTH

OF AIR NEXT TO THE SURFACE IS STABLE. A NIGHT-
TIME SURFACE INVERSION, FOR EXAMPLE., WILL
PROTECT THE AIR NEAR THE GROUND FROM THE IN-
FLUENCE OF THE WIND FLOW HIGHER UP. THE COOLER
AIR NEAR THE SURFACE FLOWS SMOOTHLY ALONG. BOL-
LOWING THE TOPOGRAPHY; VARYING LITTLE IN SPEED

DURING THE NIGHT AND EARLY MORNING HOURS BECAUSE
OF THE STABLE STRUCTURE OF THE AIR DURING THAT
PORTION OF THE DAY.

B.) FoEHN WINDS. IN MOST MOUNTAINOUS AREAS
LOCAL WINDS ARE OBSERVED THAT BLOW OVER THE
RIDGES AND DESCEND THE MOUNTAIN SLOPES ON THE LEE
WARD SIDE. THESE WINDS ARE CHARACTERIZED BY
THEIR WARMTH AND DRYNESS. AT TIMES THEY MAY
REACH WHOLE GALE FORCE AND THEY ARE GENERALLY
GUSTY. [N FORESTED OR BRUSH-COVERED AREAS

DIRECTION AND SPEED. IT OCCURS WHEN THE LAYER |VU-GRAPH #2

AGAIN

L]

THIS TYPE OF FLOW IS MOST COMMON
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THEY CREATE A CRITICAL FIRE CONDITION, THESE
WINDS HAVE COME TO BE KNOWN BY DIFFERENT NAMES
IN VARIOUS PARTS OF THE WORLD, AND EVEN IN
DIFFERENT PARTS OF THE UNITED STATES. WE SHALL
APPLY THE TERM FOEHN TO THIS CLASS OF WIND,

THE FOEHN WIND APPEARS WHEREVER THE PREVAILING
IND PASSES OVER A MOUNTAIN BARRIER. As THE

AIR ASCENDS THE WINDWARD SIDE OF THE MOUNTAIN
RANGES IT IS COOLED UNTIL THE CONDENSATION LEVEL
IS REACHED, CLOUDS THEN FORM AND PRECIPITATION
IS PRODUCED., THUS DECREASING THE AMOUNT OF WATER
VAPOR IN THE AIR, AS IT DESCENDS THE LEEWARD
SIDE OF THE MOUNTAIN RANGE. THE AIR IS WARMED
ADIABATICALLY AND IT ARRIVES AT LOWER ELEVATIONS
BOTH WARMER AND DRIER THAN IT WAS AT CORRECPOND-
ING LEVELS ON THE WINDWARD SIDE.,

WHEN A COLD HIGH PRESSURE AREA MOVES INTO THE
JREAT BASIN AND STAGNATES THERE., A PRESSURE
PATTERN FAVORABLE FOR CHINOOK WINDS ALONG THE
EASTERN SLOPES OF THE NORTHERN AND CENTRAL
ROCKIES, MONO WINDS ALONG fHElﬂESTERN SLOPES OF
gHE SIERRA NEVADA, AND SANTA ANA WINDS ON THE

(Continuation Sheet)
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'

COASTAL SIDES OF THE COAST RANGES OF SOUTHERN
CALIFORNIA 1S ESTABLISHED, ALL OF THESE ARE
FOEHN-TYPE WINDS THAT HAVE COME TO BE KNOWN BY
DIFFERENT NAMES IN THESE DIFFERENT AREAS.

THE CHINOOK WIND ON THE EASTERN SLOPES OF THE
ROCKIES MAY REPLACE COLD CONTINENTAL AIR THAT
HAS MOVED INTO GREAT PLAINS FROM CANADA. THIS
RESULTS IN VERY ABRUPT TEMPERATURE AND HUMIDITY
CHANGES, AND IN THE WINTERTIME WILL CAUSE SNOW
TO BE QUICKLY EVAPORATED, THE CHINOOK WIND DOES
NOT ALWAYS REMAIN CONTINUOUSLY ON THE SURFACE AT
LOWER ELEVATIONS., [F THE MECHANISM IS NOT PRE-
SENT TO REMOVE THE coLD CANADIAN AIR, THE WARM
CHINGOK WIND MAY OVERRIDE IT AND NOT BE FELT AT
THE SURFACE., AT OTHER TIMES THE WARM CHINOOK
REACHES THE SURFACE PERIODICALLY CAUSING EXTREME
FLUCTUATIONS IN TEMPERATURE AND HUMIDITY. THE
CHINOOK CHARACTERISTICS MAY BE INTENSIFIED IF A
WARM RIDGE OF HIGH PRESSURE ALOFT MOVES OVER THE
GREAT BASIN AREA AND SUBSIDING AIR FROM ALGFT IS
BROUGHT DOWN TC THE SURFACE ON THE EASTERN SLOPE$
OF THE RockIES., THE EXTREMELY LOW HUMIDITIES OF

(Continuation Sheet)

12/65



Pace 11,

U. S. DEPARTMENT OF AGRICULTURE
Forest Service

6140

TIME

TESSON OUTLINE

AIDS ¢t CUES

LESS THAN 5% THAT ARE SOMETIMES RECORDED INDICAT

THAT THE AIR MUST ORIGINATE AT HIGH LEVELS,
HUMIDITIES HAVE DROPPED AS LOW AS 17 IN DENVER.
FORTUNATELY., THESE WINDS USUALLY OCCUR WHEN THE

BUI 1s NoT Too HIGH ON N,F. LAND, BUT NOT ALWAYS
THEY HAVE BEEN RESPONSIBLE FOR SOME SERIOUS
GRASS AND BRUSH FIRES ON THE EASTERN SLOPE OF
THE CoLORADO RockIES., AIR FLOWING WESTWARD OVER
THE SOUTHERN SIERRA NEVADA IS WARMED ADIABATIC-
ALLY AS IT DECENDS THE WESTERN SLOPES AND IS
KNOWN AS THE MONO WIND WHEN IT REACHES LOWER
ELEVATIONS, CONTINUING WESTWARD IT CROSSES THE
COSTAL RANGES AND IS FURTHER WARMED AND DRIED
OUT AS IT FLOWS DOWNWARD TOWARD SEA LEVEL. IN
THE COASTAL REGIONS OF SOUTHERN CALIFORNIA THIS
WIND IS KNOWN AS THE SANTA ANA. IT's MILD TEM-
PERATURE, EXTREMELY LOW RELATIVE HUMIDITIES,
BOTH DAY AND NIGHT, ITS HIGH SPEEDS AND GUSTI-
NESS BRINGS SOUTHERN CALIFORNIA ITS WORST FIRE
CONDITIONS. SANTA ANA WINDS ARE MOST FREQUENT
DURING THE FALL AND EARLY WINTER, FREQUENTLY BE-
FORE MUCH RAIN HAS FALLEN SINCE THE RAINLESS

R2-6100=~

ESUMMER SEASON., AND DURING THE TIME OF THE YEAR

(Continuation Sheet)
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WHEN THE MOISTURE CONTENT OF THE LIVING BRUSH

IS LOW. IN COASTAL MOUNTAINS AND THE VALLEYS
AND SLOPES ON THE OCEAN SIDES THE EFFECT OF THE
SANTA ANA VARIES. A WARM SANTA ANA WILL AFFECT
ONLY THE HIGHER ELEVATIONS OF THE COAST RANGES.
[T FAILS TO DESCEND VERY FAR poyy THE LEEWARD
SLOPES BUT INSTEAD FLOWS SEAWARD ALOFT, LEAVING
LOCAL CIRCULATIONS PREDOMINANT AT LOW LEVELS,

A coLD TYPE SANTA ANA WILL BLOW THROUGH THE GAPS
AND OVER THE RIDGES }ND ALONG THE SURFACE OF
SLOPES AND VALLEYS ON THE LEEWARD SIDE, THIS
FLOW CONTINUES BOTH DAY AND NIGHT AND COMPLETELY
ERASES ANY TENDENCY FOR A SEA BREEZE OR UP-VALLE
WIND THAT MAY BE PRESENT IN THE DAYTIME. AS THE
SANTA ANA WEAKENS A DIURNAL CHANGE SETS IN.,
DURING THE DAYTIME A LIGHT SEA BREEZE MAY BE
NOTED ALONG THE COAST WITH LIGHT UP-VALLEY

WINDS IN THE COASTAL VALLEYS AND THE SANTA ANA
WINDS ARE HELD ALOFT. AFTER SUNSET THE SEA
BREEZE STOPS AND A LAND BREEZE BEGINS. IN THE
COASTAL VALLEYS A DOWN-VALLEY WIND SETS IN,
SINCE THESE WINDS ARE IN THE SAME DIREUTION AS
THE SANTA ANA DURING THE EVENING HOURS THE SANTA

(Continuation Sheet)

12/65

Vu-GraPH #4



Pace 13.

U, S. DEPARTMENT OF AGRICULTURE
Forest Service

6140

TIVE

“TESSON OUTLINE

AIDS & CUES

L

ANA WIND COMES DOWN TO THE SURFACE AND COMBINES
WITH THESE LOCAL CIRCULATIONS CAUSING VERY
STRONG, GUSTY SURFACE WINDS. DURING THE LATE
NIGHT HOURS THE AIR IN THE COASTAL VALLEYS MAY
BECOME SO COLD THAT AN INVERSION IS FORMED WHICH
AGAIN HOLDS THE SANTA ANA WIND ALOFT. AS THE
SANTA ANA CONDITION CONTINUES TO WEAKEN, THE
LOCAL CIRCULATIONS BECOME RELATIVELY STRONGER

AND THE SANTA ANA WIND IS HELD ALOFT BOTH DAY
AND NIGHT. ;

2) ERONTAL WINDS. THE DIFFERENT KINDS OF FRONTS
AND THE WEATHER ASSOCIATED WITH THEM WERE DIS-
CUSSED EARLIER. HERE WE WILL CONSIDER THE
CHANGE AND THE CHARACTER OF THE SURFACE WINDS
WITH THE PASSAGE OF FRONTS., THE CHANGE IN WIND
DIRECTION WITH THE PASSAGE OF A FRONT FREQUENTLY
TAKES PLACE VERY SUDDENLY AND THE WINDS MAY BE
VERY GUSTY, FOR THESE REASONS FRONTAL WINDS ARE
IMPORTANT IN FIRE CONTROL. THE SUDDEN SHIFT IN
WIND WILL CHANGE THE DIRECTION AND SPREAD OF A
FIRE AND MAY ENDANGER MEN AND EQUIPMENT.

R2-6100~

J

(Continuation Sheet)
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IN THE NORTHERN HEMISPHERE THE SURFACE WIND WILL
INVARIABLY SHIFT IN A CLOCKWISE DIRECTION AS A
FRONT PASSES.

AHEAD OF A WARM FRONT THE SURFACE WIND USUALLY
BLOWS FROM A SOUTHEASTERLY OR SOUTHERLY DIREC-'
TION, WITH THE FRONTAL PASSAGE THE WIND GRADU-
ALLY SHIFTS CLOCKWISE FRoM 45° To 90°, THE
PASSAGE OF A WARM FRONT IS USUALLY gceeMPANLED,Bﬁ
STEADY WINDS RATHER THAN GUSTY WINDS SINCE THE
LAYER OF AIR NEXT TO THE GROUND 1S GENERALLY
STABLE,

IN CONTRAST TO THE PASSAGE OF A WARM FRONT, THE
PASSAGE OF A COLD FRONT IS USUALLY SHARP AND
DISTINCT. AHEAD OF THE COLD FRONT THE WIND GEN-
ERALLY BLOWS FROM THE SOUTH OR SOUTHWEST. AS
THE COLD FRONT APPROACHES THE WINDS INCREASE IN
SPEED AND BECOME TURBULENT. IN THE FRONTAL ZONE
THERE MAY BE VIOLENT TURBULENCE AND SQUALLY
WEATHER, ESPECIALLY IF THUNDERSTORMS ARE PRESENT

Sn——

R2-6100-~

S THE COLD AIR MOVES OVER THE EARTH'S SURFACE,
FRICTION WITH THE GROUND TENDS TO RETARD THE

URFACE WIND, WHILE ALOFT THE COLD AIR SURGES

(Continuation Sheet)
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AHEAD AND OVERRUNS A LAYER OF WARM AIR. THIS
OVERRUNNING PRODUCES EXTREMELY UNSTABLE CONDI-
TIONS AND SQUALLY WEATHER RESULTS. WITH THE
FRONTAL PASSAGE THE WIND SHIFTS WEST OR NORTH-
WEST, THE AMOUNT OF THE SHIFT MAY BE FROM 450
TO AS MUCH AS 180° wiTH SLOW MOVING FRONTS.
THE COLD AIR MOVES OVER WARMER GROUND AND CON-
TINUES TO BE RELATIVELY UNSTABLE, SO THAT
STRONG GUSTY WINDS MAY CONTINUE FOR SOMETIME
AFTER THE FRONTAL PASSAGE.

THE WIND SHIFT ‘ACCOMPANYING THE PASSAGE OF AN
OCCLUSION IS USUALLY 90° OR MORE. THE WIND GEN-
ERALLY SHIFTS FROM A SOUTHERLY DIRECTION TO
WESTERLY OR NORTHWESTERLY. IN THE CASE OF A
WARM-TYPE OCCLUSION THE WIND SHIFTS IS MORE
GRADUAL JUST AS IT IS WITH A WARM FRONT. THE
WIND SHIFT WITH A COLD-TYPE OCCLUSION RESEMBLES
THAT OF A COLD FRONT EXCEPT THAT THE SQUALLINESS
IS ABSENT. SOME GUSTINESS MAY ACCOMPANY THE
FRONTAL PASSAGE, HOWEVER., AND CONTINUE TO THE
REAR OF THE FRONT IF ‘THE COLD AIR IS UNSTABLE.

R2-6100=-

;

(Continuation Shget)
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1330 2., . CoNVECTIVE WINDS.
A) LaAND AND SEa BREEZE. LOCAL WINDS CAUSED
BY TEMPERATURE DIFFERENCES BETWEEN THE LAND AND

BREEZE.

R2-6100-~5
(Continuation Sheet)
12/65

3) MOUNTAIN WAVES.
THESE WINDS ARE CAUSED BY MODERATE TO STRONG
GRADIENT WINDS IN A STABLE ATMOSPHERE. THEY

ON LEE SLOPES., THEY ALSO CHARACTERISTICALLY
CAUSE FORMATION OF LENTICULAR (LENS SHAPED)
CLOUDS FROM OROGRAPHIC LIFTING,

SEA BREEZES--THE WIND BLOWING FROM THE SEA TO
LAND BY DAY IS THE SEA BREEZE AND THE WIND THAT
BLOWS FROM LAND TO SEA AT NIGHT IS THE LAND

WATER AND LAND DIFFER IN HEAT ABSORBING PROPER-
TIES, MORE HEAT IS REQUIRED TO RAISE THE TEM-
PERATURE OF A GIVEN AMOUNT OF WATER THAN THE
SAME AMOUNT OF LAND. I[N ADDITION THE HEAT
RECEIVED BY A LAND SURFACE IS CONFINED TO THE
TOPMOST LAYER OF GROUND., IN CONTRAST THE SUN'S
RAYS PENETRATE MORE DEEPLY INTO THE WATER.,

OFTEN CAUSE STRONG DOWNSLOPE WINDS AND EDDIES| Vu-GRAPH #0A
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wOISTURE FROM THE WATER SURFACE. THIS MARINE

MIXING OF THE WATER ALSO HELPS TO CARRY THE
WARMED SURFACE WATER DOWNWARD AND THUS DISTRI-
BUTES THE HEAT THROUGH A DEEPER LAYER. AS A
RESULT THE WATER SURFACE IS NOT HEATED TO AS
HIGH A TEMPERATURE DURING THE DAYTIME AS THE
ADJACENT LAND SURFACE AND THE AIR OVER THE WATER
SURFACE ALSO REMAINS COOLER THAN THAT OVER LAND.,

DURING THE DAYTIME WHEN THE WARM AIR OVER THE
LAND EXPANDS AND BECODMES LESS DENSE THE PRESSURE
OVER LAND BECOMES RELATIVELY LOWER THAN THE
PRESSURE OVER THE ADJACENT COOL WATER., A HORI-
ZONTAL MOVEMENT OF AIR FROM THE WATER TO THE
LAND BEGINS. AS THE WARM AIR OVER THE LAND
RISES IT COOLS ADIABATICALLY. PRESSURE ALOFT
THEN BECOMES GREATER THAN THAT OVER WATER AND
THE AIR ALOFT BEGINS A RETURN FLOW TO THE SEA,
SINKING OF THE AIR OVER THE WATER COMPLETES THE
SEA BREEZE CIRCULATION.

THE SEA BREEZE HAS A NOTICEABLE EFFECT ON FIRE
ACTIVITY. IT USUALLY BRINGS IN AIR.THAT REMAINE‘
RELATIVELY COOL OVER THE SEA AND HAS PICKED UP

(Continuation Sheet)
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AIR, WITH ITS LOWER TEMPERATURES AND HIGHER
RELATIVE HUMIDITIES, DECREASES THE FIRE ACTIVI-
TY QUICKLY. MANY TIMES IT WILL BRING IN FOG
THAT MAKES GOING FIRES “LAY DOWN” AIR IN A SEA
BREEZE THAT DEVELOPS AT THE END OF A PERIOD OF
OFFSHORE WIND FLOW MAY BE QUITE DRY, HOWEVER,

BECAUSE THE RETURNING AIR FROM THE SEA HAS SPENT
ONLY A SHORT TIME OVER THE WATER.

AT NIGHT THE CIRCULATION IS REVERSED. [HE LAND
RADIATES ITS SURFACE HEAT MORE QUICKLY INTO
SPACE THAN DOES THE WATER, THE LAND BECOMES
COOLER THAN THE WATER AND SO DOES THE AIR OVER
THE LAND BECOME COOLER THAN THAT OVER THE WATER.
As A RESULT THE PRESSURE BECOMES RELATIVELY
HIGHER OVER LAND THAN OVER THE ADJACENT WATER
AND A MOVEMENT OF AIR FROM LAND TO WATER BEGINS.,
THIS OFFSHORE WIND IS KNOWN AS THE LAND BREEZE.
ALOFT A RETURN FLOW OF AIR FROM OVER THE WATER
TO OVER THE LAND COMPLETES THE NIGHT-TIME CIRCU-
LATION,

R2-6100~

5
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R2-5100—g

B) MouNTAIN & VALLEY WINDS

MOUNTAIN AND VALLEY WINDS ARE CAUSED BY THE
TOPOGRAPHY AND ARE THE RESULT OF LOCAL HEATING
AND COOLING., [HEY MAY BE DIVIDED INTO TWO
DIFFERENT BUT MUTUALLY DEPENDENT WIND SYSTEMS.,
VALLEY WIND MOVES ALONG THE LONGITUDINAL AXIS OF
FHE VALLEY. THE DEPTH OF THE VALLEY WIND IS AL-

OST THE SAME AS THE HEIGHT OF THE RIDGES ON THE
IDES OF THE VALLEY. THE VALLEY WIND IS CAUSED

Y THE TEMPERATURE ‘DIFFERENCE BETWEEN THE AIR IN
HE VALLEY AND THE AIR AT THE SAME ELEVATION OVER
HE ADJACENT PLAIN OR LARGER VALLEY., SLOPE WINDS
RE SHALLOW WINDS ON THE SLOPES FORMING THE SIDES
F THE VALLEY. THEY BLQH_UE_ﬁLQEE_BI_DAI_ANQ

.QHN SLOPE BY NIGHT. THESE WINDS ARE CAUSED BY
HE DIFFERENCE IN TEMPERATURE BETWEEN THE AIR

EAR THE SLOPE AND THE AIR AT THE SAME ELEVATION
ABOVE THE VALLEY FLOOR. SLOPE WINDS ALSO OCCUR
ON THE SLOPES OF ANY HILLS. MOUNTAINS., OR RIDGES.
ABOVE THE SLOPE AND VALLEY WIND SYSTEMS IS THE
PREVAILING GRADIENT WIND.

As WITH LAND AND SEA BREEZES, SLOPE AND VALLEY

(Centinuation Sheet)
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WINDS ARE BEST DEVELOPED WHEN SKIES ARE CLEAR ANp
GRADIENT WINDS ARE LIGHT.

THE TEMPERATURE DIFFERENCE, AND THEREFORE THE
WPRESSURE DIFFERENCE REVERSES FROM DAY TO NIGHT.,
DURING THE DAYTIME THE AIR IN THE VALLEY BECOMES
WARMER THAN THE AIR AT THE SAME LEVEL OVER THE
ADJACENT PLAIN OR VALLEY. THE WARMER AIR IS LESS
DENSE AND THEREFORE THE PRESSURE AT THE FLOOR OF
THE VALLEY IS LESS'THAN AT THE SAME ELEVATION
DVER/' THE PLAIN, THE RESULTING LOCAL PRESSURE
GRADIENT., DIRECTED FROM THE PLAIN TO THE VALLEY
CAUSES AIR TO FLOW INTO THE VALLEY AS AN UP-VAL-
| EY WIND, AT SOME HEIGHT ABOVE THE VALLEY A
RETURN FLOW CARRIES AIR TOWARD THE PLAIN. THERE
ARE SEVERAL REASONS FOR THIS DIFFERENTIAL HEATING
~IRST, THE SAME AMOUNT OF HEAT FROM THE SUN IS
USED TO HEAT A SMALLER VOLUME OF AIR IN THE
VALLEY THAN OVER THE PLAIN. A VALLEY MAY HAVE
DNLY FROM ONE-HALF TO THREE-FOURTHS THE VOLUME OF
\IR AS THE SAME AREA OVEF THE PLAIN, SECOND. THE
5LOPE WIND CIRCULATION IS AN E#FICIE&T MECHANISM

FOR DISTRIBUTING THE HEAT IN THE VALLEY., THIRD,
5

(Continuation Sheet)
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AIDS & CUES

|1 THE TEMPERATURE DIFFERENCE THE PRESSURE AT THE

THE AIR IN THE VALLEY IS SOMEWHAT PROTECTED FROM
THE GRADIENT WIND ABOVE BY THE RIDGES SURROUND-
ING THE VALLEY.

AT NIGHT THE COOLING INFLUENCE OF THE COLD SLOPEﬁ
OF THE VALLEY COOLS THE VALLEY AIR MORE THAN THE
AIR AT THE SAME LEVEL OVER THE PLAIN IS COOLED.
AGAIN THE LARGER SURFACE IN THE VALLEY OPERATES
ON A SMALLER VOLUME OF AIR, AND THE EFFICIENT
SLOPE CIRCULATION CONTINUES TO BRING NEW AIR IN
CONTACT WITH THE COLD SLOPES. As A RESULT OF

FLOOR OF THE VALLEY BECOMES GREATER THAN THAT AT
THE SAME ELEVATION OVER THE PLAIN. THIS LOCAL
PRESSURE GRADIENT FORCES THE AIR TO FLOW TOWARD
THE PLAIN AS A DOWN-VALLEY WIND. AT AN ELEVA-
TION APPROXIMATELY THE SAME AS THE RIDGE HEIGHT
THE 'PRESSURES ARE THE SAME OVER THE VALLEY AND
OVER THE PLAIN., ABOVE THIS HEIGHT THERE IS A
RETURN FLOW OF AIR FROM OVER THE PLAIN TO OVER
THE VALLEY.

R2-6100~

J

(Continuation Sheet)
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R2-61C0~

5

TO UNDERSTAND THE MECHANICS OF THE SLOPE AND
VALLEY WINDS IT IS NECESSARY TO EXAMINE THEM IN
MORE DETAIL AND SEE HOW THEY CHANGE FROM DAY TO
NIGHT. DURING THE FORENOON STRONG UP-SLOPE WINDp
DEVELOP AS THE AIR NEXT TO THE SLOPES BECOMES
WARMER THAN THAT AT THE SAME ELEVATION OVER THE
VALLEY FLOOR. THE AIR IS BEING HEATED ALONG THE
SLOPES BY CONTACT WITH THE SLOPES AND IN THE
MIDDLE OF THE VALLEY BY COMPRESSION WHERE IT IS
DESCENDING. THIS IglA MECHANISM BY WHICH THE
WHOLE MASS OF AIR IN THE VALLEY IS WARMED., AT
THIS TIME OF THE DAY THE VALLEY AIR TEMPERATURES
ARE ABOUT THE SAME AS THOSE OVER THE PLAIN, [T
IS THE TRANSITION PERIOD BETWEEN THE UP-VALLEY
WIND AND THE DOWN-VALLEY WIND.

AROUND NOON AND EARLY AFTERNOON THE SLOPE CIR-
CULATION BEGINS TO DIMINISH BUT THE UP-VALLEY
WIND IS FULLY DEVELOPED AND AT I®S MAXIMUM,

THE VALLEY AIR IS NOW WARMER THAN THAT OVER THE
PLAIN,

(Continuation Sheet)
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By LATE AFTERNOON THE SLOPES ARE BEGINNING TO
COOL AND THE SLOPE WINDS HAVE CEASED. THE
VALLEY AIR IS STILL WARMER THAN THAT OVER THE
PLAIN SO THE UP-VALLEY WIND CONTINUES,

As THE SLOPES CONTINUE TO COOL. DOWN-SLOPE WINDS
BEGIN 1/4 To 3/4 HOUR AFTER SUNSET. THE UP-
VALLEY WIND DIMINISHES DURING THE EARLY EVENING
SINCE THE VALLEY AIR BY THEN IS ONLY SLIGHTLY
WARMER THAN THAT OVER THE PLAIN,

BY EARLY NIGHT THE DOWN-SLOPE WINDS ARE WELL
DEVELOPED, AIR ALONG THE SLOPES IS BEING COOLED
BY CONTACT WITH THE COOL SLOPES, AND IN THE
MIDDLE OF THE VALLEY WHERE AIR IS ASCENDING IT If
BEING COOLED BY EXPANSION (ADIABATIC COOLING),
THIS IS THE MECHANISM BY WHICH THE WHOLE MASS OF
AIR IN THE VALLEY BECOMES COOLED, FEARLY NIGHT
IS THE TRANSITION PERIOD BETWEEN UP-VALLEY WINDS
AND DOWNVALLEY WINDS. THE VALLEY AIR TEMPERA-
TURES ARE ABOUT THE SAME AS THOSE OVER THE PLAIN,

[HE DOWN-SLOPE WINDS CONTINUE DURING THE MIDDLE

R2-6100=-

F THE NIGHT, THE DOWN-VALLEY WIND IS FULLY

(Continuation Sheet)

12/65

Vu-GrarH #12



PgGE 29

U. S. DEPARTMENT OF AGRICULTURE
Forest Service

TIME

6140

TESSON OUTLINE

AIDS £ CUES

1340

DEVELOPED., HOWEVER., SINCE THE VALLEY AIR IS MUEHj§
COLDER THAN THAT OVER THE PLAIN,

DURING LATE NIGHT AND EARLY MORNING THE DOWN-
VALLEY WIND CONTINUES AND FILLS THE VALLEY, THE
VALLEY AIR IS STILL COLDER THAN THAT OVER THE
PLAIN, THE DOWN-SLOPE WINDS HAVE CEASED.

AS SOON AS THE SUN RISES IT BEGINS TO HEAT THE
sLoPES. By 1/4 1o 3/4 HOUR AFTER SUNRISE THE

CONTINUES BUT IS DIMINISHING, SINCE THE VALLEY
AIR IS ONLY SLIGHTLY WARMER THAN THAT OVER THE
PLAIN.,

DURING THE DOWN-VALLEY WIND PERIOD THE VERTICAL
DISTRIBUTION OF WIND SPEED SHOWS A MAXIMUM JUST
ABOVE THE VALLEY FLOOR., THIS IS THE SLOPE WIND
ALOﬁG THE VALLEY FLOOR. ABOVE THAT THE TRUE
DOWN-VALLEY WIND MAXIMUM APPEARS., IHE GRADIENT
WIND IS EVIDENT ABOVE THE RIDGE HEIGHT. DURING
THE UP-VALLEY WIND THERE IS NO NOTICEABLE UP-
SLOPE WIND ALONG THE VALLEY FLOOR PROBABLY BE-
CAUSE OF tNSTABILITY AND MIXING WITH THE UP-VALLE

R2-6100-

* WIND. .

(Continuation Sheet)
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WIND SPEEDS MAY BE 10-15 MILES PER HOUR. THE
MINIMUM WIND SPEED OCCURS NEAR THE RIDGE HEIGHT
AND ABOVE THAT GRADIENT WIND IS AGAIN EVIDENT,
THE UP-SLOPE WINDS CAUSE SLOPE FIRES TO RUN
FASTER TOWARD THE TOP OF A RIDGE AND BURN IN A
NARROWER FRONT ON UNIFORM SLOPES. UP-VALLEY
WINDS TEND TO BE MORE GUSTY AND TURBULENT THAN

ABLE TURBULENCE MAY BE NOTED NEAR RIDGE TOPS
WHERE AIR CURRENTS FROM DIFFERENT DIRECTIONS
MEET, DOWN-VALLEY WINDS HAVE LAMINAR FLOW BE-
CAUSE THE AIR AT NIGHT BECOMES STABLE.

OF THE VALLEY AND BY THE EFFECT OF THE GRADIENT
IWIND., [N GENERAL, THE DEPTH OF THE UP-VALLEY
[WIND WILL BE ABOUT THE SAME AS THE AVERAGE
rlnee HEIGHT, AND THE DEPTH OF THE DOWN-VALLEY
'IND IS SOMEWHAT LESS. [HE INFLUENCE OF THE
GRADIENT WIND WILL BE DISCUSSED IN MORE DETAIL
LATER, HERE IT IS SUFFICIENT TO POINT OUT THAT

R2-6100-%
(Continuation Sheet)
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DOWNVALLEY, DURING THE DAYTIME THE AIR IS BEING
HEATED AND TENDS TOWARD INSTABILITY. CoNSIDER- W

THE DEPTH OF THE VALLEY WIND IS DETERMINED PRIN-
CIPALLY BY THE HEIGHT OF THE RIDGES ON THE SIDES
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EPLACE IS DEPENDENT UPON THE SIZE OF THE VALLEY.

WHEN A GRADIENT BLOWS ALONG THE AXIS OF A VALLEY
AND IN THE SAME DIRECTION OF THE UP-VALLEY WIND,
THE EFFECTS OF THE UP-VALLEY WIND ARE EVIDENT
WELL ABOVE THE RIDGES. WHEN THE GRADIENT WIND
BLOWS IN THE OPPOSITE DIRECTION., THE EFFECT IS
TO REDUCE THE DEPTH OF THE UP-VALLEY WIND,
GRADIENT WINDS HAVE LITTLE EFFECT ON THE DEPTH
OF THE DOWN-VALLEY WIND BECAUSE THE INVERSION %
THAT 1S PRODUCED EFFECTIVELY SHIELDS THE AIR IN
THE CANYON.

THE TRANSITION PERIOD FROM DOWN-VALLEY TO UP-
VALLEY WIND IS RATHER SHORT., USUALLY LESS THAN

AN HOUR. A FAIRLY DEEP LAYER OF AIR BEGINS TO
MOVE UP-VALLEY AND WiTHIN A SHORT TIME BUILDS

UP TO ITS MAXIMUM VERTICAL EXTENT. THE TRANS-
SITION FROM UP-VALLEY TO DOWN VALLEY WIND TAKES
PLACE MORE SLOWLY. THE SLOPE WIND ALONG THE
VALLEY‘FLOOR BEGINS AS A LAMINAR FLOW THAT DEEP-
ENS DURING THE NIGHT AND BECOMES INTEGRATED WITH
THE TRUE DOWN-VALLEY WIND.

THE TIME THAT THE VALLEY WIND REVERSAL TAKES

(Continuation Sheet)
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A SMALL VALLEY CONTAINS A SMALLER VOLUME OF AIR
AND IS THEREFORE MORE SENSITIVE TOTTHE FORCES
ACTING ON IT., THE SMALLER THE VALLEY THE

SOONER AFTER SUNRISE AND SUNSET THE WIND REVERSA
TAKES PLACE.

THE SHAPE OF THE VALLEY IS ONE OF THE FACTORS
THAT AFFECTS VALLEY WINDS. VALLEYS MAY BE
DIVIDED INTO TWO TYPES, THE U-SHAPED VALLEY AND
THE V-SHAPED VALLEY.. THE U-SHAPED VALLEY IS OLD
GEOLOGICALLY. THE VALLEY FLOOR IS BROAD AND

THE SLOPES ALONG ITS MAJOR AXIS IS SMALL., THE
VALLEY IS LARGE AND ITS SIDES SLOPE GENTLY. IT
IS IN THE U-SHAPED VALLEY THAT THE VALLEY WINDS
REACH THEIR GREATEST DEVELOPMENT.

THE V-SHAPED VALLEY IS SMALLER AND YOUNGER THAN
THE U-SHAPED VALLEY. THE VALLEY FLOOR IS

NARROW AND STEEP, AND THE SIDES RISE ABRUPTLY
FROM THE VALLEY FLOOR. THE WIND BEHAVIOR IN A
V-SHAPED VALLEY IS ERRATIC BECAUSE OF ITS ROUGH-
NESS AND BECAUSE THE PRESSURE GRADIENT BETWEEN
THE VALLEY AND THE PLAIN IS SMALL. EDDIES BECOME

R2-6100~-

QUITE IMPORTANT.,

.l,

(Continuation Sheet)
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WINDS IN THE DAYTIME AND WHEN IT IS STRONG AND
BLOWING PARALLEL TO THE VALLEY.

THE THERMAL STRUCTURE OF SLOPE WINDS DETERMINES
THEIR FLOW CHARACTERISTICS., UP-SLOPE WINDS,
BEING PRODUCED BY THE HEATING OF THE SLOPES,TEND
TO BE TURBULENT BECAUSE THE THERMAL STRUCTURE OF
THE AIR TENDS TOWARD INSTABILITY. AT NIGHT A
SHALLOW INVERSION FORMS NEXT TO THE SLOPE.
Down-SLOPE WINDS IN THIS STABLE AIR ARE CHARAC-
TERIZED BY LAMINAR FLOW. BECAUSE OF THE SHALLOW
NESS OF THE LAYER, HEAT FROM FIRES MAY BE CON-
FINED TO THE GROUND AND DRIVEN INTO THE FUELS
AHEAD, RAPID SPREAD RESULTS. AIR FLOWING
DOWNSLOPE MAY ALSO BE DAMMED UP TEMPORARILY BY
OBSTRUCTIONS AND SUDDENLY RELEASED CAUSING A
GUSTY CONDITION. DOWN-SLOPE AIR TENDS TO CHAN-
NEL, FOLLOWING THE TOPOGRAPHY

FROM THE PREVIOUS DISCUSSION OF SLOPE AND VALLEY
WINDS IT 1S EVIDENT TO AN OBSERVER ON THE

SLOPE OF A VALLEY THAT THE WIND DIRECTION RO-
TATES AS THE DAY PROGRESSES.

R2-6100~

3

(Continuation Sheet)
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R2-6100-5

' SINCE SLOPE WINDS ARE SENSITIVE TO LOCAL HEATING

POSURE IS THE PRIMARY FACTOR AFFECTING UP-SLOPE
WINDS. SINCE SOUTH AND WEST ASPECTS RECEIVE
MORE HEAT FROM THE SUN THEY ALSO HAVE THE STRONGH
EST WINDS. SOUTHWEST EXPOSURES AND CANYONS
DRAINING FROM THE NORTHEAST TO THE SOUTHWEST
USUALLY HAVE THE STRONGEST, MOST TURBULENT UP-
SLOPE AND UP CANYON PIURNAL WINDS,

c) EIRE WHIRLWINDS

THE HEAT GENERATED BY FIRES CAN PRODUCE EX-
TREME INSTABILITY IN THE LOWER AIR AND BE THE
CAUSE OF VIOLENT FiRE WHIRLWINDS .,

CONCENTRATIONS OF FUELS ARE BURNING AND A LARGE
AMOUNT OF HEAT IS BEING PRODUCED IN A SMALL AREA.
THEY TEND TO FAVOR THE LEE SIDE OF RIDGES, NEAR
RIDGETOPS, AND BENCHES ON THE UPPER THIRD OF
SLOPES . '

AND COOLING WILL ALSO AFFECT THE SLOPE WINDS. Ext

(Continuation Sheet)
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R2-6100-£

D). THUNDERSTORM WINDS

WINDS FROM MATURE THUNDERHEADS ALWAYS BLOW
AWAY FROM THE STORM. [HEREFORE, THE SAFEST AREA
IS BETWEEN THE FIRE AND THE THUNDERSTORM. THESE
CONVECTION COLUMNS WILL HAVE A SHORT LIVED, BUT
VIOLENT EFFECT ON FIRES, WITH WINDS AS HIGH AS
20 - 30 M.P.H., IMMATURE THUNDERSTORMS ALSO

HAVE THE EFFECT OF INCREASING UPSLOPE WINDS BE-
CAUSE OF THE UPDRAFT INTO THEM.

3. MECHANICAL EFFECTS OF TOPOGRAPHY.

‘A) EDDIES. As AIR FLOWS OVER ROUGH TOPOGRAPHY
EDDIES ARE CREATED JUST AS THEY ARE IN FLOW OF
WATER IN A STREAM. THE NUMBER AND INTENSITY OF
THE EDDIES INCREASES WITH THE ROUGHNESS OF THE
TOPOGRAPHY AND WITH THE SPEED OF THE WIND FLOW.

IF THE MOUNTAINS OR RIDGES ARE STEEP, ON THE LEE
SIDES, ROLL EDDIES FORM AS WIND BLOWS OVER THEM,
‘NHEN WINDS ARE MODERATE THE ROLL EDDY TENDS TO

REMAIN JUST OVER THE RIDGE OF THE LEE SIDE. WHE
WINDS ARE STROND, HOWEVER, THE AIR FLOWSIS BROKEN
UP INTO MANY EDDIES ﬁAKING THE LEE SIDE VERY

(Continuation Sheet)
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VERY TURBULENT. [HESE EDDIES TUMBLE DOWN THE
LEE SIDE AND ARE CARRIED ALONG WITH THE WIND.
SMALL BUT INTENSE LOCAL DOWNDRAFTS CAN OCCUR

WITH THE LEE EDDY.

IN ROLLING COUNTRY THE AIR IS MORE LIKELY TO
FOLLOW THE SURFACE WITHOUT AN EDDY FORMING BE-
HIND THE RIDGE WHEN WINDS ARE MODERATE. NOT IN-
FREQUENTLY, HOWEVER, THERE WILL BE EDDIES FORM-
ING SOME DISTANCE FROM THE RIDGE. WHEN WINDS
ARE STRONG THE EDDIES WILL BE MORE NUMEROUS,

B) FunneL WINDS., WIND., IN BLOWING AGAINST
MOUNTAIN RANGES, WILL RESIST BEING LIFTED OVER

THE MOUNTAINS AND RIDGES ESPECIALLY IF THE AIR
1S STABLE. INSTEAD THE AIR WILL BE FORCED

ARE KNOWN AS FUNNEL WINDS.

c) CHANNEL OR GORGE WINDS. VERY PRONOUNCED
WIND EFFECTS WILL ALSO BE NOTED IN DEEP CANYONS
OR GORGES THAT PROVIDE LOW-LEVEL PASSAGES
THROUGH MOUNTAIN RANGES.

R2-6100=-

5

(Continuation Sheet)
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| 4, INFLUENCE OF VEGETATION FOREST STAND AND
OBSTRUCTIONS ON LOCAL WINDS.
SMALL EDDIES FORM AROUND GROUPS OF TREES., Vu-GRAPHS
IN FOREST OPENINGS. AND AROUND OTHER OBSTRUCTIONE. 208 21
REFERENCES FOR THIS SUBJECT ARE PAGES
86 - 126 (cHAPTERS 6 & 7) IN "FIRE WEATHER"r
1355 QUESTIONS?
R2r6100-£
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‘l' ' U. S. DEPARTMENT of AGRICULTURE ‘ll'

Forest Service 6140
INSTRUCTOR'S LESSON PLAN -
SUBJECT: _ Fire Behavior INSTRUCTOR: E, M, "Sonny" Stiger
TITLE OF LESSON: Fuels and Fire Behavior gﬁ;g NO:
LENGTH OF LESSON: 2 hours and 10 minutes : NO. ASS S: None

METHOD OF INSTRUCTION: Lecture
PLACE: Rocky Mountain Forest and Range Experiment Station

TRAINING AIDS: Overhead : el _slide

NUMBER IN AUDIENCE: 50-60 : prajector
OBJECTIVE: Trai - 3 3
fire behavior and be better able to predict fire behavior of fires burning in
various fuel complexes, (I i
TIME LESSON OUTLINE AIDS & CUES
1420 INTRODUCTION

The title of this lesson is fuels and fire behavior,

What aspect of fuels do you look for when you arrive at
the s¢ene of a fire? Since you people have been on
fires, or you wouldn't be here, you have sized up the
fuel situation possibl¥ without realizing it.

Let's take a hypothetical case to illustrate this point:
You arrive at a fire, it is burning hot, the temperature
is about 85°, relative humidity about 10, the slope is

45°, the last weather forecast was for continued hot

and dry.

Would you sound the general alarm before first considere
ing the fuel situation? No. What if the fuels were so
scattered that heat or flame would not possibly spread
from one fuel patech to the next,

But under the same conditicns it would be an entirely
different story if the fuel was continuous.

Fuels must be sized up so that you can better determine
the number of men needed, the kind and amount of
equipment needed, the placement of your men and
equipment, as well as the safety of your people.

You have done this instinctively, but now we want to
look at the WHY of fuels and relate it to your common
sense and practical application on the ground,

R2-6100-5 “
12/65



TITLE > :
ITLE OF L')ON Fuels and Fire Behavior .

TIME

PAGE 2

LESSON OUTLINE
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10 min,

The first thing you think about on a going fire is retting
the men and equipment in to put the fire out, You must
size up the entire fire problem, Fuel is just one facet
of the problem, With this discussion on fuels, I hope

to make this facet of the problem even more instinctive

in your judgement,

Just about everything we're going to talk about can be
evaluated by using horse sense, but errors in judgement
can be costly, and even more important, dangerous. I was
impressed at the school in Maranz by the rather insignificant
fire situations that resulted in deaths of fire fighters,
It brought home the point to me that we must get this fire
behavior knowledge down to the crew bosses.

Relate the case of 10 "Hot-shot" crew members burned to
death on Loop fire in California and how this relates to
fuels,

So what do you look for concernirz the fuel situation so
that you can:

1., Base all actions on current and expected behavior
of fire, and

2. Have escape routes for everyone and make them known.

n;u.ﬁjfﬂ}-yu_ (LO/67)
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DEVELOPMENT

Forest fuels, in general, do not change over long reriods
of time, except by timber harvest or fire, or cther
catastrophe, such as a four lane highway, Any given area
will have much the same fuel each fire season, Any change
in the overall fuel complex will be very gradual,

During the course of a year, however, the individual fuel
properties will change with the se=asons, due to the changes
in weather, Even this change will be rwch the same from
year to year,

Fuels of the same general type will have different character-
isties from place to place, In - fuel such as forest litter,
no two square feet will be alike =ither up and down (ver-
tically) or across (horizontally),

Many of the problems of predicti-ns forest fire behavior
come from being unable to really measure and understand
the variable characteristics of forest fuels.

1, Fuel Type Classification

First, let's discuss the only real measure we have and
its weaknesses, then relate fuels to the principals we
can understand and apply to practiecal situations,

You are all familiar with fuel type clnssification. In
order to better understand and better relate fuels to each
other it is necessary for us to classify or type them,

We do this by estimating the rate of spread of a fire
through the fuel and the resistence of the fuel to control
of a fire burning in it, :

This classification is based on the average worst burning
conditions (a hot, dry, breezy, late summer afternoon) is
assumed, Effects of topography is not considered at this
time.

Four classes are used for rate-of-spre~d and resistence to
control, Low, Medium, High and ‘vtrem-,

Flip chart No, 1
Fuel type map of
District,

2-6100-4u (10/67)
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Grass, for instance, would be rated EL for extreme rate-of=-
spread and low resistence to control,

A slow burning fuel but difficult to control would be rated
LE or low rate-of-spread and extreme resistence to control,

A medium burning fuel MM, etc,

This is useful in fire control plannins but it has many
weaknesses when you have to predict the behavior of an
individual fire,

1. The rate of spread and resistenze to control do not
always change alike when burning conditions change from
the assumed conditions (The hot, cry, summer afternoon.)

2, Small areas in a general fuel type may vary widely
from the over all classification.

3. Seasonal and daily changes may cause a fuel to
differ from the previously assigred typs classificetion.

So if we are going to try to precict tha behavior of a
fire, whether a wildfire or a preseribed burn, we need more
specific information about fuels than the fuel type will
give us,

You want to know haw a particular fuel camplex on fire will
behave on a given day under giver conditions, That fire

on that day will depend on previous and current fire
weather, topography, slope, aspect, etc,

17-H100-1
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2, Fuels and Rate of Spread

Let's study more specifically, fuels and related rate of
spread.,

In order to plan your control actions you want to be able
to estimate how fast a fire will spread, We are not going
to discuss weather and topographv, important as these
influences are, but rather, stririly the relationship of
fuel to the rate of spread,

A, Size

We know that a fire will start more easily in small fuels.
The rate of spread is also faste in srall fuels. You
know this, but why is it faster? The smaller the fuel

the more surface area it has to dry and gain heat., Larger
fuels dry more slowly and stay relatively cooler. *So -
the size of the fuels affect the rate of spread.

Therefore, we can say that the srread of surface fires is
largely a factor of the presence of fine, flashy fuels
that can be ignited readily and release heab rapidly., Or,
put another way, the rate of ener:y relesased is rapid,

B. Arrangement

But, although a fuel may be of a size for fast burning,
the way it is arranged may counteract this,

What do we mean - arrangement?
Closely packed fuels may keep air from getting to the fire

and consequently the fire will burn more slowly, The old
fire triangle,

Conversely, if a larger, slower burnin~ fuel is spaced
(or arranged) so air can readily pet to it and yet
individual fuel pieces are close ~nough together so that
heat from one piece will easily :irnite another, the fire
may spread faster than in smaller but rore densly matted
litter and duff,

You have all seen how smoldering 'itter when fluffed up
quickly ignites into flame,

Flip chzrt No, 2
Fase of isnition
small and larre

fuel,
*Overhead projiecto:
slide IV-4 (%)
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QUESTION: In 1light of the above, will newspaper burn
faster than dry boards under equal conditions of mcisture?

ANSWER: It depends on the arrangement and relative
compaction of each,

Relate the analogy of Storm Mountain cabins where after
all had burned a tightly rolled bundle of newspapers still
remained with only the outside layer ecorched,

Fuel spacing or arrangement also effects the heat transfer
process. The more closely spaced the fuel is, the harder
it is for convection transfer of heat.

The wind or draft cannot bend the flame through the fuel bed

to reach new fuel.

We can say then that the arrangement or spacing of the fuels

affects:

(1) Oxygen supply
(2) Availability of new ignitions, and
(3) The heat transfer process

AND

Consequently, the rate of spread,

C. Fuel Moisture Content

Fuel moisture content is perhaps the most controlling on
the rate of spread and ease of ignition.

It is expressed in percentage, computed from the weight
of contained water @ivided by the oven dry wéight of the
fuel,

*Atmospheric moisture is a key element in fire weather and
it has a direct effect on the flammability of forest fuels
through fuel moisture,

*Flip chart No, 3

Figure 4, page
42 ,2--2 Firemans HB

R2-6100-54 (10/68)
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Prolonged periods with lack of clouds and precipitation
(both seasonal and over several wsars) set the stage for
severe burning conditions by, .

1, increasing the availability of dead fuels and,

2. depleteing soil moisture, necescary for the normal
physiological function of living plants and, thereby, the
fuel moisture in both dead and living plants.

Severe burning conditions are not erased easily. Extremely
dry forest fuels may undergo superficial moistening by rain
in the forenoon, but may dry out quickly and become flam-
mable again during the afternoon.

By the same token, the reverse is true in that prolonged
periods of cloud cover and moisture both seasonal and over
several years has the reverse effect on fuel moisture.

*Let's look at some seasonal fuel moisture variations,

Forest fuels which are wet may burn if enough heat is
applied, but generally the fire will not spread far or fast.

We know this, but WHY?

It is nearly impossible for the fire to generate enough
heat to both turn the water held in the fuels to steam,
plus heat the fuels sufficiently for the necessary vapors
and gases to be given off and ignited. In this process
the steam given off may be enough to smother the fire.

Fuel moisture also determines fuel availability which we
will discuss later,

*As dead fuels dry from the time they were last wetted,
the fine fuels dry first, often in hours or even minutes,

The small fuels, such as tree limbs and the stems of
brush dry at a slower rate than fine fuels,

The larger fuels (large limbs, lo-s, etec,) take much longer

to dry.

*Flip chart No, 4
Page 191, Fire
"leather HB 360,

*Overhead projector
slide IV-A (7)

Flip chart No. 5
Page 193 Fire
“leather 1B 360,

7-6100-54 (10/63)
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Let's discuss this in terms of what it means to you.
Remember we relate fire danger, or burning index, to
average worst burning econditions, We take the fire danger
reading at 1300, but* look at how it varies on a typical
mid-summer day,

*Fuel moisture is an integral part of your fire danger
computations,

When you estimate the behavior of a specifie fire, you should
relkate the fire danger reading (burning index and spread
index) measured at the fire weather station to the probable
index at the site of the fire,

Under critical fire weather conditions, it is often advise-
able to measure fire danger at more than one time during
the day.

Fires in different fuel types will necessarily then behave
differently at different times of the day.

Fires in flashy fuels, such as dry grass, will begin to
spread rapidly at a much lower fire danrer and earlier in
the day and season than in heavy fuels.

Once the fine fuels have dried sufficiently for fire to
burn them readily and they are ignited, they will provide
heat which will dry the small fuels,

The small fuels are then ready for ignition and spread of
fire and the process continues on through the larger fuels.

You have realized this principal many times, Why do you
instruct your nozzel men to direct the spray at the base of
the tree or at the smaller fuels underneath the larger logs?
Not because the smaller fuels are the only ones burning at
the time, but because by dousing these fuels you have
eliminated the heat source that would cventually or maybe
has already started to ignite the large fuels.

*Flip chart No, 6
Fig. 26, page 42,
Fire behavior in
Northern Rocky

Mountain Forests.

*Flip chart No, 7,
page 192, Fire
Wleather HB 360,

7-6100-54 (10/68)
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As stated, outside of actual precipitdtion, the moisture
in the air is the main factor controlling fuel moisture.

Forest fuels absorb moisture from the air easily., ‘he

-smaller the fuel the easier moisture is absorbed,

Fine fuels, litter, and grasses, for instance, change
moisture content rapidly and in considerable degree when
the air changes from dry to moist and vice versa,

*In contrast the moisture content of lerge fuels vary
slowly and in lesser amounts with changes in air moisture.

Therefore, this important principal., Since the fine fuels
present in an area largely control the spread of fire, and
since the fine fuels are particularly responsive to changes
in air moisture, it follows that air moisture and fuel
moisture are important considerations to you in predicting
the spread of the fire,

*Flip chart No, 8
page 190 Fire
Uleather HB 360
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D. Fuel Continmity

The amount of fine fuels, This leads nus logically into
the next facet of the fuel complex related to rate-of-spread,

I have often felt that the reason we do not have large
conflagrations on the eastern slope in this area is because
we lack the abundance or continuity of #rass and under
growth such as in the Black Hills and other parts of the
region,

You. should then size up fuel continuity and quantity of
both large and fine fuels when you arrive at a fire, whether
as initial attack or on your sector or division on a large
fire, This, we will look at next,

As we have indicated, continuous easily burnable fuels will
spread rapidly and heat the larger fuels to ignition
temperature, Nothing illustrates this better than a. fire
burning in slash when burning condition: are right and

the slash is uniform and continuous over the area,

On the other hand, fire in highly burnalle fuels occuring
in patches and separated by fuels such as green grass or
green brush will not spread rapidly from pateh to patch,

If the connecting fuels were dry grass and dry brush the
fuel available to the fire would be continuous and rapid
spread would result,*

We must also consider the continuity between ground fuels
and aerial fuels,

Easily burnable ground fuels in forest zreas in which there
is a clear break between ground and aerial fuels are not as
dangerous as smaller amounts of ground fuels where the fuels
are a continuous bridge up into the crowns of the trees,*

We can say then that even easily burnable fuels nced not
concern you as much if they are notl continuous,

*Qverhead orojector
slides IV-A (2) &
Iv-A (3).

*Flip chart No, 9
depieting relation-
ship between sround
and aerial fuels,

7-6100-54 (10/67)
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E. Fuel Quantity

It is difficult to classify and measure in a way that would
help us in fire control, the quantity or amount of fuel in
any given area. This factor is extremely variable,

First of all, you run into how much of the fuel on zn area
is available for combustion,

Available fuel is the quantity of fuel that actually burns
in a forest fire,

The amount of fuel available for ~ombustion is often
determined by interior moisture gradients.

What is a gradient?
Simply a difference expressed as a rate of change,

There is one moisture gradient between the fuel and the
air, another between the fuel and the soil, and still
another between the top and bottom of the fuel bed itsolf.

This determines fuel availability aside from the actual
physical quantity,

In some cases, for example, fire may only skim lightly
over the surface; in others, the entire dead fuel volume
may contribute to the total heat ontput of the fire,

*Let's look at this slide of the fuel components.

It appears that the quantity of fuel is high, but remember
that even in fuels of the same total amount, the quantity
of available fuel will vary widely due to differences
primarily in fuel moisture.

Here again, we must go back to fuel moisture., If the
fuel moisture content were low this entire fuel complex
might be available for combustion which makes the quantity
of fuel available much more than if the fuel moisture
were high,

*Overhead projector
slide IV-4 (1)

7-6100-Y4 (10/65)
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You can be confronted with any combination of these fuel
components that will make up varying derrees of physical
fuel quantity.

Therefore, with all of the many and varied factors we have
dicsussed comes the difficulty in pre-classifying and
mapping amounts of fuel so you can have a ready reference
when a fire report comes in,

How much is there?

It depends upon how much is available to burn at any given
time,

Total dry fuel weight per unit of area ‘s possible but
expensive, to obtain and it is orly menaingful when it is
related to some classification by Fineness, compaction,
location and arrangement, *

These factors of quantity are very hard to express in units
of weight or volume,

But you've got your eye and brain, which combined, make
up a pretty good computer of the way a r~ertain fuel on fire
will behave under certain conditions,

The next time you go into the fieid don't just look, but
see what we have been talking about,

Most of you can study areas, in fuel types with which you
are familiar and give a relative indication of fuel quantity
such as, this place has more fuel than that place, and

the more fires you have seen burn in particular fuel types
the better your judgement will become on the effect of
fuel quantities on fire behavior in each fuel type under
varying conditions of weather and topography.

Generally, we can say that the more dead, dry, fuel on an
area, the more intense the fire, the more fuel that will
become involved (available fuels nd this will in turn,
influence the rate-of-spread.

*Orerhead projector
slide IVa-A (83

(7-6100-Y5 (L0/67)
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Up to this point we have discussed:
1. Fuel type classification and its weaknesses,

2. The relationship of the fuels tn the rate of spread
of a fire,

QUESTION:

What fuel factoms, that we have discussed, relate to rate-of-
spread?

a, Size of fuels

b. Arrangement

¢, Fuel moisture

d. Fuel continuity
e. Fuel quantity

1520 Do you have any questions concerning fuels and rate-of-spread?

STRETCH BREAK

(2-6100-4y (10/67)
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3. Fuels and Resistence to Contrecl

Let's now look at the relationshir of faels to resistence to
control of a fire.

Resistence to control is affected by tonography, ease of
digging the soil and fatigue of fire fishters and/or
breakdown of machinery.

We are only concerned with the fuel factors in this par-
ticular presentation,

A, Fire Intensity

You have all had the experience of trying to fight a fire
that was spreading rapidly throueh heavy, fast burning
fuels and not being able to work close to the fire because
of the heat,

This experience certainly illustrates that the intensity of
a fire, which is directly related to the fuels available to
the fire, is a major factor in the resistence to control of
a fire,

Fire intensity can be described as the amount of energy
produced per unit of line, Current fuel moisture and
cumulative seasonal fuel drying are closely correlated to
fire intensity.

Fires burning in light fuels do not build up a great deal
of heat and, other factors being equal, will have a low
resistence to control.

You have worked on fires in cheat srass or other fuels
where you could scratch in a very narrow line right next
to the fire edge and effectively stop tihe spread.

You have also worked on fires in heavy fuels, such as
logging slash, or even light fuels such as dense brush-
fields, where the fire was so intense that it was necessary
to build the control line back away from the fire edpge and
burn out or possibly back fire to keep ‘he intense heat of
the fire away from the control 1li:=,

Carousel projector
slide 1,

Carousel projector
slide 2,

t7-6100-54 (10/67)
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Anytime a factor of fire behavior dictates to you a course
of action, then it becomes pretty important. Thererore,
fire intensity becomes one of the more important factors
you must consider in predicting fire behavior and planning
control of a fire.

B, Fire Persistence

Fire persistence is related to fire intensity, What is it?
In the cheat zrass example there is a direct relationship
between intensity and persistence.

Onee-the fire is cut off from new fuel it dies out quickly,
in other words, it does not persist,

But, you can all think of other low intensity fires which
are quite persistent, such as fires in rotten forest litter
or fires in saw dust piles,

The intense fire in heavy slash would be very persistent
due to the la rge amount of fuel svailable after the fire i §
cut off from new fuels,

Think of the grass fire that burns out almost immediately, |Carousel projector
then think of the slash fire that can burn for days causing |slide 3.

many days of mop-up after the fire spread is controlled, + ey
slide &4,
This persistence then is a factor of fire behavior
prediction that you must allow for and evaluate closely,

A persistent fire presents a constant threat of ignition
of new fuels,

A brush field fire of high intensity presants a different
problem, While the fire may be intense, depending upon
fuel moisture, ete. , it dies down rather quickly when

it is cut off from new fuels, but the fire may have only
burned off the leafy fuels and ir the process dried the
stems and branches so that the brush ficld is ripe for a
reburn,

t7-6100-4y (L0/67)
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This, then is a different type of fire persistence., You
can probably think of other exampiss of fire persistence,

C. Physical restrictions

Fuels have another obvious effect on resistence to control.

This is their physical size, arranzement, continuity and
quantity which directly affect th- ease of control line

construction, Carovsel projector
5lide 5.

Fine fuels such as grass and litter are generally easy to
build control line through, while larger fuels like brush
and small trees are tougher, logs and snags, tougher yet,
and are probably the most difficult fuels to build fire Slide
line through.

N

But remember that these general ohservaiions are always
modified by the arrangement, quantity, continuity and
complexity of the fuel bed,

I've discussed three primary ways that "uels affect resisterjce
to control,

GUESTION:

What are these three ways?
(1) 1Intensity of the fire,
(2) Persistence of the fire,

(3) The amount of direct resistence of the fuels to
line construction,

ke-6100=4: | L0/ 67)
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4, Special Fire Behavidr Factors in Fuels

A, Fuels and Crown Fires

So far we have been relating most of our discussion to
surface fires,

But, all of the fuel factors that affect surface fires are
significant in the behavior of crown fires as well,

In most cases, crown fires stem from initial surface fires
and in most cases depend on surface fire below for any
sustained runs.

Fuel conditions which give hot surface fires are, therefore,
the first key to potential é¢rown fire davelopment,

Let's define crown fire right now,

CROWN FIRE: A fire that advances from top to top of trees
or shrubs more or less independertly of the surface fire.
Sometime crown fires are classed as either running or
dependent, to distinguish the degree of independence from
the surface fire, See "Crown Out".

CROWN OUT: Fire burning principally as a surface fire
that intermittently ignites the crowns of trees or shrubs
as it advances,

Let's differentiate between these two in our radio
conversations on a fire,

In order for the fire to get into the crowns, it is
necessary for the fire to heat the fuels in the crowns to
ignition temperature, Since the temperuture of the
convection column of the fire drops quite rapidly above the
flame zone, we can see that there must he a very intense
or a very persistent surface fire to develop the necessary
heat.

Small openings in continuous canopies are sometimes the
beginning place for crowning, They provide natural chimneyg
that may accelerate the burning rates of surface fires
spreading into them. The trees around these openings often

Carousel projector
slide 7,

Slide 8.

Flip chart No, 10
opening in canopy
actual chimneys.

have both full erowns and lower limbs which are closer to °
the surface fuel. :

K2-610
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The more continuity there is between the ground and aerial
fuels the less heat is needed to bridge the gap, This is
vertical continuity,

Whether a forest canopy is open or closed has a definite
bearing on whether a crown fire will spread. This is
horizontal continuity.

But a closed canopy will generally keep surface fuels more
moist and cooler than that which is expcsed to the sun.

Surface fires will burn with less rigor under a closed
canopy given the same conditions ~therw: s~ than a surface
fire will burn in the open under =n oper canopy.

While the surface fire will burn more vigorously under the
open canopy, the tree crowns may riot be close enough for
the fire to travel from one to tho other and an open canopy
will also allow more wind to reach the surface fire,
bending the flames away from the tree crowns,

To support a crown fire then, we ~-an say that a canopy
open enough to permit appreciable wind to blow through
the canopy and yet dense enough to support continuous
flaming without repeatedly dropping to the ground, is
needed,

Look 'em over then on the next fire and evaluate this
potential,

The next lesson on topography will cover effects of slope
on sustaining a crown fire, But it should be pointed out
that under severe weather conditions, a crown fire can
develop on relatively flat ground and even downhill,

(If time allows, relate the Pass Creek incident.)

Carousel projector
5lide 9,
51lide: 10,

k2-6100-54 (10/62)
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B, Fuels and Fire Spotting

Most fuels will produce embers capéble of starting spot
fires under the right conditions, BUT, there are some fuel
distinctions that we should make,

Flash fuels are usually limited to only short distance
spotting because they burn up and cool ‘juickly,

Larger embers burn for longer times with flame or glow, but
as size increases so does weight., The heavier the embers
the less chance of them being carried through the air,

The most likely materials for distant srotting are either
exceptionally low in density, (such as rotton wood and

bits of bark of some specie) or shaped with airfoil charactep-

isties enabling them to sail when 2ir borne (such as leaves
and, again, some bits of bark of nther specie.)

The nature of the fuel on which the embers land and the
moisture content of those fuels is one of the major factors
affecting the start of spot fires,.

We can probably say that most spot fires are started by
smoldering or glowing, rather thar flaming embers,

This means that we can expect spot fires to start in fuels
which ignite by conduction, such as rotton wood and duff,

Snags are both prolific producers of spotting embers and
frequent receivers of them, This you know from experience,
and it should be pretty clear what your actions should be
when confronted with snass on a fire.

Flip echart No. 11
Spotting materials,

Flip chart No., 12
Fine fuel moisture
related to spotting

12-61 r)r}-—{'):-j, ( 1 r)/()pa )
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5. Fuels and Fire Control Plannins

Let's consider now the effects of fuels on fire control
planning.

#hen we make plans for protection of an area from fire, we
think primarily of two things,

1. The risk of occurance of a fire, and,
2. The probable size a fire in apt to become under
varying conditions once it is started.

The fuels then in the planning area become an important
factor,

When you examine the fuel of an arca for risk of fire starts,
it is usually advisable to consider the types of fire brands
it is likely to be exposed to,

Rotton logs, rotton stumps and exposed lower duff are
likely starting points for fires “rom hot objects, They
do not have to be flaming, (Such 2s pire heels or carbon
sparks and possibly even defective mufflars, )

Litter and standing grass are more likels to be ignited
by flaming objects,

The fuel surface temperature and cryness determine the
ease of ignition for both hot and flaminz objects, but
surface temperature is less important in the case of the
flaming fire brand,

A review of statistics of large numbers of fires show that
the greatest number of fires occur in fuels which are
classed as flashy, for the reasons we have discussed,

When we consider the size of a fir= in relation to the
fuel it occurs in, we find that there ic less difference
in the size of a fire from discovery to ~ontrol in fuels
with low rates-of-spread than a hi-~h-rate-of-spread,

*In other words, the biggest fires occur in fast spreading
fuels,

Now, legt's make an obvious deduction fron statisties that
the most dangerous and destructive €ires frenerally occur
late in the fire season, due to the prosrescive drying of
forest fuels, '

*Flip chart No, 13.

R2-6100= (1L0/67)
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*The burning index is an indication of this seasonal drying,

*This slide indicates the precent of fires reaching class
C or larger size according to material first ignited.

At first glance it would tend to contraiict some of the basic
principals we have discussed,

But, upon further study you can s=: thal it actually
supports our conclusions,

For instance, fires starting in slash are more likely to
create the la rgest fires,

Even more than those starting in grass.

Now some of the grasslanders might arpuc with you, but
remember, this is overall average:,

We have said that the rate of spread will be greater in
grass than in heavier fuels, But now you must besin to
combine all of the prineipals discussed.

No, 1, In order for a fire to start in slash, it must
be pretty dry and late in the season.,

Therefore, if it is dry enough for the jnitial start to
take place in slash you have a potentially serious
condition on your hands right off.

No, 2, Remember arrangement, quantity of dead fuels and
continuity.

Arrangement in sglash fields are such that air can readily
reach the fuels,

Quantity, depending upon the type of cu*, you've sot
plenty of dead fuel - Fire intensity,

Continuity, in most cases the limits arn the size of the
cut over area,

With this in mind, I think the slide pretty well tells the
story,

These considerations of the risk of ignition of fuels

and effects the various fuel compcnents we have studied
have on the average size of fires, indicates where our
efforts whould be directed in plariing for fire protection,

*Overhead projecto
Slide IV-A (5)

*Overhead Projecto
Slide IV-A (4)

t2-6100=-54 (10/67)
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SUMMARY

We have discussed fuels and fire behavior at some length,
emphasizing size, arrangement, moisture content, continuity,
Quantity and fire intensity and persistence related to

ease of ignition, rate-of-spread and resistence to control.

Ve have discussed these factors from the standpoint of
safety, proper utilization of manpower ind equipment on
going fires as well as in pre-attack planning,

I believe that you can more clear!y see the complex nature
and relationships between the man: fuel components,

The forest officer concerned with orediction of the behavior
of a going fire must consider many thin~s about the fuel
complex,

This will be you at one time or another whether you are
in charge of initial attack, assicned a line position on
a large fire, or as a line locator or scout,

You must do this based on your own experience or the
experience of others in similar fuels, At the present
time there are no systematic methnds of measuring the fusl
complex,

Forest officers with fire control responsibilities must
depend largely upon their personal knowledge of these
principals and good horse sense in order to predict how
fuels affect fire in total, how they differ between each
other and how they differ with time,

The faster the rate of spread and the greater the persistenc#
the more men that will be needed to control the fire,

A high resistence to control will require different tools
than a low resistence to control,

A hish rate of spread and fire intensity in a particular
fuel will have a bearing on whether Jon will employ direct
or indirect control and where you -:i11 1scate escape routes,

The many other combinations v111 remire all of your
knowledee of fuels to do the best ‘ob,

Flip Chart No, 14
Listing of points
covered,

12-6100-54 (10/62)
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Nert summer, when the fires start, make a special effort
to evaluate the fuels in the context th:t we have discussed
and relate how the fire behaves to what you have learned,
1620 As they say "THE LIFE YOU SAVE MAY BE YOUR OWN"
1640 Questions?

t2-6100-4: (10/62)




. Fl’ﬂhart No. 1

(FUEL TYPE MAP OF DISTRICT)

Rate of spread and resistance to control under average worst
class of day.

1. Rate of spread
(chains per hour)
Low 1 - 10
Medium 11 - 20
High 21 - 40
Extreme 41 plus

2, Resistance to control
(chains per man-hour)

Low 5 plus
Medium 2.6 - 5.0
High 1.1 = 2.5

Extreme 1 or less
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MOISTURE CONTENT=
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SEASONAL VARTATION IN FUEL MOIST!RE

FULLTIMBER ~—
J CLEAR CUT g RN

SPRING SUMMER FALL

Logs under a forest canopy remain mare m-ist through the ceasen
than those exposed to the sun and wird, These eurves are 13 year
averages for large logs of A=, /=, and B. inch diametor,



Variatior in fuel Moisture After Precipitation

INCREASE TN MOISTURE CONTENT el

12 inch LOG

SEieks «' = - w -

Before Day of

'EPrecipitation Da''s After Precipitation

Measurements of the moisture c ntents if different sizes of fuels’
before, during, and after prec~ipitation show that larger fuels,
such as logs, are slow tc rear’ to boith wetting and drying.
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VARTATION IN BURNING INDEX ON £ TYPTCAL MID-SUMMER DAY

. i 2
Mid- 0400 0800 Neon 100 noo )
? iy 600 2000 Mid-

night
TIME OF DAY




MDISTURE CONTENT (PERCENT)

. ; Flip

15

NORTH SIOPR

SOUTH SLOPE = = = = =

' N
00 n600 1200 11.5?)?)
TIME OF DAY

Variation in fuel moisture throughout the day in
relation to aspect. ;
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SEASONAL VARIATION IN FURL MOIST'IRE OF LARGE L0753

PERCENT MOISTURE

CONTENT
10 Bl
T e
P
0"1’0 : ‘t.‘..
hoco [FCAE
0-60
-

A large log, wet from winter percipitation, dries through the summer from
the outside in, In the fall, as rains begin -nd temperatures and humidities

moderate, the process is reversed and th» lor begins Lo take on moisture
from the outside in,
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Small openings in continuous canopie-

These openings act ar na

for crowning,
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1, SIZE
2, ARRANGEMENT

;. . 3. MOISTURE CONTENT
1 . 4, CONTINUITY
| 5. JVANTITY

6. INTENSITY
7. PERSISTENCE

RELATED TO
A. EASE OF IGNITION
B. RATE-OF-SPREAD
C. RESISTENCE TO CONTROL

FIRE BEHAVIOR
A, SAFETY
B, UTILIZATION OF MANPOWER AND KUTPMENT
C. PRE-ATTACK PLANNING
D, GET THE F’IRE our
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PERCENT OF FIRES REACHING CLASS C OR LARGER SIZE :
ACCORDING TO MATERIAL FIRST IGNITED
NATIONAL FORESTS, R-1, 1931-1939
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vsoa-remseic @y [NSTRUCTOR'S LESSON PLAN @

couRse _Intermediate Fire Behavior INSTRUCTOR __Lloyd D. Todd

Lesson _Topography and Fire Behavior FILE NO. 5100

START & STOP TiMEs _ 0800 - 0900 NO." ASSISTANTS _~====

METHOD OF INSTRUCTION _Lecture with aids NO. IN AUDIENCE__50 - 60 ;
PLACE Fort Collins, Colorado TRANING AIDS View Graph and Easel

DATE _March 16-18, 1971

OBJECTIVE__Provide Trainees with the background for evaluating the
effects of topography on fire behavior so that they may do & better job
izing up a fire and planni strat i
fimé e ¢ PiEsSON "GurtinE ™ V< 8Y - AIDS & CUES

0800 [I. Introduction: 1In the next hour we will cover

the second leg of the fire triangle, "TOPOG-
RAPHY". Topography has an effect 'on the
climate of small areas, the current weather,
the physical motion of fires and the barriers

that may effect fire spread.

Let's take a look at page 15 in the R-2 Fire
Line Notebook to see how Topography fits into

the factors to consider in calculating proba-

bility.

GPO 859-227 R2-6100-5 (Rev. 6/70)



TITLE OF ],ESS%

Topography and Fire Behavior

TIME

LESSON OUTLINE

FACTORS TO CONSIDER IN CALCULATING PROBABLITIES

Temperature: . 3 . . 1
Humildidoy. oo S ah R,
WERQ S 73 e e e e s
FPuel Molpturs' [ .. . .

TOPOBFAPHRY <0 o o ariat o

Exposure as it affects. .

are LIy RE e ol e e

17w o o AR e e

Hisbtory of Hire S . .. .. .

to date and tfore-

cast.

slope in percent,
qpproximate;
general character;
effect on wind
movement; soil
formation.
temperature; humid-
ity; fuel moisture;
convection cur-
fents.

in which fire has
burned; in which
fire is burning;
ahead of fire.
natural; artifical.
from origin to
date; knowledge of
how past fires be-
haved in the same

or similar areas.

View Graph #1

[t2-6 1

O0=Y (10/67)
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IT. Development

A. Aspect (Exposure) View Graph #2

Aspect describes the direction in which a

slope faces.

Factors that illustrate typical variations
caused by aspect on a summer day at noon

with a clear sky:

Factors South West North East

Amount of

Available 100% 80% Lo% 60%

Sunshine

Temperature Modérately Moderately

Air-Fuel-Soil High High Low Moderate

Fuel Volume Light- Mod. light Heavy-dense Mod. Heavy

and Type sparse Mod. flashy Slow burning Mixed
flashy

Air Moisture Moderately Moderately

and Fuel Low Low High Moderate

Moisture

(2-6100-54 (10/67)
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" TIME LESSON OUTLINE AIDS & CUES
Effects of aspect on ignition rate
(occurrence) and size of fire. (Based on
a study of more than 21,000 fires.)
% Fires
Ignition Class C
Aspect Ratio or Larger View Graph #3
Northwest 1590 3.6
North s L
Northeast 1.2 3.4
East 1.3 3T
Southeast X3 5.0
South L. T 6.8
Southwest 1.6 T2
West B b7

ke=6100=5a (10/67)
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00 U
TIME LESSON OUTLINE AIDS & CUES
B. Elevation

Two broad factors - elevation above ses

level in relation to surrounding country.

Elevation above sea level influence these Question
factors: Trainees
General climate of area - snow melt dates Replies

- types and volume of fuels - stages of on easel

vegetation growth amount of precipitation
- length of fire season - severity of

daily and seasonal fire danger.

Average surface tempcrature correction =

L degrees per 1,000 feet.

Average surface humidity correction = 2%

per 1,000 feet.

Latitude is also a governing factor.
Example: The North-south distance in
State of California causes a climatic ef-
fect on vegetation comparsble to about

L,000 feet differencs in rlevation. Tn

12-6100-5a (10/67)
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the north, Ponderosa Pine yield to fir and
high elevation pines at about 5,000 feet.
In soufhern California the Ponderosa Pine
rarely grows below the 5,000 foot eleva-~

tion.

Elevation in Relation to Surrounding

Countrl

Mountain tops and valley bottoms in areas
having continental climates have differ-

ent burning conditiors as follows:

Valley bottoms - days - heated air rises View Graph #k
- 8 a.m. to 8 pm. most dangerous fire

conditions.

Mountain tops - nights - heavier cold air
drains into valley - higher night tempera
ture - fire danger hirher - fires may be

more active than in valley.

(2-6100=-5s (10/6%)
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The Thermal Belt is generally situated in

the middle of major mountain slopes and

has four principal characteristics:

1. Zone of maximum temperature at night, View Graph #5

2. Highest mean temperature.

3. Lowest average relative humidity dur-
ing 24 hour period.

L. Lowest fuel moisture of any zone.

C. Combined Effects of Aspect, Elevation and

Period of Day

Using spread index as a measurement of
fire behavior, the following comparison

can be made between slopes and valley

bottoms:
Elevations North Slopes Sopth Slopes
Lower Elevations S.I. lower all periods S.I.|slightly higher
than at valley bhottom all beriods, except
stations. durifhpg evening trans-

itionpn SI is about

same|as valley bot-

tom.
K2=6100=L (10/65
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TIME LESSON OUTLINE AIDS & CUE.
Thermal Belt S.I. lower during day. S.I.|is higher at
S.I. higher at night. all {times than at
Same as valley bottom any pther elevation.

during evening trans-

ition.

Upper Elevations S.I. lower during day. S.I.| lower during
S.I. hiecher at night. day pnd during eve-
About same as valley ning| transition.
bottom at morning S.I.| higher at night
transition. and during morning

trangition.

Some Exceptions

The foregoing "rules of thumb" concerning
effects on the topographic factors of
aspect and elevation have some notable

exceptions:

L1

k2-6100=4y (10/65)
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Pacific Ocean and the westerly winds

creates a marine climate along the Pacific

Coast Range which tends to wipe out the
thermal belt of the continental climate
and sets up a mechanism for downslope
afternoon winds on east-facing slopes of

the coastal range.

Steepness of Slope

Other conditions being equal, fires burn
more rapidly up steep slopes. Slope has
the same effect as wind on the forward
rate of spread of a fire. Generally as
the steepness of a slope increases, the
rate of spread increases. Rule of thumb
for increase: Fire burning uphill on
moderate slope (0-40%) will double speed
when going to a steep slope (40-70%) and
double again going from steep to very

steep slope (70-100%).

View Graph #6

k2-6100-Y4 (106/6%)
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1/
Rate of Spread Ratios-
Slope in Percent Rate of Forward Spread Factof (no allowance
Yor spotting
-40o to -70 1:0 or rolling
material)
-20 to -39 e
- 5 to ~-19 RS Chart on
Easel
_+- 0 tO : 5 ‘.n
* 5 to 419 TS Use Example
on Fasel
+20 to +39 10,0
+40 to +70 2°.5
Example: Fire burning downhill on a -5
to -19% slope (factor 2.%5) at rate of 2
chains per hour starts burning upslope
on a +5 to +19 (factor 7.“). What is the
forward rate of spread uphill:

if?—ﬂ!’ﬁa-;u (lﬁ/(}i}
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Ansver: 6 chains per hour (7.5 + 2.5 3
times as fast). 1/pata derived from Indi-
vidual Fire Reports for California Region,

U.S. Forest Service.

Steep slopes exert several physical ef-

fects on a fire, such as:

1. Fire burning uphill will be wedge=-
shaped similar to shape of fire driven

by strong wind.

2. Flames on flanks will be pulled in=-

ward by intense heat.

3. ©Spotting potential is increased by the
convection currents carrying fire

brands upslope.

L, Fire reaching top to slope, the flames
will usually be bent backward toward
reary ot fire, » This curling back I8
caused by natural ris¢ of warm air up

opposite slope as well! as a tendency

ko-6100=4: (10/65)
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of flames to be drawn back into the

fire.

5. Rolling material will be a threat on

steep slopes.

E. Position of Fire on Slope

Position of a fire on a slope is an im-
portant factor in the variability of fire

behavior.

l. Fire starting at the bottom of a slopl
has an increased size potential due
to the availability of continuous

fuel.

2. An upslope spread is likely for fires
that become well estalhlished at the
base of a slope before the middle of

the day.

2=6100-4 (10/68]
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3. Fires positioned in the thermal belt
may spredd upslope during the middle
of the day and afternoon, then tend
to spread downslope after sundown con-
tinuing to burn intensely into the

evening.

b, Fires on upper slopes will be strongly| View Graph #T
influenced by general prevailing winds
with erratic behavior likely on the
leeward side of the steep upper slopes
because of air foil and eddy actions.
Changes are likely affter sunset and

in the mid-morning period.

F. Shape of Country

In mountain areas the shape of the country
is of great importance to the firefighter
who must evaluate fire behavior. Some of
the topographic features that influence

fire behavior are:

k2=6100-Ly (10/6%)
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Narrow Canyons

l. Wind directions will normally follow View Graph #8
the direction of the canyon. But the
local winds are likely to be deflected
and wind eddies and strong upslope View Graph #9
air movement may be expected at sharp

bends in the canyon.

2. Spotting from one slope to another is

great, fires cross canyon readily.
3. Venturi effect on local up canyon
thermal induced winds will be evident

in narrow canyons.

Intersecting Drainages

1. Wind direction may be changed markedly

at intersection.

2. Difficult to predict which canyon

will dominate wind.

k2-6100-54 (1G/68)
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3. Gusty eddy currents are common at

point of intersection.

Wide Canyons

1. Prevailing wind direction will not

altered much be direction of canyo

2. Cross-canyon spotting is not commo

except in high winds.

3. Wide differences in general fire ¢

ditions between north and south

aspects.

k. Diurnal wind changes will be evide

Box Canyons - Chimneys

l., Fires starting near the base of a
canyon or chimney will react simil

to a fire in a stove o~ fireplace.

It

Easel

be

n.

n,

on=-

nt.

box

ar

2-6100-5:4 (10/6%)
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1,

Trapped gases near top of canyon due
'
to poor ventilation c¢an cause flash-

over.

Air drawn in from canyon bottom will

create very strong upslope drafts.

Similar conditions occur at the heads
of narrow canyons or high mountain

valleys.

Ridges

Fire burning along lateral ridges may
change direction when it reaches a
point where ridge drops off into can-

yon.

May be a whirling motion by fire
around the point of a ridge caused by

strong air flow around point.

View Graph #10

k2-b100=4y (16765
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3. Fire may slow down at crest of main
slope as result of opposing air move-

ment up other side of ridge.

k. Prominent ridges influence wind in the
creation of roll eddj formations both
horizontal and vertical, whirlwind
formations, downslope wind patterns on
leeward slopes.

Saddles

s Increased and erratic air movement.

2. Roll eddy formations, both horizontal

and vertical.

Basins and Benches

l. Whirlwind possibilities with long dis-

tance spotting.

2. Cold air sinks, local thermal belts.

kP-6100-54 (10/65)
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G.

Barriers - Natural and Man-made

Natural - Rock slides, barren areas,

lakes, rivers, wet meadows.

Man-made - Freeways, roads, firebreak
fuelbreaks, powerline clea
ings*, reservoirs, sub-

divisions.

Barriers affect spread of fire direct
through absence of fuels. Indirectly
through modification of relative humi
local winds and other fire climate co

ditions.

¥Safety must be considered with possi

ity of powerline arcing to ground.

S,

r-

ly

dity,

n=—

bil-

W?-6100-Ly (10/6%)
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ITII. Summary

In this session we have talked about: Easel listing

A-G

A. Aspect

B. Elevation

C. Combined Effects

D. ©Steepness

E. Position on Slope

F. Shape of Country

G. Barriers

The combination of these make up only one

part of the total picture that you must

look at in order to properly appraise a

fire situation. Miss one and you could

miss the boat.

K2-6100-Ly (10/65)
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To do an adequate Job of sizing up a fire
and planning strategy you must look at the

entire picture.

[12-6 | (0= ( "L(:/ 6 J
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NATIONAL FORESTS, R-1, 1931-1944
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. MASTER LESSON PLAN .
SUBJECT : Fire Behavior

LESSON: WEATHER AND FIRE BEHAVIOR - IV-3

TYPE OF LESSON: Illustrated Lecture

TIME: One 50-minute period

PLACE: Classroom

AIDS NEEDED: Vu Graph (if available)
Opague-Proivetor

Slide Projector
Easel and Paper

OBJECTIVE: To explain specific effects of various weather factors on
fire behavior

REFERENCES: (1) Barrows, J. S. Fire behavior in northern Rocky Mouh-
tain forests. Station Paper 29, NRM Forest and Range
Exp. Sta., Chapter III - Weather, pp. 26-45. 1951.

(2) Beers, Francis D. Some air mass characteristics coh-
ducive to development of thunderstorm downdraft winds
in western United States. Paper presented at Westem
Fire-Weather Service Conf., Portland, Ore. 14 pp.,
mimeo. 1956. '

(3) Byram, George M. Atmospheric conditions related to
blow-up fires. Station Paper 35, SE Exp. Sta. 195L.

(4) Graham, Howard E. Fire whirlwinds. Paper presented
at Western Fire-Weather Service Conf., Portland, Ore.
10 pp., mimeo. 1956.

(5) Krumm, W. R. Meteorological conditions which encou-
rage cxplosive fire spread. Paper presented at
Western Fire-Weather Service Conf., Portland, Ore.
19 pp., ditto. 1955.

(6) KXrumm, W. R. Aspects of severe subsidence over Medi-
cine Bow fires during July 1955. Paper presented at
Western Fire-Weather Service Conf., Portland, Ore.

9 pp., plus weather charts, mimeo. 1956.

INTRODUCT ION

When one thinks of the effect of weather on fire behavior, he probably has in
mind such factors as relative humidity, temperature, surface wind, moisture
content of fine fuels, and perhaps the precipitation pattern of the past few
days.

During recent years close analysis of large fire behavior has revealed other
important factors -- mostly atmospheric -- such as wind pattern aloft,
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atmo:;phcr.stability, and cloud Lypes. Methods of measurin@@umulative sur-
face drying have resulted in evaluating the build-up of the fire scason towards
peak severity.

It is impossible to completely isolate each weather factor for discussien, as
cach one aifccts the others.

Evaluation of weather as it affcels fire behavior becomes a complex problem.
Some factors can be measured and come can be cstimated, but many factors
dealing with the upper atmospherc can only be determined by the fire-weather
forecaster.

Most weather factors are interrclqited with all the other factors. One cannot
memorize how each combination of wzather, fuels, and topography is going to
affect the behavior of any cingle fire. A good understanding of the basic
principles is essentialj then one can size up a situation, apply his knowledge
of the principles involved, and then take the proper steps to outmaneuver 01ld
Mother Nature.

DEVELOPMENT
I. CUMULATIVE WEATHER EFFECTS ON FIRE BEHAVIOR
A forest fire will generally burn more intensely near the end of the fire
season than it will at the beginning. This will happen even when the
measured weather factors are the same -- humidity, wind, fuel moisture,

temperature.

snow left the fuels or since the winter rain ceas-
f drying weather to wvhich the fuels are subjected,
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Logs, easy
and tough The summer precipitation pattern has a bearing on the readiness of fuels

years) to burn. A few heavy thunderstorms will not keep fuels as moist as will
(Drying af- many frequent but light rains. Lots of spring rain, of course, delays the
ter 3 in- time when fuel moistures do become critical.
tensities
of precip.)

The amount of new vegetation is dependent partly on the amount and fre-
Vu Chart quency of spring rains. Luxurious growth of fine fuels is an added de-
IV-3a terrent to fire spread and intensity early in the season but when cured,

this added fuel volume preatly intensified the behavior of a fire.

The ratio between green and dcad material is important to observe. An
apparently greenbrush stand can contain a tremendous amount of dead stems,
twigs, and ground fuels. This ratio can change drastically from year to
year. A drought of more than one year may cause serious die-back which
will alter the rate of spread classification of large areas.

The normal drying effect of the summer sun, low humidity, and lack of pre-
cipitation gradually lowers the moisture content of both green and dead
materials, large and small; it will also lower the soil moisture content
and water table. -

These factors and many more all contribute to the cumulative worsening of
burning conditions as the fire season progresses. Thcy should be given
consideration in estimating the current fire situation.



11. EFFE. OF CURRENT WEATHER Ol FIRE BEHAVIOR .

Cwnu) ative effects set the stage for the fire season. Current weather can
either intensify or reduce this over-all level of danger.

A.

i

Precipitation.

Precipitation raises the relative humidity and raises the fuel mois-
ture. Both of thecre mean that a flame uses up a great decal of enerpgy
in vaporizing this moisturc before the fuel temperature can be brought
up to the ignition point. Then fire intensity is reduced, rate of
spread is reduced, and spotting is reduced. Lack of precipitation,

of course, creates just the reverse set of conditions.

Precipitation has a much greater influence in the open than under a
heavy canopy. In the op~n, fuel moistures are raised rapidly, only
to dry out rapidly when the sun comes out. Adjacent fuels under a
canopy may not even be wctted by a rainfall of 1/l incn or less,
except for a small increase of moisture due to higher humidity; how-
ever, if they do become wet, they dry out much slower than fuels in
the open. Thus behavior of a fire will fluctuate much faster due to
precipitation in thc open than in the woods.

A given amount of precipitation may saturate a stand of grass or
litter and cause an entire fireline to go out; the same amount of
moisture may merely temporarily slow a fire down in heavy fuels or
duff.

Relative Humidity.

Fires burn faster and more intensely in dry air than in wet air.
There are two primary reasons for this:

(1) Fuels in dry air will not hold much moisture, and fuels in wet
air will hold lots of moisture.

(2) A lot of heat energy is consumed in the process of decreasing
the air moisture before the air temperature can be raised to a
high degree; dry air will not have to absorb as much heat as
wet air.

Hot gases are more likely to form in extremely dry air than in wet
air. There is some indication that a fire may really shift into
high gear when the relative humidity decreases to less than 7 or 8
percent. A close watch of the trend of humidity can give one an
excellent warning of critical fire behavior. Relative humidity can
be expected to change very rapidly in early morning and early even-
ing. It can unexpectedly change very rapidly at any time during
the 2l hours. This can often be predicted, but not always. A
change from low to high humidity can be utilized to get some good
"1icks" in on one of the tougher sectors of a fire. A change from
high to low humidity can be ample reason to pull crews off of a
dangerous sector.

Fuel Moisture.
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qUnl moisture is not a basic weather factor. It however, a cri-
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rion of the summiation effeccts of the total weat picture, ex-
cept perhaps for wind. Fine fuels react more rapidly to weather
chanpes. Heavy fuels reflect the entire scason; their surface re-
flects the daily variation.

The effect of precipitation and relative humidity on fire behavior
is primarily throu;h their influence on fuel moisture.

Dry fuels do not mcan that blowup conditions exist. It is a rare
case, however, when dangerous fire behavior occurs in fuels having
moderale moisture contents. An unexpected run can be made when a
fire breaks over from a north exposure to a south exposure, or from
under a timber stand into the open. A partial explanation can be
increased wind, bul. the other explanation is a change from moderate
to extremely dry fuels.

Spotting trouble is much greater in dry fucls than in moist fuels.
Sufficicnt spottine will help a fire start rolling and going forward
by leaps and bounds. Difficulty from heat radiation by the fire is
also closely associated with the moisture content of the fuels.

Extremely dry fuels can literally be the "tinderbox" to combine with
other critical weather factors to cause an ordinary fire to become
a major blaze. Heavy concentrations of fuels are not necessary.

As mentioned earlicr, green fuels may not be nearly as fireproof as
a glance might indicate. Small dead material or old growth live
material can carry fire just as well whether found in the woods, in
a brush stand, or In a szpebrushh flat. Some green fuels pack a
double wallop; not only may they be dry, but the leaves are coated
with wax or impregnated with volatile oils.

Wind Direction and Velocity.
Wind is a bad actor in relation to fire behavior. So many factors

can cause abrupt changes in its direction or velocity. A lack of
adequate knowledge or lack of observation can make these changes

~ become "unpredicted" or "freak" winds.

1 Direction.

Wind will cause a fire to travel in some general direction.
Assuming a uniform velocity, the intensity and rate of spread
will be determined by the type and conditions of fuels ahead,
and the topography ahead.

Upslope winds will augment the natural tendency for a fire to
travel upward.

Downslope winds may help force a fire downward. Or it may
cause fire whirlwinds which can send a fire off in a number
of different directions and with varying rates of spread.
The topography must be evaluated in order to outguess such
happenings.

A combination of surface winds with winds aloft may cause a
fire to "roll".

L
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b Velocity, surface.

The intensity of behavior of a fire is, in general, in direct
relationship wilth the surface wind velocity. Wind supplies
oxyren Lo the fuels; it bends the flame closer to adjacent
fuels; it may cause a fire to burn hot enough to generate its
own wind and weather. A strong wind can easily cause a fire
to burn against its nommal tcpographic tendency.

Since air movement is affected by topography, so is fire be-
havior. A moving fire will alter its behavior as it ap-

proaches topographic changes, since topography may change the
wind direction and velocity. i

3. Velocity, aloft.

The velocity of winds aloft can have various effects on fire
behavior.

a. Subsidence conditions, with their winds and low humidity,
are a result of air movement aloft.

b. High velocity upper winds may prevent a fire from forming
a chimney effect.

c¢. Low velocity upper winds accompanied by moderate to high
surface winds can create chimneys, erratic behavior and
direction tendencies of a fire.

To determine many of thesc wind patterns, one must rely on the
forecaster. Dut kecping a careful eye on the smoke column and
presence of cloud types will help tip the fire control officer
off as to what may happen and thus aid him in avoiding an
"unexpected" blowup.

Atmospheric Stability.

Calm stable air is not conducive to erratic fire behavior. Unstable
air can cause fires to do many strange things. In the majority of
unstable situations the condition is one of rising air due to steep
t emperature lapse rate. If enough moisture is present in the air
cumulus clouds may form; observation of this will give warning. If
clouds do not form, information from the forecaster should be re-
lied upon. And again, observe the smoke colum. If the smoke rises
lazily and if there is no sharp stratification, then the lapse rate
is slightly less than a dry adiabatic, but without inversions. This
is stable air. Sharply marked tops of smoke columns or layers in-
dicate temperature inversion. If the inversion is at the gradient
wind level, then the smoke will stream off under influence of the
gradient wind. A dry or super adiabatic lapse rate will cause the
smoke to rise rapidly to great heights and perhaps form a chimney;
this may create strong variable surface winds which can push a fire
in almost any direction. In some cases involving precipitation from
high-based cumulus clouds air which is colder than the environment
is developed. This air is unstable, but it tends to sink and ac-
celerate in sinking. Such air is particularly dangerous because it
may push a fire almost without regard to topography.
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.I‘cct of Clouds ~nd Thunderstorms. .

In general, clouds themselves do not affect fire behavior. They
are merely indicators of air and moisture activity. Lenticular
clouds and fast-moving cirrus indicate high velocity winds aloft.
Altocumulus castellatus are a reminder thal the air is unstable
and that thunderstorms may develop later in the day.

Thunderstorms themselves do influence fire behavior directly. The
downdrafts from a fully-developed thunderhead blow outward on the
ground surface in all directions, greatest in advance of the cloud.
A thunderhead passing by the side of a fire may blow it in 3 dif-
ferent dircctions within a half-hour.

Normal changes in Fire-Weather during a 2lj-hour period, and the ef-
fect of these changrs on {ire behavior.

At night a fire will lie down or travel slowly downhill. This is
due to higher humidities and fuel moisture, and the usual cool
dowvnslope winds. In the thermal belt this night time influence is
mininmized, and a fire may continue to burn briskly.

In the early mornin; a fire will pick up on an east slope much soon-
er than on a west slope. This is due to earlier heating, commence-
ment of upslope winds, and lowering of humidity and fuel moistures.
During the day the reneral burning period is experienced from 10 All
to 5 or 6 PM. Upslope winds increase on all slopes, temperatures
generally rise and humidities and fuel moisture drop. Thermal air
movement increases all day long. The 10 AM control time objective
is based on this sequence of weather. If a fire cannot be held at
10 AM it probably cannot be held at all until that night, or the
following morning.

Conditions have alrecady cased up on east slopes by early evening
due to being in the sun's shadow. Gradually as night falls all

the weather factors become less critical; the last strongholds will
be the southwest and west slopes. Except, of course, for the ther-
mal belt.

Some disastrous weather combinations have occurred at this time of
day, however. Differences in pressure gradient between the cool
east slope and the still warm west slope can cause the warmer air
to whistle through passes and canyons and cause a fire to go crazy.
This is particularly so when the prevailing wind augments this
evening inversion wind.

SUMMARY

Evaluation of weather as it affects fire behavior becomes a complex problem.
Some factors can be measured and some can be estimated, but many factors

dealing

with the upper atmosphere can only be determined by the fire-wcather

forecaster.



Most we or factors arc interrelated witl all the other f s. One cannot
memovizc®now each conbination of weather, fuels, and topog is going to
affect the behavior of any single fire. A good understanding of the basic
principles is essential; then onc can size up a situation, apply his Imowledge
of the principles involved, and then take the proper steps to outmancuver old
Mother Nature.

(Note: This lesson condensed from former 2 hour lesson. Instructor should
cheek time of presentation.)



U. S. DEPARTMENT OF AGRICULTURE
Forest Service 6140

INSTRUCTOR'S LESSON PLAN

SUBJECT: INSTROCTOR: _ToM oUTNN

TLE O : CIATED WITH FILE NO.

R DATE: MARCH 18, 19’n

TENGTH OF LESSON: ? HOURS NO. Assxms
METHOD OF INSTRUCTION: LECTURE =4
PLACE: FORT COLLINS, COLORADO
TRAINING AIDS:
NUWBER IN AUDIENCE: %0
OBJECTIVE: _ TRAINEES WILL, LEARN SOME OF THE CTISTICS OF EXT

IVIOR AND WILL BE ABLE TO APPLY THIS KNOWLEDGE DURING ANY F @

SUPP ION ACTIVITY,

TINE LESSON OUTLINE AIDS ¢ CUES
INTRODUCTION

DURING THIS COURSE YOU HAVE REVIEWED THE FUEL, TOPOGRAPHIC
AND WEATHER FACTORS THAT INFLUENCE FIRE BEHAVIOR, DURING
THIS SESSION, I WANT TO EMPHASIZE THE FACTORS FOR YOU THAT

CAUSE THE CONDITIONS FAVORABLE FOE FIRE 3LOW-UP,

YOU HAVE ALL READ OR HEARD THE STORIES OF THE DISASTER
FIRES OF THE PAST, THE RECENT FIRES OF CALIFORNIA AND
IDAHO THAT BLEW UP AND COST MANY MFN THEIR LIVES IS THE
GRIM REASON FOR YOU AS FIREMEN TO LEARN ALL YOU CAN ABOUT
THE BLOW-UP AND WHAT CAUSES IT,

THIS IS THE OBJECTIVE OF THIS COUL.E SHOW OBJECTIVE
ON VUGRAFT A5,/

FIRST, LET'S DEFINE "BLOW-UP" VU-GRAFT We.2

A SUDDEN INCREASE IN FIRE INTENSITY OR I'ATE OF SPREAD
SUFFICIENT TO PRECLUDE DIRECT ATTACK OR CONTROL, USUALLY
ACCOMPANIED BY VIOIENT CONVECTION, FIRE WHIRLS OR OTHER

CHARACTERISTICS OF A FIRE STORM,

R2-6100=5
12/65



TITLE OF LESE@N  FACTORS ASSOCIATED WITH EXTREME FIRE penavior@) PAGE 2

TIME LESSON OUTLINE . AIDS & CUES

IN THE MORE INTENSE FIRES, THE CHAIN LIK& NATURE OF
COMBUSTION PROCESS IS GREATLY STRINGTHENED, IN THE BLOW-UP
FIRES, THE CHAIN BECOMES SO STRONG THAT QUR PRESENT FIRF
FIGHTING FORCES ARE OFTEN HELPLESS TO CONTROL THE ENERGY
PRODUCED, THE BASIC PRINCIPLES OF FORE BEHAVIOR EMPHASIZE:
(1) THAT COMBUSTION IS A CHAIN REACTION PROCESS WHICH TAKES
PLACE AT HIGH TEMPERATURES: AND (2) THAT HEAT IS THE MOST
IMPORTANT COMBUSTION PRODUCT FROM THE }IRE BEHAVIOR STAND-
POINT, THEREFORE, THE HEAT PRODUC*D BY BURNING FUEL IS

THE MOST IMPORTANT FACTOR TO UNDEI'CTAND AND MANAGE IN FOREST
FIRE CONTROL.

ONLY A SMALL NUMBER OF FIRES THAT OCCUE BLOW-UP, BUT THEIR
IMPORTANCE FAR OUTWEIGHS THEIR NUI 'ER BI CAUSE:
(1) THEIR HIGH INTENSITY, HIG!! RATE OF SPREAD, AND
OFTEN ERRATIC UNPREDICTABLE BEHAVIOR MAKES THEM A NUMBER
ONE PROBLEM IN PERSONNEL SAFETY,
(2) A LARGE PART OF THE TOTAL AREA RURNED OVER A LONG
PERIOD OF TIME, AND AN EVEN LARGER PART OF THE DAMAGE,
1S CAUSED BY THE RELATTVELY SMALL PEFCENT OF ALL FIRES,
(3) THE SUPPRESSION COST OF LARGE I'RES IS HIGH.
FOR THESE REASONS IT IS IMPERATIVE, IN = UCCESSFUL FIRE
CONTROL, THAT WE RECOGNIZE AS EARI.Y AS |OSSIBLE, WHEN
POTENTTAL BURNING CONDITIONS ASSOCIATED WITH EXTREME FIRE

BEHAVIOR ARE DEVELOPING OR ALREADY EXIS™,

k2-6100-52 (10/68)



TITLE OF LE‘N FACTORS ASSOCIATED WITH EXTREME FIRE BEHAVIOR.

PAGE 2

" TIME

LESSON OUTLINE

ATDS & CUES

PRESENTATION:
THSRE ARE 2 KEY FACTORS THAT INFLUENCE 3LOW-UP,

1, FUELS
2. WEATHER FACTORS

TOPOGRAPHY IS ALSO A FACTOR, BUT 1S VERY COMPLEX TO EVALUATE
BECAUSE FIRES, UNDER EXTREME CONDITIONS, WILL CONTRADICT
BASIC PRINCIPLES BY: :

1, BURNING DOWNSLOPE

2. BURNING ACROSS DRAINAGES

3. SPREADING RAPIDLY ON FLAT ‘TERRATH,
NEVER FORGET TO EVALUATE THE TERFIN DURING ANY FIRE
SITUATION BUT KEEP IN MIND THAT THE OTI:ZR MORE POWERFUL

FORCES MAY OVER RIDE THE TOPOGRAI Y,

S F P 1 E-ME FIiE BEHAVIOR

1, FUELS
A, LOW FUEL MOISTURE CONTENT (UNDER 25%- VERY CRITICAL
UNDER  5%)
B. LARGE AMOUNTS OF FINE AND CONTINIIOUS FUEL ON SIOPES,
C. CROWN FOLIACE DRIED BY PREVIOUS "IRES OVER LARGE
AREA,
D, BRUSH AND CONIFER FOLIAGE IED Y PROLONGED DROUGHT
(ALSO FROST AND INSECT EFFECTS .
E. SNAG CONCENTRATIONS

F. HIGH BURNING INDEX AND BUIL)D-UP ”NDEX,

Ne.3

k2-6100-5a (10/68)



TiTLE bF LES.N FACTORS ASSOCIATED WITH EXTREME FIRE BEI-LAVI. PAGE «

TIME LESSON OUTLINE AIDS & CUES
2. WEATHFR INDICATORS L Oubrnri
T No. 4

A, STRONG SURFACE WINDS, LOW WINDS \LOFT. WIND SPEED
BECOMES CRITICAL ABOVE 18 M.P.H,

B, UNEXPECTED CALM. WINDS MAY SHIFT AND RECOME STRONGER
SUPPLYING MORE OXYGEN TO THE FIRE,

C. HIGH FAST MOVING CLOUDS -- MAY FiSULT IN UNUSUAL
WINDS ON THE GROUND AND DOWNDEAFTS,

D, HIGH FARLY MORNING TEMPER/TURE,

E. DUST DEVILS OR WHIRILWINDS

F, THUNDERHEADS (STRONG WIND "SFCR¥ AND DOWNDRAFT)

g. SMOKE COLUMN DIRECTION ANL SHAPF (FRACTURED COLUMN
WILL INTENSIFY SPOTTING.)

H. BUMPY FLYING -- TURBULENT /TMOSF [ERE,

I. FRONTAL ACTIVITY -- RESULT: IN WIND CHANGES AND IN-
CREASES THE WIND SPEEDS, :

J. INVERSION LAYER - FIRE WILL. LAY QUIET UNTIL FIRE OR
SMOKE BREAKS THROUGH.,

K. TOPOGRAPHY INFLUENCED BY W!ATHEP > 0/‘;6@:#’
1. PASSES AND SADDLES MAY “ESULT IN HORIZONTAL s
EDDIES ON LEE SIDE OF RIDGT,

2. LEE SIDE OF MOUNTAINS: VERTI AL EDDIES WILL BE
PRODUCED BY GRADIENT WINDS,

2. RIDGE TOPS - FIRE MAY “URN U °SLOPE AND CHANGE
BEHAVIOR AS IT MOVES FROM *FFECT OF LOCAL WIND TO

EFFECT OF GRADIENT WIND,

[t2-6100-54 (10/68)



TITLE OF LES.\I FACTORS ASSOCIATED WITH EXTREME FIRE BEHAVIOR . PAGE 5

“TINME LESSON OUTLINE AIDS & CUES

4. STEEP SLOPES AND CANYON:: CAN CAUSE FAST INTENSE
RUNS,

5. THFERMAL BELTS - CAN CAUSE HIGH INTENSITY BURNING

AT NIGHT,
FIRE \VIOR = Vuaewurr
Ao. &
A. CONVECTTON COLUMNS INDIC/TOR OF AND UNSTABLE
CONDITION,
B. SPOTTING

C. INTENSE BURNING INSIDE FIFE,
D. TREE OR BRUSH TORCHING OUT.
E. FIRE WHIRLWINDS,
NOW LETS LOOK A LITTLE MORE IN DI'"TH A" THESE CHARACTER-
ISTICS OF EXTREME FIRE BEHAVIOR,
1. A RAPID BUILDUP OR GROWTH (F INTENSITY AFTER A FIRE
REACHES A CRITICAL RATE OF ENEKGY OUTPUT,
A.. AS THE RATE OF FUEL CONSUMPTION INCREASES, THERE
IS A DISTINCT PROBABILITY OF A SLOW-UP FIRE, BECAUSE:
(1) THE AMOUNT OF AVAILABLE FUEL INCREASES, THAT IS,
INCREASED HEAT DRIES OUT MORE FUELS FASTER AND THEIR
ENGERY YIELD IS ADDED TO THE TOTAL ENERCY.
(2) THE RATE OF SPREAD IN"REASE' |
(1) x (2) = RATE OF "1IEL CONSUMPTION,
(3) CRITICAL BURN OUT TIM: INCK' ASED, THUS INCREASING
TOTAL HEAT. CRITICAL BURNOUT T!ME IS DEFINED AS THE

MAXIMUM LENGTH OF TIME THAT A FUEL CAN BURN AND ESTiLI

1t2-6100-54 {10/60)



T17LE OF LESSE)

® r: .

“TIME

LESSON OUTLINE

AIDS & CUES

BE ABLE TO FEED ITS ENERGY INTO THZ BASE OF THE
CONVECTION COLUMN,
B. PROBABILITY OF BLOW-UP INCREASES FAPIDLY WITH IN-
BREASING SIZE OF "HOT AREA". REFZR TO ATTACHEMENT
#1 FOR CHART, T
2. A HIGH SUSTAINED RATE OF SPREAD,
THE SUSTAINED FORWARD RATE OF SPREZD MAY BE AS MUCH AS
1.5 TO 3.0 MILES PER HOUR IN FLAT CR SLICHTLY ROLLING COUNTR]
THE SUSTAINED RATE OF SPREAD AVERACES LESS FOR MOUNTAINOUS
COUNTRY, AS MDUNTAINS USUALLY TEND TOELOW DOWN THE OVERALL
SPREAD OF A LARGE FIRE, EXCEPT THAT UPSL PE SPREAD MIGHT

EXCEED A RATE OF 3.0 MILES PER HOUF .

DEPENDING ON THE FUEL SUPPLY, THE HIGH SUSTAINED RATE OF

SPREAD MAY LAST FOR SEVERAL HOURS, OFTEN DURING THIS PERIOD|

THERE MAY BE BURSTS OF SPREAD DURING WHI”H THE FIRE MAY |
ADVANCE + MILE IN A FEW MINUTES, THE RATE OF AREA BURNED

MAY EXCEED 1000 ACRES PER HOUR, BUT SELDM DOES IT EXCEED

3000 ACRES PER HOUR,

2. A WELL DEVELOPED CONVECTION COLUMN I. A DISTINCTIVE .—
FEATURE OF BLOW-UP FIRES, THE COLUMN MA® BE THE TOWERING
TYPE, WHICH REACHES UPWARDS FOR THWISAND OF FEET WHEN THE
UPPER WINDS ARE LOW. IF STRONGER Y[NDS : REVAIL IN THE UPPER
LEVELS, THE COLUMN WOULD BE OF THE “RACTI'RED TYPE, AC HICH

WINDS SHEAR OFF THE TOP OF THE COLUMN,

> Vacrus

Ne.7

> S/ineger
Comuocitent € AT

Beivimge 1 Maree.:

it2-6100-54 (10/68)



T17LE oF LESSE) ® v

TIME LESSON OUTLINE ATDS & CUES

4. LONG DISTANCE SPOTTING (600 FEET OR MORE).
A. MOST IMPORTANT FACTOR IN HINH RATES OF SPREAD,
B, DISTANCE: 3 MILE COMMON: OCCASIONALLY 2-3 MILES,
C. EMBERS ARE CARRIED ALOFT IN UPDRAFT OF CONVECTION
COLUMN, POSSIBLY TO AN ALTITUDE OF 5000',

(1) MAY BE THROWN IN DIRECTION OF FRACTURED CON‘JECTI(FJ

m =3 * ?'?Ru' dnj
! > # e’ O}
- ; Blrnee Begay

—

< CONVECTION COLUMN
BENT BY HIGH WINDS ALOHT

/L_l F~FIR/ BRAND:
s / /SPO"‘> '

(2) FIREBRANDS ARE MOST COMONLY ['ROPPED AHEAD AND

COLUMN,

ON RIGHT SIDE OF FIRE, MORE COMPLEX WITH LOCAL SLOPH
EFf‘EGI'S, AS SLOPE CAN ALTER SURFACE WIND CONDITIONS,
5. FIRE WHIRLWINDS,
A, DEVELOPED WITHIN THE FIRE ITSELF: PROBABLY DUE TO
COMBINATION OF (1) EXTREME HEAT OF FI'E, AND (2) EXTREME
TURBULENCE OF WELL DEVELOPED CO'VECTICN COLUMN,
(1) LARGER ONES APPEAR TO FURM AT HEAD OF FIRE WHERE
GREATESTHEAT AND TURBULENCE “XIST.
(2) SMALLER ONES IN HEATED -EA BFHIND FIRE FRONT.
(3) SOME DEVELOP HIGH IN COMVECTICN COLUMN, AND MAY
CONTRIBUTE TO LONG DISTANCE SPOTTING.

(2-6100-55 (10/68)



mTE oF LESSE @ e s
“TIME LESSON OUTLINE AIDS & CUES

B: CONDITIONS OF DEVELOPMENT -
(1) HEAT SOURCE,
(2) NO HIGH WIND VELOCITY TO SHEAR DEVELOPING COL%MN.
(3) TRIGGERING MECHANISM TURBULENCE OF SOME KIND,
EDDIES, DISCONTINUITY OF WINDS,
C. NOT TOO MUCH KNOWN ON HOW, WHEN, OR WHY THEY FORM,
D, SIZE - VARIES UP TO 500' IN DIAMFTER. SMALL ONES
JUST AS DANGEROUS AS LARGE ONES AS FAR AS SPREADING FIRE
IS CONCERNED,
E, CONTRIBUTE TO RAPID SPREAD “Y STAATING FIRES AHEAD
OF FIRE FRONT,
F, SERIOUS SAFETY FACTOR, AS THEY M/’ LEAVE LINE ANY
WHERE AND ENDANGER LIVES OF FIR“FICHTZRS WITH FIRES THEY
SPREAD, OR WITH THE HOT DEBRIS THEY CARRY,
6. HORIZONTAL FLAME SHEETS,
A. RARE AND OF SHORT DURATION - RARELY EXTEND TO MORE THAN
150 FEET, OBSERVERS HAVE REPORTED 30 FOOT FLAMES SUDDENLK
TILTED FORWARD SO AS TO BE NEARLY HORIZONTAL,
B. FLAMES ARE TILTED FORWARD BY "JET" ACTION OF DOWN
DRAFTS,
C. SAFETY HAZARD,
7. WHEN FIRES HAVE REACHED SUCH AN INTENSITY THAT THEY
EXHIBIT CHARACTERISTICS DESCRIBED ABOVE, THE COMBUSTION
CHAIN HAS USUALLY BECOME SO STRONG THAT IT CANNOT BE BROKEN

BY CONVENTIONAL FIREFIGHTING METHODS,

K2-616G0-5a (10/68)
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NOW LETS TAKE A CLOSER LOOK AT THE FACTOIS THAT CONTRIBUTE
TO THE EXTREME FIRE BEHAVIOR,

1, FUELS.
A, SUPPLY

(1) FUEL IS OF PRIMARY CONCERN IN FIRE CONTROL BECAUSE
IT IS THE FIRE'S ENERGY SOURCE, AND THE BASIC ELEMENT
NEEDED FOR COMBUSTION, WEATHER AND TOPOGRAPHY ASSUME
SICNIFICANCE ONLY IN RELATION TO THE EXISTING FUEL
SUPPLY,
(2) SIZE, CONTINUITY, AND AZRANGEMENT OF FUEL ALL
AFFECT COMBUSTION RATE AND ([ENCE FIRE INTENSITY.
(3) THE GREATER THE VOLUME F AVAILABLE FUEL, THE
MORE HEAT WILL BE CREATED, /ND TH! GREATER WILL BE
THE INTENSITY POTENTIAL,

B, HIGH FUEL FLAMBILITY.
(1) RELATIVE DRYNESS IS GOVERNING FACTOR IN EASE OF
IGRITION AND IN THE AMOUNT OF TOTAL FUEL VOLUME THAT
WILL BE CONSUMED, ADDING TO HEAT WNERGY YIELD OF FIRE|
(2) AVAILABLE FUEL, ENERGY, AND FIRE INTENSITY
INCREASE WITH DECREASING FUZL MOISTURE CONTENT,
AVAILABLE FUEL (I.E., FUEL THAT WTLL ACTUALLY BURN
AND CONTRIBUTE TO FIRE INTENSITY) DEPENDS ON

(A) FUEL

(b) FUEL TYPE
(C) WIND VELOCITY
(D) SLOPE

2-6100=54 (10/68)
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2. WEATHER FACTORS,
A, STABILITY OF THE ATMOSPHERE,
(1) THE TENDENCY OF THE ATMOSPHERE IS TO RESIST
VERTICAL MOTION,
(2) INSTABILITY CAUSES THERMAL TURBULENCE, OR IRREGURAR
MOTION OF THE AIR,
(3) DIRECT EFFECTS OF TURBULENCE (MOST EVIDENT
DURING THE AFTERNOON HOURS WHEN INSTABILITY IS
CREATEST) :
(A) GUSTY AND VARIABLE CURFAZE WINDS, ESPECIALLY
IN THE VICINITY OF FIRES, |
(B) SPOTTING FROM WHIRLWINDS *ND LOCAL UPDRAFTS.
(C) TENDENCY FOR FIRE TO CROWN READILY.
(D) TENDENCY FOR FIRE TO TﬂﬂﬁL RAPIDLY UPSLOPE
IN VARYING DIRECTIONS,
(z._) THESE EFFECTS ARE GREATEST ON SMALL FIRES, LARGE
FIRES TEND TO OVERCOME LOCAL ATMOSPHERE TURBULENCE
AND CREATE THEIR OWN TURBULENCE /ND BURNING CONDITIO*S.
B. INVERSIONS,

(1) A FIRE MAY BE BURNING "JIETLY RENEATH AN
INVERSION, IF THE CONVECTION COLUMN BREAKS THROUGH
THE INVERSION LAYER, FIRE INTENSITY MAY INCREASE '

BECAUSE OF A CHIMNEY EFEECT AND FIRE MAY BLOW-UP,

t2-H100-54 (10/66)
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(2) IF A FIRE IS BURNING QUIETLY ON A SLOPE JUST
BENEATH AN INVERSION, IT MAY INTENSIFY IF THE FIKE
ITSELF BURNS UPSLOPE THROU“H THF ELEVATION OF THE
INVERSION, (NOT USUAL.)
C. ADVERSE WIND CONDITIONS.,
(1) DECREASE OF WIND WITH |IEIGHT ABOVE A FIRE PFRMITS
THE FIRE TO DEVELOP A CONVESTION COLUMN AND CREATF
"CHIMNEY" EFFECT,
(2) HEAT ENERGY IS CONVEPT:D TO TURBULENT ENERGY
WHICH DRIVES FIRE TO AN INCREASING INTENSITY - THE
BLOW-UP PROCESS,
D, EDDIES,
(1) CREATED BY ATMOSPHERIC OR ME'HANICAL TURBULENCE.

(2) HORIZONTAL EDDIES WILL “ORM }'EAR PASSES OR

EDDIES ON LEE SIDES OF RIDGES,
Pass  phec

b e o DE’:‘&'
ONM SLINCE B2ARD

(2) VERTICAL EDDIES WILL FORM ON LEE SIDES OF RIDGES

OR AROUND OT‘{EIR LARGE OBSTMUCTIONS

w e ,/Z E, i s RN o

Birciorad

gﬁﬂ _‘Tmu (;'Jk‘\

(4) AS FIRES BURN TO RIDCE TOPS , THEY MAY BE HIGHLY
AFFECTED BY EDDIES AND CAUSY ERR/TIC FIRE BEHAVIOR,

(VU GRAPH SLIDE: WEATHER AND FIFE BEHAVIOR IV-ia)

2-6100-54 (10/68)




17 oF 1Ess@ ]

PAGE 12

TIME

LESSON OUTLINE ATDS & CUES

Eo

WINDS FROM CUMULUS CLOUDS,
(1) A FIRE MAY BE BEHAVING IN A NORMAL MANNER UNDER
THE FXISTING BURNING CONDITIONS, IF A CUMULUS
TYPE CLOUD (CUMULUS, CUMULONIMBUZ) WHICH HAS DEVELOPED
STRONG DOWNDRAFTS (CAUSED LY VIRCA FALLING FROM BASE
OF CLOUD) MOVES OVER THE FIFE, IT MAY CREATE STRONG
LOCAL WINDS AND CAUSE THE FIRE TC SPREAD RAPIDLY
IN SEVERAL DIRECTIONS, EXPI'CTED YINDS FROM THIS
CONDITION:
(A) ASs CLOUD APPROACHES, SURFATE WINDS WILL BE
IN DIRECTION OF MOVEMENT OF THE GLOUD,
(B) AS CLOUD PASSES OVEl FIRE, SURFACE WINDS WILL
BE LATERAL IN BOTH DIRE(“"IONS,
(C) AS CLOUD MOVES BEYOlD FIRE, SURFACE WINDS WILIL
BE IN DIRECTION OPPOSITE TO DIRECTION OF MOVEMENT
OF CLOUD,
(2) STRONGEST SURFACE WINDS ARE FOUND AS CLOUD
APPROACHES,
(3) EFFECT VARIES FROM 1-5 ILES DEPENDING ON HEIGHT
OF CLOUD BASE ABOVE FIRE AND ITS LOCATION RELATIVE
TO FIRE,

(4) THERE ARE ALSO UPDRAFT! AS CLVULUS CLOUDS ARE

BUILDING, BUT THESE EFFECTS ARE FOT NORMALLY EXPERIENCED

ON THE GROUND AND ARE NOT /i IMPCRTANT NOR AS

PRONOUNCED AS DOWNDRAFTS FROM MATURE CUMULUS.

R2-6100-5a (10/68)
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Fiee & /
/7%,-/4,[, k2-6100-54 (10/68)

F. SUBSIDENCE.
(1) UNDER CERTAIN CONDITIONS, COlD, DRY AIR FROM
EXTREMELY HIGH ALTITUDE - MAY BEGIN TO SUBSIDE OR
DESCEND, AS THIS AIR SUBSIDES, IT INCREASES IN
TEMPERATURE BUT CANNOT PICK UP ANY MOISTURE SO IT
CONTINUES TO LOWER, AS THIS SUBCIDING AIR NEARS THE
GROUND, THE BURNING CONDITIONS MAY BECOME SEVERE:
I1.E., LOW HUMIDITIES, AND HiGH TEMPERATURES., THIS
LOWERS FUEL MOISTURE TO CRITICAL LEVELS. REMEMBER
THOUGH, THAT SUBSIDENCE IS A LONC TERM PROCESS, IT
DOES NOT NORMALLY OCCUR IN A MATTER OF HOURS.

(2) SUCH CONDITIONS MAY CAUSE DIF FICULTY TO CONTROL
A GOING FIRE, AND FIRE INT NSITY MAY BUILD UP
RAPIDLY,

TOPOGRAPHY,

A, CHIMNEYS - IF A SPREADING FIRE REACHES A NATURAL

TOPOGRAPHIC CHIMNEY (NARROW BOX CANYON WITH STEEP SLOPES

I MAY BURN RAPIDLY OUT THE TOP OF THE CANYON, CAUSING

A TEMPORARY BLOW-UP, :

h’{&p IR e SPLEETD
/ Prvy a0

Fe '.-_J —
e FD I""‘wbc-l": {C‘)-D

1_—/ \\-__- X

?
| mreeon. S1£S CRrven
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Bn

CAUSE EDDIES AND TURBULENT CONDITIONS WHICH MAY CAUSE
FIRE TO BLOW-UP, LEE SLOPES FAVOR WHIRLWIND DEVELOPME

ALSO,

Cu

D, NARROW CANYONS: RADIATION SFFECT ON OPPOSITE SLOILE
PREDRYS FUELS, SPOTS MAY OCCU MORE EASILY BECAUSE

OF FIRE BRANDS,

LEE SIDES OF MOUNTAINS,

THERMAL BELT,
(1) AREA OCCUPYING APPROXIMATELY THE MIDDLE THIRD

A MOUNTAIN SLOPE, HERE THE AIR TEMPERATURE DOES

NOT DROP AS MUCH AT NIGHT A5 IT DOES IN LOWER ALTI)

HENCE DURING THE NIGHT TEMFERATUREES ARE HIGHER AND

RELATIVE HUMIDITY LOWER IN THE THERMAL BELT THAN
AT LOWER ALTITUDES ON THE CLOPE, THEREFORE, ¥UELS

WILL REMAIN RELATIVELY DRY, FIRFS BURNING IN THE

NT

[UDES :

THERMAL BELT WILL CONTINUE TO BULN WITH HIGH INTENSITY

THROUGH THE NIGHT, ESPECIALLY THF EARLIER HOURS,
FIRES BURNING RELATIVELY SLOWLY AT LOWER ALTITUDES
MAY GRADUALLY SPREAD UPSLOPE INTO THE THERMAL BELT
AND SUDDENLY INCREASE IN INTENSITY AND EVEN BLOW

-UP,

R2-6100-5a
3/68
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FUEL MOISTURE
WIND

HUMIDITY
BURNING INDEX

ENVIRONMENT,

4. CHANGES IN FIRE ENVIRONMENT,
(A) FIRE ENVIRONMENT: THE CONDITIONS OF FUEL,
WEATHER, AND TOPOGRAPHY UNDER WHICH A FIRE BURNS,
(B) GREATEST DIFFERENCES OCCUR BETWETN AN OPEN AND A
CLOSED CANOPY OF VEGETATION,
(1) CLOSED ENVIRONMENT: CAN BE THOUGHT OF AS BEIN
BENEATH A CONOPY OF TOVER TYPE, ESSENTIALLY HAS
SURFACE WEATHER CONDITIONS.
(2) OPEN ENVIRONMENT: CAN BE THOUGHT OF AS
BEING ABOVE THE CANOPY OF COVER TYPE,
ESSENTIALLY HAS UPPER AIR WEATHER CONDITIONS,

(G) A CLEAR CUT AREA PRODUCES / GREAT CHANGE IN

OLASH FUEL PRODUCES A COMBINED TFFECI ON FIRE BEHAVIOQ

TO CAUSE LARGER FIRES,

)

CLOSLD OPEN ==
80 90
s - 3
4 12
25 13
9 48

THIS FACTOR COMBINED WITH THE ADDITIONAL

~YaG RPAFFT

No. &

R2-6100-5a
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NOW YOU, AS FIREMEN, ARE READY TO MAKE FREDICTIONS OF THH
POTENTIAL BURNING CONDITIONS:

HERE IS THE SEQUENCE YOU SHOULD FOLLOW,

A,

B,

D,

E.

F,

Go

PREDICTED GENERAL LEVEL OF BURNING CONDITIONS IN THE I

FUTURE, AS COMPARED TO THE KNOWN PAST, /ND ADJUST THE P
- PAREDNESS ORGANIZATION ACCORDINGLY.

D. WIND CHANGES ARE PRODUCED BFTWEEN CLOSED AND OPEN
ENVIRONMENTS, 1IN AN OPEN ENVIRONMENT , THE SURFACE IS
RELATIVELY WARM AND WINDS ARE MORE LIKELY TO BE
TURBULENT, 1IN A CLOSED ENVIRONMENT, THE SURFACE IS
RELATIVELY COOL, PRODUCING LAMINAR, SMOOTH FLOWING
WINDS,

WORK OUT PROBABLE BI AND BUI FROM FiRE-WEATHER
FORECAST, |
CONSIDER FUEL MOISTURE PREDICTION AS IT MAY CONTRIBU’I*E
TO SPOTTING, |
CONSIDER SURFACE WINDS EXPECTED AS TO VELOCITY AND
PROBABILITY OF GUSTINESS.

OBSERVE INDICATIONS OF TURBULZNCE SUCH AS PRESENCE
OF DUST DEVILS OR REPORTS OF BUMPY FLYING,

NOTE TEMPERATURE DEPARTURES F'M NOIMAL.

NOTE PARTICULARLY IF MAJOR WIND SHI!'TS ARE EXPECTED

ASSOCIATED WITH DRY COLD FRONT PASSA: iE.

IN VIEW OF ITEMS A TO F, FORM YOUR OPINION AS TO THE

DIATE

R2-6100-5a
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SUMMARY
THESE ARE THE MAIN FACTORS THAT INDICATE BLOWUP

CONDITIONS, THERE MAY BE OTHERS IN ANY GIVEN FIRE
SITUATION, FUELS AND WEATHER ARE THE TWO KEY FACTORS
DOMINATING BLOWUP CONDITIONS. TOPOGRAPHY IS AN
INFLUENCE, BUT IS A VERY COMPLEX FACTOR IN A SPECIFIC
SITUATION--IT ALTERS THE LOCAL WEATHER, MAINLY WIND,

NO OTHER FACTOR CAN BE USED BY ITSELF, BUT BY ANALYZING
A COMBINATION OF FIRE BEHAVIOR FACTORS, THE FIREMAN CAN
BETTER ASSESS THE SITUATION AND MAKE ACCURATE DECISIONS
FOR SAFE FIRE SUPPRESSION,

R2-6100-5a
3/68



LIXSSON OBJECTIVE

TRAINEES WILL LEA?RN SOMG OF THE CHARACTERISTICS
OF EXTREME OR ERRATIC FIRE BEHAVIOR AND WILL BE
ABLE TO APPLY THI:) KNOWLEDGE DURING ANY FIRE

SUPPRESSION ACTIVITY.

ys



A SUDDEN INCREASE IN FIRE INTENSITY OR RATE
OF SPREAD SUFFICIENT TO PRECLUDE DIRECT ATTACK
OR CONTROL. USUAI.LIY ACCOMPANIED BY VIOLENT

CONVECTION, FIRE wHIRLS OR OTHER CHARACTERISTICS
OF A FIRE STORM.



WARNING SIGNALS OF AL

1. FUELS o
A. LOW FUEL MOISTURE CONTENT (UNDER 254 VERY CRITICAL
UNDER 5%)
B. LARGE AMOUNTS OF FINE AND CONTINUOUS FUEL ON SLOPES,
C. CROWN FOLIAGE DRIED BY PREVIOUS mns OVER LARGE
AREA,
D. BRUSH AND CONIFER FOLTAGE DRIED By Pnoumm nawtm
(ALSO FROST AND INSECT EFFECTS), o
E. SNAG CONCENTRATIONS - P g e
F. HIGI BURNING INDEX AND BUILD-UP INDEX,

TR

" gt




2. WEATHER INDICATORS :
A. STRONG SURFACE WINDS, LOW WINDS ALOFT, WIND SPEED
BECOMFS CRITICAL ABOVE 18 M,P.H,

B. UNEXPECTED CALM, WINDS MAY SHIFT ANDLM m

. SUPPLYING MORE OXYGEN TO THE FIRE, = . | R T 35
C. HIGH FAST MOVING CLOUDS -- MAY RESULT TN UNUSUAL ' [ a
WINDS ON THE GROUND AND DOWNDRAFTS, i S SR | 'I"‘-'r
D. HIGH EARLY MORNING TEMPERATURE, Sl a2
E. DUST DEVILS OR WHIRLWINDS ' f 7

af ol
F. THUNDERHEADS (STRONG WIND BEFORE AND DOWNDRAFT) B e
| g. SWOKB COLUMN DIRECTION AND SHAPE (FRACTURED coLnM e :
=y [

| WILL INTENSIFY SPOTTING, 3 “‘“*M_h;“_“_-ﬁ 4 AR

I L et w] HE) ¥ TN

| K. BUMPY FLYING -~ TURBULENT ATMOSPHERE, G o

. &
I. FRONTAL ACTIVITY -- ‘RESULTS IN WIND awm AND TN et 2
s . : . :,;. e .._ o

CREASES THE WIND smns e Y e A
., Immnsxou LAYER - mu; un. LAY wm TIL, FIRE OR. | 3

__SWOKE mmxs THROUGH, > et e "

e ]

P i

.

bty ! v'!.
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4, b

TOPOGRAPHY INFLUENCED BY WEATHER - g
1. PASSES AND SADDLES MAY RESULT IN HORIZONTAL r

| EDDIES ON LEE SIDE OF RIDGE, - ' o 2 2
2. LEE SIDE OF MOUNTAINS: vr:mcu. EDDIES WILL BE '

| PRODUCED BY GRADIENT WINDS, - |- ':
3. RIDGE TOPS - FIRE MAY BURN UPSLOPE AND CHANGE l

mwmmnmmrnmlmmormmm'

.| A
i..'|.‘ P I.'.l

4. STEEP SLOPES AND CANYONS CAN CAUSE FAST INTENSE
RUNS, i

5. THERMAL BELTS - CAN CAUSE HIGH xmnsm BURNING
AT NIGHT, '

. P —y e
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3. FIR: SFHAVIOR
A. CONVEGTION' COLUMNS INDICATOR OF AND UNSTABLE
CONDITION, I
G {
B. SPOTTING ' :
C. INTENSE BURNING INSIDE FIRE, {- |
D. TREE OR BRUSH TORCHING OUT, . 5 b - _ g
. FIRE WHIRLWINDS, : 3
TP : '
o o 2 -
’ [
i = i
L
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Dooroasing funl mody ture
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fuel

-----—l -
’ Increaso 3n clo.-::bustion rato
R\ v
Increaso 4n Decreaso. in combustion pariod Increnso ¢n
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probabiility Increaso in ratlo of tpread
k. 2
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Increase in eritical burnout timo ' )1\
Increase 4n available fuol
|
Increase in Inocreaso in
convection rate of 'apread
i v
! TNCREASE TN FIRE INTENSITY
Spotting £ : B
starting & ,|
| Upper air influcnces starting
Convection column forming
| Increase in % Z
spotting o AT
LARGE_INCREASE JN FIRE INTENSITY
N
Upper air influence
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Embers .
cerried
aloft
Fire changing to free convection )
' p
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TEMPERATURE
FUEL MOISTURE
WIND

HUMIDITY

BURNING INDEX
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