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Forest Science 

Unit 5:
Fire and the Forest
Lesson 5:
Factors Affecting a Prescribed Fire

Georgia Performance Standards:  AG-FS-5-D

Academic Standards:……………………………………………. ELA9LSV1, ELA9LSV2, SCSh2, SCSh9
Objective: 

Analyze the factors affecting a prescribed fire.

Teaching Time:

2 hour
Grades: 9-12

Essential Question: What are the factors that affect a prescribed fire?
Unit Understandings, Themes, and Concepts:

Students will learn what factors affect a prescribed fire and how these factors can be manipulated to achieve the desired result.
Primary Learning Goals:

Students will be able to explain the different factors affecting prescribed fires.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:

A Guide for Prescribed Fire in Southern Forests. Technical Publication R8-TP11
Georgia Forest Landowner Manual Cooperative Extension Service. University of Georgia. Athens, GA.
Forest and Forestry, Interstate Publishers, 



Inc.  Danville IL. 

http://www.gfc.state.ga.us
Materials and Equipment:

dry-erase board

Overhead

Handouts 5.5.1-5.5.3
PowerPoints:
Web Resources:

Georgia Performance Standards:

AG-FS-5.  The student will be able to develop an understanding of the role of fire in a forest environment.

d. Analyze, plan and evaluate a prescribed fire.

Academic Standards:
ELA9LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions. 

ELA9LSV2  The student formulates reasoned judgments about written and oral communication in various media genres. The student delivers focused, coherent, and polished presentations that convey a clear and distinct perspective, demonstrate solid reasoning, and combine traditional rhetorical strategies of narration, exposition, persuasion, and description. 

SCSh2  Students will use standard safety practices for all classroom laboratory and field investigations.

SCSh9  Students will enhance reading in all curriculum areas.

Teaching Procedure
Introduction and Mental Set
Have the students share stories about forest fires that they have seen in the news.  Ask them the difference between a forest fire and a prescribed burn.  Why is a prescribed burn beneficial for the forester?  Who has ever witnessed a prescribed burn?  What did they observe?

Discussion

1.
Ask students: What factors do you think would contribute to a successful prescribed burn.  

List on board.
2.
List for students those factors which contribute to a successful prescribed burn.  


The first and most important part of prescribed burning is to determine conditions 
that exist on and around the area you want to burn. Consider stand height, fuel 
conditions, weather, season of the year and type of fire you will use. One should 
know how these conditions will affect the behavior of the fire and the desired 
objective. 

 (a) Fuel Conditions -- Fuel conditions refer to the amount and the arrangement of the fuel, along with the desired intensity of the fire, will determine the type of fire to use and what weather conditions will be favorable. A continuous litter of pine needles or grass is usually needed for prescribed burning. On most well-stocked pine sites, fuels reach critical levels in about five years and need to be reduced. In addition to the ground fuels there are low growing shrubs draped with fallen pine straw that cause a level of aerial fuels. The combination of ground and aerial fuel can produce great quantities of heat. To reduce these fuels by prescribed burning requires knowledge of exact weather conditions to prevent flames from carrying excess heat into the tree crowns. The initial burn is made when the humidity is around 50% and the lower litter fuel moisture is at a relatively high level 20+ percent. With a strong wind and a low air temperature (50°F. or less) a backfire can be used successfully under a stand of medium height trees. 

(b) Weather Factors -- A successful prescribed burn depends on a basic knowledge of weather. Weather information is available daily from the Georgia Forestry Commission. To prescribe burn one should have a general understanding of the effects of the following weather elements on the burn: 

1. Temperature -- 20°F. to 60°F. is the ideal range for winter burning. Low temperature help prevent damage to needle or stem tissue. Burning for hardwood control or site preparation is often best accomplished with summer burning with air temperatures 80°F. or above. 

2. Wind -- Steady 2 mph to 10 mph northerly is best. Steady wind direction and speed are vital to good burning. The wind is necessary to supply oxygen to the fire. Wind also helps to dissipate heat from the fire. 

3. Relative Humidity (R.H.) -- 30% to 50%. The relative humidity range for most prescribe burns should be from 30% to 50%. R.H. is the actual amount of moisture in the air in relation to the total amount it can hold. A 20 degree rise in temperature can reduce the R.H. by about half. This much change in R.H. can change a fire from one that will hardly burn to one very difficult to control. 

4. Rainfall -- 1/2 inch to 1 inch, one week before burning. The effect of rainfall on burning depends on the amount of rain, the duration, the length of time, and drying conditions since the last rain. For most prescribed burns, the upper litter layer should be dry to touch (5 -12 percent fuel moisture). The thin organic layer on the top of the mineral soil should be moist, and the soil beneath should be damp. These conditions normally permit an effective burn with good fuel consumption and minimum smoke. 

(c) Season of the Year -- The winter season burn offers the advantage of less damage to the stand, generally more predictable weather, and steady winds. The summer burns offer a hotter fire to burn more of the rough for seedbed and site preparation. 

(d) Time of Day -- Day time fires offer better weather and working conditions. Help is more available. Problems with night burning are lighter winds and the relative humidity goes up. Prescribed burning should start about 10:00 a.m. and firing stopped so the area will burn out by night. Many times in the winter strong cold front move through with steady winds and low humidity that present excellent conditions to prescribe burn. 

(e) Types of Fires -- The use of fire vary with the different conditions of weather, fuel, and topography. Fires moving in the same direction as the wind are called "Headfires." Fires moving in the opposite direction of the wind are "Backfires." Fires moving at a right angle to the wind are called "Flank Fires." Headfires generate the most intense heat and travel at the fastest rate. Backfires move the slowest and are the least intense method of burning. The Flank Fire is intermediate both in intensity and speed of movement. 

1. Backfire -- This technique of burning should be used in areas that have not been burned in several years. One should have a steady 4 to 10 MPH wind from a suitable direction, with the fire is set on the windward side and close to the edge of a clean firebreak or road. Generally backfires will only burn at most 100 feet per hour, so areas over 600 - 1000 feet wide should be divided by additional firebreaks. Once the fire has burned away from the first break the next break can be ignited. Backfires are well suited for sapling size stands and plantations 15 feet or more in height. 

2. Strip Head Fire -- Generally you do not use this technique on timbered areas unless a backfire has been used to reduce the fuel. You still should use a backfire to form a secure base line to burn into. Striphead fires should not be much wider than 75 to 150 feet. By keeping the lines of fire close together so they soon burn into another burned area, they will not build to a high intensity of heat. Winds should be around 2 to 5 MPH for this type burning. Its chief advantage is being able to burn large areas much faster. 

3. Flank Fires -- A flank fire is more often used to supplement other burning techniques. A line of fire is set into the wind and burns outward at right angles to the wind. A flank fire can be used with a backfire to catch up a section of the line that is burning too slowly. It is quite often used to secure the flanks of a backfire or striphead fire. Fires behave somewhat differently in hilly country. Most fires moving uphill are headfires, and those moving downhill are backfires. When burning in these type areas, wind and slope must be considered. 

4. Burning Interval -- Pine stands must be burned every few years. Generally a single burn will not accomplish all the requirements for which it was intended. Hazard reduction burns should be made every 2 to 5 years to protect an area. This cycle also may be suitable for managing wildlife and maintaining accessibility in an area. You may have to have a couple annual or biennial summer burns to reduce hardwood stems and sprouts to get good pine regeneration. One prescribed burn may start height growth of longleaf seedlings stunted by brownspot needle blight. In heavily infected areas a second burn may be necessary two years later.

3.
Obtain printed weather information for a given day from Georgia Forestry Commission and have students use information to see if that day would be a favorable day to burn.  Have students collect weather information for several days and determine best dates for burning.  Handouts 5.5.1 and 5.5.2.
4.
Use various equipment from a science department to take temperature, wind velocity, relative humidity, etc.  

Go over this information and review how it is used to make decisions about whether to burn or not.
5.
Activity 

Complete the attached Wildfire Behavior Laboratory.  Handout 5.5.3.
Summary
To have a successful prescribe burn, many factors must be considered before starting the burn.  Most of this information can be obtained from the local Georgia Forestry Commission Office.

Evaluation

Written exam over Unit 5.

5.5.1

Georgia Forestry Commission
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Fire Weather Forecast

5.5.2
Terms
Sky Conditions

Partly Cloudy

Mostly Cloudy

Cloudy

Partly Sunny (partly cloudy)

Mostly Sunny (few clouds, otherwise sunny)

Sunny

Fair (Same-indicates few clouds)

Mostly Fair (possibly even high thin overcast)

Clear 

Variable Clouds (in and out clouds)

Increasing Clouds (similar to partly cloudy)

Decreasing Clouds (similar to partly cloudy)

Clearing (usually used with frontal systems)

Partial clearing

Foggy

Temperatures
Degrees Fahrenheit -
Daytime high

Nighttime high

Relative Humidity
Percent Relative Humidity-Daytime low

Nighttime high

Probability of Precipitation
Percent of probability - The higher the number the more likely one is to get the precipitation forecast.

During the summer months, this probability term will frequently be replaced with a coverage term:

· Few (showers / thunderstorms)

· Isolated (showers / thundershowers)

· Widely Scattered (showers / thunderstorms)

· Scattered (showers / thunderstorms)

· Numerous (showers / thunderstorms)

Precipitation Type
Mostly self-explanatory.  Modifiers such as “afternoon,” “evening,” etc. indicate the preferred time of day for the event.

5.2.2(cont.)
Modifiers such as a light, moderate, etc. refer to intensity.

Precipitation Duration
The duration, in hours, of expected precipitation in the indicated period

SFC Winds (OPEN)
Wind direction and speed in open field

Canopy Winds
Winds under a forest canopy

Smoke Dispersion Index
Index Value



Description
101 or above



Very Good

61-100



Good

41-60




Generally Good

21-40




Fair

13-20




Generally Poor

7-12




Poor

1-6




Very Poor

The higher the index, the better the dispersion.  Should never be used alone in deciding to initiate a burn.

Smoke Management Adjective
One of two word interpretation of Smoke Management Index. (See Description above)

Fog Potential
· High-Potential for fog formation or persistence is high.  May indicate widespread fog development.

· Moderate - significant potential exists for fog formation.  An example of conditions needed would be rain followed by clearing, cooler temps, and light winds.

· Slight - Some potential for fog formation

· Patchy - Patchy fog formation is possible but may not be widespread.  An example of this would be fog development in low lying areas such as stream valleys, and near lakes or the equivalent.

5.2.2(cont.)
Low Visibility Occurrence Risk Index (LVORI)
Indicates potential for visibility problems at night

1-3
Low probability of problems

4-7
May or may not have problems

8-10
High probability of problems

Mixing Height
Height above ground where dispersion will generally occur.  Given in meters and feet.

Transport Wind Speed
The average wind speed within the smoke mixing layer.  Given in meters/second and m.p.h.

Turner Stability
Numerical category describing atmospheric stability, ranging from 1 (very unstable) through 4 (near neutral) to 7 (very stable)

Atmospheric Tendency to Promote Fire Behavior
Directly linked to Turner Stability Index.  Value 1 indicates erratic fire behavior, 2 - intense, 3-6 normal, 6-7 subdued.

Plume Trajectory
Direction a smoke plume would move

Drying Potential
Measure of evaporation potential: very high, high, moderate, or low.

Available Sunshine
An estimate of available sunshine (in hours) during daylight periods based on time of year and cloud cover.

5.5.3
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WILDLIFE BEHAVIOR

LABORATORY

OBJECTIVE: To demonstrate the affect of topography, humidity, fuel moisture and fuel distribution on wildfire behavior.

MATERIALS:

1. Two pieces of plywood
2. Shredded paper or other fuel source
3. Spray bottle filled with water
4. Matches or lighter
5. Stopwatch or wrist
6. One 3" block and one 6" block
SAFETY PRECAUTIONS: You are working with flammable materials and live fire.  Keep flame away from sources of fuel or explosives.  Perform experiment in an open, ventilated area.  Wear safety goggles and keep your hands and clothing away from flames.
METHODS

AFFECT OF TOPOGRAPHY ON WILDLIFE
1. Take 1 piece of plywood and lay flat on the table or ground.  Take one bag of pre-measured fuel or shred as directed by instructor and spread evenly on the board.
2. One student light the material and a second student begin the timer when the fuel ignites.
3. Stop the timer when all the fuel has burned or the fire stops.
4. Record your results on table.
5. Repeat steps 1 through 4 except this time place a 3" block and a 6" block under the plywood.  Record your results for both blocks.

5.5.3(cont.)
AFFECT OF FUEL DISTRIBUTION
1. Take one piece of plywood and evenly distribute shredded paper on wood.

2. One student ignites the fuel and another start timer when fuel ignites.
3. Stop timer when all fuel has burned or flame extinguishes.
4. Record your results.
5. Repeat above exercises except this time clump your fuel in small clumps making sure each pile touches.  Observe for time, intensity of heat and height of flame.
AFFECT OF FUEL MOISTURE

1. Take two pieces of plywood and lay flat on the table.
2. Evenly distribute the fuel on the board.
3. Spray three squirts of water on one board and leave the other board dry.
4. Ignite the dry fuel first and time and record the time required to consume the fuel.
5. Ignite the moist fuel and time.  Record your results.
6. Repeat the experiment twice by squirting the fuel 6 times and 12 times.  Record your results each time.

ALTERNATIVE EXPERIMENTS
An alternative to these experiments is to leave the fuel outside and one set in the room.  Follow the directions in fuel moisture.  Repeat the experiment on topography except ignite the fuel at the top of the slope.  Try different sizes of fuel to determine the affect of fuel type on wildfire control.

Have students blow lightly on one fire and allow the other to burn naturally.

TABLES

AFFECT OF TOPOGRAPHY

	Flat Terrain
	Elevated 3 inches
	Elevated 6 inches

	
	
	


AFFECT OF FUEL DISTRIBUTION
	Evenly Distributed Fuel
	Clumped Fuel

	
	


5.5.3(cont.)
AFFECT OF FUEL MOISTURE
	Dry Fuel
	3 sprays of moisture
	6 sprays of moisture
	12 sprays of moisture

	
	
	
	


QUESTIONS FOR DISCUSSION AND THOUGHT
1. Based upon your results in your experiment on the affect of topography on wildfire behavior, what conclusions would you come to?
2. Does fuel burn faster uphill?  Why?

3. How does the distribution of fuel affect the rate of burn?

4. How would prescribed burning affect the distribution of fuel?

5. What conclusion can you draw from your experiment on fuel moisture?

6. Based upon the results of all of your experiments, what strategies would you use if you were the crew boss on a fire line?


By Larry Williams

Individual Learning Activity

Lesson:
Factors Affecting a Prescribed Fire
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

Analyze the factors affecting a prescribed fire.

Minimum Requirements:
1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.


	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Factors Affecting a Prescribed Fire
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

Analyze the factors affecting a prescribed fire.

Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Factors Affecting a Prescribed Fire
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

Analyze the factors affecting a prescribed fire.
Minimum Requirements:
Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option
1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.
Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Teacher Notes
Essential Question: What are the factors that affect a prescribed fire?

Vocabulary

Headfires

Backfires

Flank Fires
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