
NJ Forest Fire     
Service 

Wildfire Prevention Education 

Lesson Plan # 5  - A (HW) 

Title/Topic: Blazing Laptops     
 
Group Level(s):  Group 5 
  
AE: 14 through 18 years 
 
Skills:   
 Students explore how digital maps and global satellite positioning 
 are helping firefighters control a blaze. Students will then research 
 what factors promote fire danger and various firefighting techniques. 
  
Learning Objective:  
 Students will:  
 1.  Use longitude and latitude to find a location on a map. 
 2.  Read and discuss the article "Fighting Fire With Technology as Computers Help Out," 
 focusing discussion on technology's role in fighting fires. 
 3.  Research and present findings on one of three topics: factors and conditions, which 
 promote fire danger, fire-fighting techniques, and specific strategies used in fighting the f
 fires. 
 
Time:  45 minutes, plus additional time for homework and presentations.  
 
Materials:   
 Copies of the New York Times article: 
 Fighting Fire With Technology as Computers Help Out  
 www.nytimes.com/learning/teachers/featured_articles/19981015thursday.html 
 NJ Pine Barrens Fire www.burlco.lib.nj.us/pinelands/fire.shtml 
 
Procedures: 
 Vocabulary:  
 wildfire, archeological, topography, endangered species, veteran, terrain, laptop, incident, 
 satellite, longitude, and latitude 
 
  WARM-UP/ DO-NOW: Ask students to find the locations of several places mentioned in the 
 articles. The teacher gives latitude and longitude, asking students to identify the places they 
 find at those coordinates. Alternatively, the teacher can give the names of the locations, 
 asking students to find their longitude and latitude coordinates. Locations include San  
 Bernardino, San Bernardino National Forest, Death Valley, Waterman Canyon, Los Angeles, 
 and Mojave Desert, New Jersey Pine Barrens. The teacher asks students to consider how long 
 it took them to find each place.  



 
Instructor’s Explanation: 
 Students read the articles; the teacher leads a group discussion based on the following 
 prompts:  

 
a. What factors other than the presence of buildings and archaeological sites might wildland 

firefighters need to consider when planning their strategy to fight a fire?  
b. What is a global positioning device?  
c. How does it utilize satellite technology? 
d. Why would digital maps that show topography, archaeological sites, and the presence of 

endangered      species be beneficial to wildland firefighters?  What other agencies might 
benefit from using this           technology? 

e. Although advanced technology is costly, do you think its use is justified? Why? Why not? 
f. What are the conventional strategies, techniques, and tools used to fight wildfires? 
 

  WRAP-UP/ HOMEWORK:  
 Present the following research topics to students:  

 Students (individually or in small groups) should choose one topic for a homework 
research project.  
 Students may write a research paper, give an oral report with visual aids, or create an 
informative display on a region in New Jersey.  
 After researching topic, students present their findings in class. 

 
Essential Closure Questions to be addressed by Instructor: 
 1--Should lives be risked and money and resources be used to fight wildfires in areas not 
 inhabited by people, or should such fires be left to burn?  
 
 2--Should zoning laws allow people to build homes in areas with a history of major wild fires?  
 
 3--Do you think technology will one day completely replace people in forest ranger stations? 
 Why? Why not? 

 
NJCCCS: 
Visual and Performing Arts 
Comprehensive Health and Physical Education 
Language Arts Literacy   3.1;3.2;3.3;3.4;3.5 
Mathematics 
Science  5.4; 5.5; 5.7; 5.8; 5.10 
Social Studies 6.6 
World Languages 
Technological Literacy 8.1 
Career Education and Consumer, Family and Life Skills 
 
References/Resources:  
Maps, from Excite  
(http://city.net/maps)  
New York Times 
http://www.nytimes.com/learning/teachers/lessons/19981015thursday.html 
 
Journey North: A Global Study of Wildlife Migration  
Calculating Your Own Latitude and Longitude  
(http://www.learner.org/jnorth/1997/orientation/global.html) 



Additional Related Articles: 
"Fighting Fire With Technology as Computers Help Out." 
Other Information on the Web 
Weather Search, from Excite  
(http://www.excite.com/weather) 



NJ Forest Fire     
Service 

Wildfire Prevention Education 

Lesson Plan #  5-B (HW) 

Title/Topic: SMOKEY BEAR TAKES ALGEBRA  
   For advanced students. 
 
Group Level(s):  Group 5 
 
AE: 14 through 18 years 
 
Skills:   
 Students will be able to work with the Angstrom and Nesterov Indexes. To complete the  
 activities related to these indexes, students should be comfortable with linear, quadratic and 
 exponential functions. Summation notation is also used with the Nesterov index. Graphing 
 calculators are required for completing some of the activities.   For advanced students. 
 
Learning Objective:    
 This lesson introduces students to the many factors that play a role in creating a forest-fire 
 danger-rating index.  They will be looking at how we use a scale to quantify the abstract idea 
 of wild fire danger. Using the real-world situation, students examine the meaning of the slope 
 and intercepts of a line. To complete the activities related to these indexes, students should 
 be comfortable with linear, quadratic and exponential functions and their graphs. Students’ 
 facility with a graphing calculator is assumed. Students also use summation notation to do 
 the activities relating to the Nesterov index. This lesson plan was adapted from the article 
 Smokey the Bear Takes Algebra," which appeared in the October 1999 issue of the 
  Mathematics Teacher.  
 

 Students will be able to:  
•  explain the relationship between relative humidity, temperature and the likelihood of fire-

 danger  
•  explain the real-world meaning of the intercepts and slope in the Angstrom index. 
•  use summation notation to find the Nesterov index for each of the thirty-one days in August  
•  use graphing calculators to find equations to model the relationship between the slope of the 

 land versus rate of fire spread 
 
Time:  Two to three Class Periods 
 
Materials:  
 (Please refer to lesson 4-C “Fire Danger Rating System” for additional assistance if  
 necessary.) 

 
Meet Smokey Activity Sheet  
http://illuminations.nctm.org/lessons/9-12/smokey/SmokeyBear-AS-MeetSmokey.pdf    



Angstrom Index Activity Sheet  
http://illuminations.nctm.org/lessons/9-12/smokey/SmokeyBear-AS-AngstromIndex.pdf   
Nesterov Index Activity Sheet  
http://illuminations.nctm.org/lessons/9-12/smokey/SmokeyBear-AS-NesterovIndex.pdf  
Graphing calculator  
http://illuminations.nctm.org/lessons/9-12/smokey/SmokeyBear-AS-Rules.pdf  

 
Instructor’s Explanation: 
 To begin the lesson, gather background knowledge from students about wildfires. 
 

• Where are Smokey Bear fire danger signs located? 
• Why are these signs important to the public? 
• What is the difference between high danger of a wildfire and very high danger?  
• What are some of the extreme losses that occur during uncontrolled wildfires? 

 
 To get students thinking about the factors that are considered when rating fire-danger, dis-

tribute copies of the Meet Smokey Bear activity sheet.  Go over the introduction with students, 
and have them work in small groups to answer the questions. 

 
Solutions to Meet Smokey Bear 
1: Relative humidity, wind speed, the number of days since the last rainfall, the terrain, the 

nature of the    available fuel (e.g., grasses will burn more readily than brush, which will 
burn more readily than redwood trees); in general, the finer the fuel, the greater the fire 
danger.  

2: Answers will vary. Students should justify their hypotheses.  
3: Hilly terrain causes fires to spread more quickly. The greater surface area of the ground 

that is exposed to flame, the quicker the fire will spread. Flames will preheat the fuel that 
is upslope of the fire, making       ignition easier. 

4: To combat fires effectively, firefighters need to deploy personnel and physical resources in 
the optimal way. Where should trenches be dug? Where should helicopter teams be sta-
tioned? How much of the fire-fighting resources of personnel and material need to be 
used, and when? How can people be kept safe? Students should see that the model is use-
ful in preparing for controlling fires. 

 
 Next, explain to students how the National Fire Danger Rating System, or NFDRS 

 (lesson 4-C), is a tool used for predicting and controlling fires.  The NFDRS takes in many 
 environmental variables, such as the factors students just discussed, to predict the rate of 
 spread of a fire.  Experts create an index using these inputs and compare it with the fire 
 history of a given area, and one of the five ratings is given: low, medium, high, very high, or 
 extreme.  Fire management officials uses these ratings in making decisions about deploying 
 personnel and other resources that will aid in fire suppression.  Since the NFDRS is a  
 complex system, simpler indexes, the Angstrom and the Nesterov, are examined during this 
 lesson. 

 
 Distribute the Angstrom Index activity sheet, and explain that this index is a simpler 

 precursor to the NFDRS. It was designed so that fire-danger could be computed mentally; in 
 fact, it is the only index in use that can be calculated in this way. Go over the introduction 
 with students, pointing out the factors that are used in this index and those that are not. 

  
1. What does I represent?  
2. As I increases, what is happening to fire danger?  
 Be sure they see that the value of I and the chance of fire are inversely related: the 

 greater the value for I, the smaller the chance of fire. 



 
 Note: Teachers may wish to rewrite the formula in terms of a Fahrenheit scale for 

 students unfamiliar with Celsius temperatures. For example, a window in which x 
 (temperature) varies from 0 to 40 degrees Celsius will take into account all reasonable 
 temperatures, 32 degrees to 104 degrees Fahrenheit, for the fire season in most areas of 
 the United States. Having students think of Celsius temperatures in multiples of 5 makes 
 conversion easier for them. 

 
Solutions to the Angstrom Index 
1: Students should obtain a line with negative slope in the first quadrant.  
2: The intersection of the line in question 1 with the horizontal line y = 2 occurs at x = 24.5, 

or 76.1 degrees on a Fahrenheit scale, and with the horizontal line y = 4 at x = 4.5 or 
40.1 degrees Fahrenheit.  

3: The slope can be described as how much the fire-danger rating changes for each degree of 
change in      temperature for the given humidity. Students should make the connection 
that for the given relative humidity, the fire danger increases as the temperature in-
creases. The x-intercept, 44.5 in this example, represents the temperature at which the 
fire index becomes 0, whereas the y-intercept is the fire-danger when the    temperature is 
0 degrees. Any value of x greater than 44.5 will result in negative values for the fire index. 

4: When the humidity is raised to 40 percent, students should see that the new line is paral-
lel to the original line with a slightly higher y-intercept. If students are using the Celsius 
scale, they can get a nice picture by restricting the calculator window to [0, 50] by [0, 
5]. The Celsius temperatures at which fire danger becomes likely and unlikely, respec-
tively, are 27 and 7; those temperatures in degrees Fahrenheit are 80.6 and 44.6. 

5: To obtain these last answers algebraically, students need to solve the linear inequality  

 
with the appropriate values substituted for R. 

6: When students hold the temperature constant instead of the humidity, they obtain a line 
with a positive slope that represents the change in fire danger per increase in percent hu-
midity. At the given temperature, fire danger is very likely at a relative humidity at or be-
low 46 percent; fire danger is unlikely for relative        humidity greater than 86 percent. 
Again, some confusion might arise because of the inverse nature of the meter: low num-
bers mean higher fire danger. But students should be able to understand that as relative 
humidity increases, the chance of fire occurring decreases. Thus their graphs should con-
firm their scientific understanding. When the temperature is raised to 35 degrees Celsius, 
the relative humidity at which fire danger is likely or unlikely becomes 56 percent and 96 
percent, respectively. 

7: Fixing the relative humidity and considering only temperature change produces a line with 
a slope of      magnitude .1; fixing the temperature and considering only relative humidity 
produces a line with slope .05. The index seems to be more sensitive to temperature 
change. 

 
 Next, students will examine another rating system, the Nesterov Index. To use the 

 Nesterov index, students will need a month of weather data (dew point, temperature, and 
 relative humidity), preferably for the area in which they live. As an alternative, data for a 
 typical thirty days in the summer in Asheville, North Carolina, is included in the activity 
 sheet. 

 



 Distribute the Nesterov Index activity sheet. Go over the introduction with students, 
 and explain that the computations begin on the first spring day when the high temperature is 
 above freezing and continue until a rainfall of 3 mm, whereupon the process starts anew. 

 
Solutions to Nesterov Index 
 2: The principal virtue of the Angstrom index is its ease of computation. The fire  

 danger can be computed mentally when the data are available. Neither of the rating systems 
 is particularly comprehensive, as neither takes into account wind speed, terrain, or fuel 
 moisture.  

 
 As a closing, distribute the Rules of Firefighting activity sheet. This activity allows 

 students to work with some rules that firefighters have incorporated into their set of tools.  
 

Solutions to Rules of Firefighting 
  1: This rule deals with the moisture content in potential fuel, an important aspect of 

fire danger that is not  directly addressed by the Nesterov and Angstrom indexes. Students 
should indicate the fuel-moisture level on the independent axis, and the rate of spread on 
the dependent. The nature of the information demands that the graphs be qualitative. 
Graphs of fine and large fuels should overlap on the intervals [0, 5] and [10, 15]. On the 
interval between 5 percent and 10 percent, the fine-fuel graph should be higher than that 
for large fuel, whereas for fuel-moisture values greater than 15 percent, the fine-fuel 
graph should find its way down to the horizontal axis. 

   2-4: Here, students are given a practical application of geometric or exponential 
growth. Students must also    decide what is reasonable for wind speed: 28 meters a sec-
ond is roughly equivalent to 60 miles an hour, an unreasonable wind speed in fire season. 

  5: The rule is another example of a geometric or exponential relationship.  
  6: The data in the chart are not particularly linear. Linear, quadratic, and expo-
nential-regression models obtained on a TI-83 calculator for grass, loose litter, and tightly 
packed litter are given in the following chart:  

 
 
 
 
 
 
 
 
 
 
 
 

  
 The exponential model for all three types of fuel is a much better fit than the linear 
models and a somewhat better fit than the quadratic; nonetheless, students with minimal 
experience with regression can find a line of best fit. 

 

  Grass Loose Litter Tightly 
Packed Litter 

Linear 1.85x - 20.97 .93x - 9.9 .46x - 4.49 

Quadratic .06x2 - 1.5x+ 7.09 .03x2 - .75x + 
4.04 

.01x2 - .38x + 
2.51 

Exponential 1.13(1.08)x .93(1.07)x .81(1.06)x 



  
Essential Closure Questions to be addressed by Instructor: 

What is the relationship between relative humidity, temperature and the likelihood of fire-
danger ?  

Explain the real-world meaning of the intercepts and slope in the Angstrom index.  
 
NJCCCS: 
Visual and Performing Arts 
Comprehensive Health and Physical Education 
Language Arts Literacy 
Mathematics  4.1; 4.2; 4.3; 4.4; 4.5   
Science 5.3; 5.7; 5.8; 5.10 
Social Studies 
World Languages 
Technological Literacy 
Career Education and Consumer, Family and Life Skills 
 
References/Resources: 
National Council for the Teachers of Mathematics 
National Interagency Fire Center www.nifc.gov 
 
Mathematics Teacher http://my.nctm.org/eresources/journal_home.asp?journal_id=2 




















