Forest Fire learning objectives

Essential questions: 
(provocative, gets at the heart of a knowledge discipline, no simple answers)
1. When is a fire “good” and when is it “bad”? 
2. What is the role of humans in managing or stopping wildland fires?

3. How does a simulation model help scientists, fire managers, and firefighters study forest fires?
Enduring understandings 
(what students should learn and retain; essential ideas)
1. A model is a simplified representation of some thing or process that exists in the world.

2. Three things are needed for a fire to start: heat, oxygen, fuel. Controlling one or more of these things enable firefighters to stop or contain a fire.

3. Three factors contribute to the spread of a fire: fuel, weather and topography. The ability to measure these factors help one build a good predictive model.

Fuel:

· Dense forests burn faster than less dense forests.

· Fuel consists of anything that burns. Sick or dead plants are more flammable because they contain less moisture than live plants. 
· Different plants contribute to the spread and intensity of fires. For example, while grass catches on fire and spreads quickly, it keeps it low to the ground which is much more manageable than when the fire reaches the canopy.  Shrubs act as "ladder fuels" and can bring (easier to control) ground fire to tree tops or house roof tops.

· Fuel characteristics that influence the start of a fire include: size and shape, arrangement, and moisture content.
· The main variable in ignition time is the ratio of the fuel's total surface area to its volume. Higher the ratio, less time it takes to ignite – e.g., twig versus log.
· Fuels that are somewhat spaced out will also dry out faster than fuels that are packed tightly together, because more oxygen is available to the thinned-out fuel. More tightly-packed fuels also retain more moisture, which absorbs the fire's heat.

Weather

· Three weather ingredients affect the spread of a fire: temperature, air moisture, and wind.

· Wildfires tend to rage in the afternoon, when temperatures are at their hottest.

· Winds supply the fire with additional oxygen, further dry potential fuel and push the fire across the land at a faster rate.

· fires themselves can develop wind patterns. When the fire creates its own weather patterns, they can feed back into how the fire spreads. Large, violent wildfires can generate winds, called fire whirls.

· It can even throw embers into the air and create additional fires, an occurrence called spotting. Wind can also change the direction of the fire, and gusts can raise the fire into the trees, creating a crown fire.

· The higher the humidity, the less likely the fuel is to dry and ignite.

Topography:

· Fires usually travel uphill much faster than downhill. The steeper the slope, the faster the fire travels.

· Fires travel in the direction of the ambient wind, which usually flows uphill. Additionally, the fire is able to preheat the fuel further up the hill because the smoke and heat are rising in that direction.

· When fires destroy all the vegetation on a hill or mountain, it can also weaken the organic material in the soil and prevent water from penetrating the soil. One problem that results from this is extremely dangerous erosion that can lead to debris flows.

4. Fire plays an essential role in many ecosystems. Some wildfires burn the underbrush of a forest, which can prevent a larger fire that might result if the brush were allowed to accumulate for a long time. Wildfires can also benefit plant growth by reducing disease spread, releasing nutrients from burned plants into the ground and encouraging new growth.
5. Firewise practices can provide a survivable space for homes and communities.
a. (1) Residents should use fire-resistant building materials, especially on the roof; (2) remove flammable materials from around homes; (3) create fire breaks with lawns, driveways, and walkways; (4) install screens on chimneys and burn barrels; (5) stack firewood away from homes; (6) provide appropriate space between plants and remove lower branches from trees; and (7) make sure the home address is visible from the street.

6. Managing the fuel load is one important way of preventing destructive wildfires. One can treat the fuel load (dead plant matter) mechanically (cutting/removing), biologically (animals consume plants), chemically (herbicides), or with a prescribed burn.

7. Prescribed fires are carefully planned to burn under the right conditions (fuel moisture, temperature, humidity, season, and wind) to produce the desired results (such as reducing fuel, removing unwanted plant species, or stimulating new growth).
8. Wildland fire managers use many different types of firefighting equipment and resources: hotshots, smokejumpers, bulldozers, helicopters, and air tankers. Each of these has a specific role in fire suppression and management. Some of the considerations for fire managers in using these resources are safety of use, costs, and environmental impacts.
a. Hotshots - Working in 20-person teams, the main job of these highly trained firefighters is to build a firebreak around the fire to keep it from spreading. A firebreak is a tract of land that has been stripped of any possible fuel for the fire. Hotshots are employed by the U.S. Forest Service. ground crews may also use backfires. Backfires are fires started by the ground crew that advance toward the burning wildfire. The goal of setting a backfire is to burn up any potential fuel in the path of the progressing wildfire.

b. Smokejumpers - These firefighters are the paratroopers who jump out of planes to get to small blazes located in remote areas. Their job is to suppress small fires before they are able to spread into larger ones. Smokejumpers use the same firefighting techniques as the Hotshots once they have landed on the ground. There are only a few hundred smokejumpers in the entire United States, all employed by either the Bureau of Land Management (BLM) or the U.S. Forest Service.
c. Air tankers (planes, helicopters) are often used to drop thousands of gallons of water and retardant onto fires.

d. Bulldozers are also used to create firebreaks but are more destructive to the ecology than hotshots, firefighters who create firebreaks by hand.
9. After a wildland fire or prescribed burn, fire managers and others work to restore the impacted ecosystems by planting and seeding the burned areas.

Other tidbits:
Most fires are caused by humans: 58 per cent of the wildfires that consume our forests and grasslands every year are caused by carelessness and could have been prevented. The rest, 42 per cent, are caused by lightning. http://www.howstuffworks.com/framed.htm?parent=wildfire.htm&url=http://www.cbc.ca/news/background/forcesofnature/forestfires.html
Many plants and animals have adapted to fire. Both lodgepole pine and jack pine have resin-sealed cones that stay on trees for many years. The heat of fire melts the resin and the cones pop open. Thousands of seeds then scatter to the ground and grow into new stands of pine. Woodpeckers feast on bark beetles and other insects that colonize in newly burned trees.

Standards

Massachusetts Science and Technology Framework

Life Science grades 6-8

17. Identify ways in which ecosystems have changed throughout geologic time in response to physical conditions, interactions among organisms, and the actions of humans. Describe how changes may be catastrophes such as volcanic eruptions or ice storms.
Physical Science grades 6-8
14. Recognize that heat is a form of energy and that temperature change results from adding or taking away heat from a system.
Scientific Inquiry Skills – high school

SIS1. Make observations, raise questions, and formulate hypotheses. 
· Observe the world from a scientific perspective. 

· Pose questions and form hypotheses based on personal observations, scientific articles, experiments, and knowledge. 

SIS2. Design and conduct scientific investigations. 
· Articulate and explain the major concepts being investigated and the purpose of an investigation. 

· Employ appropriate methods for accurately and consistently 

· making observations 

· making and recording measurements at appropriate levels of precision 

· collecting data or evidence in an organized way 

SIS3. Analyze and interpret results of scientific investigations. 
· Present relationships between and among variables in appropriate forms. 

· Represent data and relationships between and among variables in charts and graphs. 

· Use appropriate technology (e.g., graphing software) and other tools. 

· Use mathematical operations to analyze and interpret data results. 

· Assess the reliability of data and identify reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

· Use results of an experiment to develop a conclusion to an investigation that addresses the initial questions and supports or refutes the stated hypothesis. 

· State questions raised by an experiment that may require further investigation.
SIS4. Communicate and apply the results of scientific investigations.

· Review information, explain statistical analysis, and summarize data collected and analyzed as the result of an investigation. 
· Construct a reasoned argument and respond appropriately to critical comments and questions. 

· Use language and vocabulary appropriately, speak clearly and logically, and use appropriate technology (e.g., presentation software) and other tools to present findings. 

· Use and refine scientific models that simulate physical processes or phenomena.

National Science Education Standards
(National Committee on Science Education Standards and Assessment, National Research Council, 1996)

STANDARD: As a result of activities in grades K-12, all students should develop understanding and abilities aligned with the following concepts and processes:
· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Evolution and equilibrium

· Form and function

Systems and subsystems, the nature of models, and conservation are fundamental concepts and processes included in this standard. As another example, students in middle school and high school view models as physical copies of reality and not as conceptual representations. Teachers should help students understand that models are developed and tested by comparing the model with observations of reality.

SYSTEMS, ORDER, AND ORGANIZATION The natural and designed world is complex; it is too large and complicated to investigate and comprehend all at once. Scientists and students learn to define small portions for the convenience of investigation. The units of investigation can be referred to as ''systems." A system is an organized group of related objects or components that form a whole. Systems can consist, for example, of organisms, machines, fundamental particles, galaxies, ideas, numbers, transportation, and education. Systems have boundaries, components, resources flow (input and output), and feedback.

The goal of this standard is to think and analyze in terms of systems. Thinking and analyzing in terms of systems will help students keep track of mass, energy, objects, organisms, and events referred to in the other content standards. The idea of simple systems encompasses subsystems as well as identifying the structure and function of systems, feedback and equilibrium, and the distinction between open and closed systems.

EVIDENCE, MODELS, AND EXPLANATION Evidence consists of observations and data on which to base scientific explanations. Using evidence to understand interactions allows individuals to predict changes in natural and designed systems.

Models are tentative schemes or structures that correspond to real objects, events, or classes of events, and that have explanatory power. Models help scientists and engineers understand how things work. Models take many forms, including physical objects, plans, mental constructs, mathematical equations, and computer simulations.

Scientific explanations incorporate existing scientific knowledge and new evidence from observations, experiments, or models into internally consistent, logical statements. Different terms, such as "hypothesis," "model," "law," "principle," ''theory," and "paradigm" are used to describe various types of scientific explanations. As students develop and as they understand more science concepts and processes, their explanations should become more sophisticated. That is, their scientific explanations should more frequently include a rich scientific knowledge base, evidence of logic, higher levels of analysis, greater tolerance of criticism and uncertainty, and a clearer demonstration of the relationship between logic, evidence, and current knowledge.

CONSTANCY, CHANGE, AND MEASUREMENT Although most things are in the process of becoming different—changing—some properties of objects and processes are characterized by constancy, including the speed of light, the charge of an electron, and the total mass plus energy in the universe. Changes might occur, for example, in properties of materials, position of objects, motion, and form and function of systems. Interactions within and among systems result in change. Changes vary in rate, scale, and pattern, including trends and cycles.

Changes in systems can be quantified. Evidence for interactions and subsequent change and the formulation of scientific explanations are often clarified through quantitative distinctions—measurement. Mathematics is essential for accurately measuring change.
Scale includes understanding that different characteristics, properties, or relationships within a system might change as its dimensions are increased or decreased.

Rate involves comparing one measured quantity with another measured quantity, for example, 60 meters per second. Rate is also a measure of change for a part relative to the whole, for example, change in birth rate as part of population growth.

EVOLUTION AND EQUILIBRIUM Equilibrium is a physical state in which forces and changes occur in opposite and off-setting directions: for example, opposite forces are of the same magnitude, or off-setting changes occur at equal rates. Steady state, balance, and homeostasis also describe equilibrium states. Interacting units of matter tend toward equilibrium states in which the energy is distributed as randomly and uniformly as possible.

Science as Inquiry Standards
In the vision presented by the Standards, inquiry is a step beyond ''science as a process," in which students learn skills, such as observation, inference, and experimentation. The new vision includes the "processes of science" and requires that students combine processes and scientific knowledge as they use scientific reasoning and critical thinking to develop their understanding of science. Engaging students in inquiry helps students develop

· Understanding of scientific concepts.

· An appreciation of "how we know" what we know in science.

· Understanding of the nature of science.

· Skills necessary to become independent inquirers about the natural world.

· The dispositions to use the skills, abilities, and attitudes associated with science.

Science in Personal and Social Perspectives
STANDARD: As a result of activities in grades 5-8, all students should develop understanding of
· Personal health

· Populations, resources, and environments

· Natural hazards

· Risks and benefits

· Science and technology in society

NATURAL HAZARDS
· Internal and external processes of the earth system cause natural hazards, events that change or destroy human and wildlife habitats, damage property, and harm or kill humans. Natural hazards include earthquakes, landslides, wildfires, volcanic eruptions, floods, storms, and even possible impacts of asteroids.

· Human activities also can induce hazards through resource acquisition, urban growth, land-use decisions, and waste disposal. Such activities can accelerate many natural changes.

· Natural hazards can present personal and societal challenges because misidentifying the change or incorrectly estimating the rate and scale of change may result in either too little attention and significant human costs or too much cost for unneeded preventive measures.
RISKS AND BENEFITS
· Risk analysis considers the type of hazard and estimates the number of people that might be exposed and the number likely to suffer consequences. The results are used to determine the options for reducing or eliminating risks.

· Students should understand the risks associated with natural hazards (fires, floods, tornadoes, hurricanes, earthquakes, and volcanic eruptions), with chemical hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, viruses, bacterial, and parasites), social hazards (occupational safety and transportation), and with personal hazards (smoking, dieting, and drinking).

· Individuals can use a systematic approach to thinking critically about risks and benefits. Examples include applying probability estimates to risks and comparing them to estimated personal and social benefits.

· Important personal and social decisions are made based on perceptions of benefits and risks.

Project 2061 Benchmarks

(American Association for the Advancement of Science, 1993, 2008)

Common Themes: Models
By the end of the 8th grade, students should know that

· Models are often used to think about processes that happen too slowly, too quickly, or on too small a scale to observe directly. They are also used for processes that are too vast, too complex, or too dangerous to study. 11B/M1*

· Mathematical models can be displayed on a computer and then modified to see what happens. 11B/M2

· Simulations are often useful in modeling events and processes. 11B/M4** (BSL)

· The usefulness of a model depends on how closely its behavior matches key aspects of what is being modeled. The only way to determine the usefulness of a model is to compare its behavior to the behavior of the real-world object, event, or process being modeled. 11B/M5**

· A model can sometimes be used to get ideas about how the thing being modeled actually works, but there is no guarantee that these ideas are correct if they are based on the model alone. 11B/M6** (SFAA)

