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Teachers Introduction to the Weather and Mathematics Unit
This package is a flexible curriculum that can be taught as a single unit over the course of six to eight weeks or in smaller sections throughout the school year. It builds on the experience, interests, skills, and knowledge that students already have and develops these through hands-on activities, real data, and students’ own questions and projects.
The students learn mathematical concepts as they analyze real-time weather 

data and make predictions and hypotheses based on the historical weather data. These experiences go beyond basic skills to elicit higher-level thinking, reflection, and the communication of mathematical ideas.

As a teacher you will not only to help students learn new concepts and acquire or develop new skills but also to help them identify and define new problems, propose solutions, and try out their solution strategies to see what works best. In these ways, students will learn that mathematics is not a cut-and-dried series of rules and skill sets, but a tool that, when 

used thoughtfully and creatively, allows them to solve real-world problems as well as textbook problems.

Having the students work in groups allows them to work as a team, which is an increasingly valued skill in our society. Today’s students must prepare for joining a workforce in which complex tasks can be accomplished only through team effort. Individual achievement will continue to be important, but perhaps now more than ever before, individuals must also learn to cooperate with others and contribute fully to a group to ensure their own success. Group-work in mathematics class can be highly motivating for students, provided that the ground-rules are understood and accepted. Many excellent books offer details about how to manage group-work in the classroom. The resource list at the end of this overview suggests a few. This does not mean that forming the students into groups has to be a project that the teacher must undertake in order for it done be done properly.  Simply allowing students to move their desks together is one of the easiest and most effective ways to facilitate their group-work. You may also want each group to decide on a team name and perhaps do one or two group-building activities before starting this unit. Another point to remember in managing student group-work is to make sure that each member of the group is productively engaged, respectful of other members of the group, and fully accountable for the work produced by the group as a whole.

An important benefit for students that comes from working with a partner or in a small group is that doing so encourages them to articulate their ideas. Students are capable of accomplishing a great deal when they can talk to their peers. One person’s ideas will trigger another’s, and solutions to problems can often emerge in this way. Thus, two or more students working together are likely to deepen their understanding to a greater extent than if they were working strictly on their own.
Integrating the four language arts (speaking, listening, reading, and writing) into the 

mathematics curriculum helps students “compare experiences, clarify their thinking, 

and develop an understanding of how the mathematics they study in school is related 

to the mathematics they experience in the ‘real world’”

Students will communicate their ideas by talking, in writing, and with tables, graphs, 

and other representations of data. In whole-class discussions and in small group 

sessions or individual interviews, encourage students to explain what they are doing 

and to share what they have learned with other members of the class. Invite students to 

describe a problem they have encountered, and challenge others to propose ways to 

solve the problem. Or ask students to detail the steps they followed to solve a problem, 

and compare the strategies used by different students.

You may need to brush up on your own knowledge of weather before starting these activities and this is a great web site you can go to: http://www.ec.gc.ca/envhome.html
This site has links for current weather conditions and downloads for current satellite images also.  If you need more information about temperature, this is a good web site: http://www.unidata.ucar.edu/staff/blynds/tmp.html
Go through the lessons before hand and visit the links that are in the Hurricane Juan lessons; these are very informative and will give you a head start.

Included in the Teacher’s Package are all the lesson plans and activity plans, plus all the data sheets that need to be transferred to an acetate sheet for the overhead projector.  The Student’s Package only contains the data sheets and worksheets that the students will need for each lesson plan and activity.

Good Luck in your journey through Math and Weather.  We hope your experience is an enjoyable one!
Developed by:  Matthew O’Toole, Kate Wyand, and Joclyn Burke

At Acadia University, Wolfville, Nova Scotia

March, 2004

MATH – GRADE 8
LESSON PLAN 1 – Global Warming
Activity 1:  Establishing background information

Objective:  To make sure that all students are relatively up to speed on their understanding of global warming.  
Time - one 50 min class                                                        

Procedure

1. For the first few minutes of the class, the teacher will try and find out what the students know about global warming.  This will be a class discussion with the teacher directing it by asking questions like “What is global warming?”  
2. After about 10 minutes, the students will be allowed to go to the school computer lab, or any available computer area and research the subject.  The students will work in groups of 2 or 3.  
3. The students will return to class after about 20 minutes and will write about 1 page telling the teacher what they have discovered.  These essays will be collected by the teacher at the end of class.
Assessment: This is an introductory lesson to the topic and therefore there is not much of a summary. The lesson is more so the teacher can learn where the students are on the topic and so he can compare the essays with ones to be written in a later activity.
Activity 2:  Heat Traps
Objective: Students will design and construct models illustrating the heat-trapping abilities of the major greenhouse gases. 

SCO’s:  D8 – Measure and calculate volumes of surface areas of composite 3-D shapes
              F9 - evaluate data interpretations that are based on graphs and tables 

Time:  This activity will take one 50 min class.

Materials: graph paper, scissors, calculators, tape, markers, scratch paper

Greenhouse Gas Data -- Heat Trapping Ability Compared to CO2 
Carbon Dioxide (CO2) -- 1
Methane (CH4) -- 20 -30
Nitrous Oxide (N2O) -- 180
Chlorofluorocarbons (CFCs) -- 10,000 (this will not be built, it is just here for the teachers information)
Procedure:  
1. To start, have the students build cubes that will show the different heat-trapping abilities of the major greenhouse gases listed above.  It is best to do this in small groups (3 or 4).  Since all of the above gasses are reported as compared to CO2, you can represent CO2 by one square cube. If a particular gas is known to trap three times the amount of heat as CO2, you would build a model that is the size of three CO2 cubes.  

2. When this is finished students should represent the data in a bar graph.  (note- it will not be possible for the students to model the CFC’s, it is just too big.  They are here only so the students can see just how much worse they are)
Make a square model for the other gases listed.  Which gas do you think has the most effect on global warming? Why?
Assessment: The students will be expected to complete the worksheet in their student package.  They may have time to start it in class but it will be finished as homework.  Also, the students will need to bring a power bill from home in for the next class.  The teacher should try to have a few on hand for those who forget. 

Activity 3: What Can I Do?

Objective:  Students will work out how their own energy use contributes to the global warming problem.
SCO’s:

· B13 – solve and create problems involving addition, subtraction, multiplication, and division of positive and negative decimal numbers. 
· SCO-B4:  apply percentage increase and decrease in problem situations
Time:  This activity will take one 50 min class.

Materials:  The students will need a calculator and their energy use data (see Student Package for worksheets)
Procedure:  Electric companies bill for the number of kilowatts. One kilowatt is equal to 1,000 watts. A KWH is a kilowatt-hour.  
1. Have the students work out their total KWH used by multiplying their number of kilowatts used by the time used for each appliance. 
2. Have students total up their total kilowatts used.  A good conversion to use is:  1 KWH is equal to 1.35 lbs (0.613 kg) CO2.  This is not totally accurate but will give students a good idea of what’s going on. 
3. Have students work out their total lbs CO2 emitted for the night.  
4. Next the students will calculate how much that would be for a year.  Get the students into groups of 4-5 and get them to work out how much their group uses.

5. If time, gather all the information on the overhead and let students work out how much the class emits in a night and how much the class emits in a year.

Assessment
1. Which appliances used the most electricity?

2. Which appliances used the least electricity?

3. Assume you are the average citizen.  What would be your town’s total emissions for one year if, on average, everyone used the same amount of power as you?

4. Have the students decide which appliances they could have done without or used less.  Get them to once again work out their CO2 emissions.  How much of a difference is there?  Get the students to express their answers as percentage decreases.  SCO-B4:  apply percentage increase and decrease in problem situations
This summary will give the teacher a good idea on how the class is at comparing numerical data.  The other areas touched are percentage increase and decrease in problems and in conducting statistic projects to solve problems.
If there is time left:  The average tree removes 13-48 lbs of CO2 from the atmosphere each year. For simplicity sake, use the average of this (13+48)/2.  Have students approximate the number of trees in the schoolyard, their houses, a local park etc and work out how much CO2 is being removed by these trees. Message:  Trees are vital to controlling global warming.  

Activity 4: Are we all doomed?
Objective:  In this lesson the students will make educated predictions on our planet’s future climate.

Time:  This lesson will take one 50 min period
Assessment:  By this point the students should have a good understanding of CO2’s involvement in global warming.  Going back to the first section, Where have we come from? , and using what you now know about global warming, do you think we have anything to worry about?  Is global warming bad or is it a natural occurrence? Use the trends you have seen in your data to predict what the graph of the earth and your communities average yearly temperatures will look like in the future. Do you think global warming is something to be worried about?

 As a summary activity, students will write another essay on what they think all this data means.  They should focus on questions like is this data accurate?  Is global warming a bad thing? Etc. These essays are to be handed in at the end of class. This essay will give the teacher a good idea of whether or not the class is understanding data interpretation.
LESSON PLAN 2 – Graphing and Comparing Weather
Objectives – The students will analyze local weather data using line and bar graphs and look for the trends in our weather from season to season.  Students will also analyze and compare weather data from Vancouver to weather patterns locally.  Students will compare local average temperatures from 1961 – 1990 with the average temperatures of 2002 and look for trends of warming (or cooling).  Finally the students will study the global temperature trend over 30 years.

SCOs

· C2:  interpret graphs and represent linear and non-linear data

· F9:  evaluate data interpretations that are based on graphs and tables

· 208-5:  state a prediction and a hypothesis based on background information or on an observed pattern of events

· 210-6:  interpret patterns and trends in data, and infer and explain relationships among variables

· 210-16:  identify new questions and problems that arise from what was learned

· 211-2:  communicate questions, ideas, intentions, plans, and results, using lists, notes in point form, sentences, data tables, graphs, drawings, oral language, and other means

· 431:  work collaboratively in carrying out investigations as well as in generating and evaluating ideas

Activity 1:  Investigating Local Weather 
· In this activity the students will look at the weather in the Annapolis Valley (local).  The students will be given data sheets (see Student Package) with weather information that has been averaged over 30 years (from 1961-1990) and will use the mean temperature data, the rain data, and the snow data and create line and bar graphs to represent this data.  

· SCO C2:  interpret graphs and represent linear and non-linear data

· The students will be given an opportunity before the activity to formulate an idea of what our local weather is like, how weather is described (i.e., amount of average or mean temperature, rainfall, snowfall, etc.), and how they would represent this data in a form that can be easily interpreted.

· The teacher will ask the class as a group discussion these types of questions for the students before the activity: (the teacher will write the questions and answers on the board)
1. What is our local weather like during each season? Wet? Dry? Hot? Cold? (answer – dry summer, dry fall, wet winter, moderate spring)

2. How is weather data represented? (answer - rain amount, snow amounts, temperatures, winds)

3. How would you represent our weather data over a year so that we could look at it easily? (answer - graphing the data)

4. What kinds of graphs do you know about?  What other would work best for temperature? (answer – line graphs) Rain amount? Snow amounts? (answer – bar graphs)

5. Do you have any predictions on what kinds of trends we will see on the graphs of the data over a year for temperature? Rain? Snow?

Note:  If the teacher has the resources the students could be taught how to make graphs using a spreadsheet program on the computer.  

Time – one 50 minute class

Teachers Materials (see below)

· overhead graph paper (not part of the package) 

· overhead of weather data sheet for the Annapolis Valley

· questions and answers

· graphs of the data 

Students Materials

· rulers
· graph paper 
· weather data sheets for the Annapolis Valley (see Student Package)
Procedure

1. The class will come up with answers to the above questions as a class discussion about this activity. The teacher will write some of the answers on the board so that when the students are finished with their graphs they can see how close they were in predicting trends.
2. The students will work in groups but they will each generate their own graphs.  They will use the data sheets and create a line graph for the temperatures and one bar graph for both the rain and the snow on the same graph. (graphing instructions will be on the students data sheets in the Student Package)
3. The teacher will first go through the data sheets with the students using the overhead.  The students are to use the Mean Temperature values, Rain (mm), and Snow (cm) values from the data sheet for this activity.  Ask the students if they see any problem with comparing the rain and snow data from this data sheet? (answer - cm versus mm).
4. The teacher will show the students the importance of using an appropriate scale when creating graphs, using the overhead graph paper so that the students will be able to follow along.  And the students will convert rainfall to cm or snowfall to mm so that the data matches and can be graphed. (Student Package)
5. The teacher will instruct the students to create a line graph for the mean temperature data, and one bar graph with both the rain and snow data on the same graph.
6. If the students need some help the teacher can start them off by using the overhead graph and by going around and helping the groups in person, but by Grade 8 the students should know how to graph data.  By working in groups the students should be able to need only a little guiding to get them going.
7. When the students have finished graphing, each group is to answer the questions that were asked at the beginning of the activity by writing down their observations of the results of their graphs.  These answers are to be in written form with complete sentences.(see Student Package)
· SCO 211-2:  communicate questions, ideas, intentions, plans, and results, using lists, notes in point form, sentences, data tables, graphs, drawings, oral language, and other means
8. Each group will read their results to the class and the teacher will record what trends have been discovered by each group and then have a class discussion about the local weather trends.
· SCO 431:  work collaboratively in carrying out investigations as well as in generating and evaluating ideas

Assessment

· The students work in this activity will show the teacher first if they can remember how to make line and bar graphs, and then if they are able to interpret the trends in the graphs over the months by answering the questions on the data sheet (see below).
· SCO C2:  interpret graphs and represent linear and non-linear data
· SCO F9:  evaluate data interpretations that are based on graphs and tables
· The teacher can assess each student’s contributions to the group as the teacher circulates the room
· SC0 210-6:  interpret patterns and trends in data, and infer and explain relationships among variables
· SCO 431:  work collaboratively in carrying out investigations as well as in generating and evaluating ideas

· If there is time have the students come up with a new graph (see below) combining all three sets of data so the data is easier to compare.  If there is no time left this can be assigned for homework.  Here they will learn how to have a graph with 2 x-axis’ (if they don’t already know).
Activity 2: Comparing the weather in the Annapolis Valley with the weather in Vancouver 
· In this activity the students will be given a weather data sheet for Vancouver (see below and Students Package) and weather data from Activity 2(see below and Students Package) and graph the data and compare the trends between the two places.  This could be taught as part of Activity 1 but it would be a very long activity.  This way it is broken up and the students can absorb their own local weather status before comparing it to another part of the country.  

· The students will discuss the differences between the two places and the weather trends they discover.

· SCO C2:  interpret graphs and represent linear and non-linear data

· SCO F9:  evaluate data interpretations that are based on graphs and tables

· The teacher will ask questions to the students as a class discussion before the activity: (the teacher will write the questions and answers on the board)
1. What do you already know about Vancouver’s weather? (answer – Vancouver’s weather is wetter and warmer than our most of the year, except in the summer where our temperatures can get very high)

2. Is it hot, cold, wet, dry? (answer – is it moderate temperature with lots of rainfall)

3. Teacher will put an overhead of map of Canada with the Annapolis Valley and Vancouver highlighted and with their latitudes on it. (see below)
4. Looking at the map what do you predict that Vancouver’s weather will be like?  The same as ours?  Different?  In what way?  Why? (answer – Vancouver is on the coast of an ocean and it is further away from the equator so one would assume that it will be similar to our weather but colder.  But this is not so; Vancouver’s weather is milder and wetter and less warm in the summer.  Even though Vancouver is at higher latitudes than we are, the Pacific Ocean is home to Tropical High Weather systems that keep the Pacific Ocean warmer than the Atlantic Ocean and therefore the West Coast has warmer temperatures.  Vancouver weather is wetter because there are mountains not far from the ocean and when the wet ocean air reaches the mountains the wet air climbs high and then releases the moisture as rain onto Vancouver.)

5. Their latitudes are almost the same.  Do you know what latitude means? (answer - distance north of the equator)  

Time – one 50 minute class
Teachers Materials (see below)
· overhead of map of Canada with Annapolis Valley and Vancouver highlighted and the latitudes of each

· overhead graph paper (not included here)

· overhead of Vancouver weather data sheet

· overhead of Annapolis Valley weather data sheet from Activity 1

Students Materials
· graph paper
· rulers
· coloured markers
· Vancouver weather data sheets (see Student Package) 
· Annapolis valley weather data sheets (see Student Package)
Procedure

1. The class will come up with questions about this activity like the ones above and the teacher will write them on the board along with some answers so that when the students are finished they can see how close they were in predicting trends.
2. The students will work in groups and graph the Vancouver weather the same as the Annapolis Valley weather (graphing instructions are on the students data sheets).   The temperature will be put on a line graph and both rain and snow will go on the same bar graph.  The students can use different colours for snow and rain.

3. The groups will then answer the questions that are on the data sheets and compare their answers with their hypothetical answers at the beginning of the class (see Students Package).

4. Each group will present their findings about the trends in Vancouver’s weather and how it compares to our local weather and predictions on why it is different. 

· SCO F9:  evaluate data interpretations that are based on graphs and tables

· SCO 431:  work collaboratively in carrying out investigations as well as in generating and evaluating ideas

5. The students will have a class discussion about why Vancouver’s weather is warmer then ours even though they are farther north (not by much) than we are.

Note:  The students will probably not know why Vancouver’s weather is different from ours and the teacher could prompt the students with questions about the temperature of the two oceans or the teacher could decide to go into more detail about the high pressure systems that “hang” out in the Pacific Ocean and the effect this has on the weather on the West Coast. (see above teachers answers)

Assessment

· The teacher will be able to assess the groups’ ability to see trends in the weather graphs and their comparisons of the two localities when the groups present their findings.  
· Their answers from the questions on the data sheets (see below) will indicate if they understand the difference between Vancouver’s weather and ours.  Each groups’ hypothesis will be written on the board and there will be a class discussion about the data and what it represents.
· If there is time have the students create one graph with all three sets of data from Vancouver on it.  Here they will learn how to have a graph with 2 x-axis’ (if they don’t already know).  If there is not time assign this for homework.
Activity 3:  Is the Annapolis Valley warming up and is the World getting warmer?
· Comparing local monthly temperature trends of the 30 year data of monthly averages (Activity 1) and local monthly temperature data from the one year of 2002 – Students will create a graph of the average monthly temperature for the year 2002 and compare it with the temperature data from the 30 year data from Activity 1 and discuss whether the local temperatures are increasing, decreasing, or staying approximately the same.
· Analyze the global yearly temperature taken from 1960 – 1999.  The students will create another graph of Global temperature and analyze the trends. 
· The teacher can start this activity by prompting a discussion with the class about global warming.
· Questions for the students before the activity for class discussion:

1. Do you think that the temperature in the valley is getting warmer every year? Cooler? The same?
2. Are there any trends in changes of average global temperature? Has the temperature risen every year?  More in some years than others?

3. Has there been an increase in average global temperatures?

4. Has the rate of change increased or decreased?

Time – one 50 minute class
Teachers Materials (see below)

· overhead graph paper (not included)
· overhead local weather data sheets (average monthly temperature for 30 years from Activity 1 and the monthly temperatures for 2002)
· overhead of global temperature data sheet
· graphs of the data
Students Materials
· graph paper

· ruler

· coloured markers

· local weather data sheet (see Student Package)
· local temperature data sheet from Activity 1(see Student Package)
· global temperature data sheet (see Student Package)
Procedure

1. The class will come up with questions about this activity like the ones above and the teacher will write them on the board along with some answers so that when the students are finished they can see how close they were in predicting trends.

2. The class will work in groups and graph the monthly averages for the local temperatures in 2002 from the data sheet.  . 

3. The students will then graph the monthly temperature averages over 30 years from Activity 1 on the graph with the monthly average temperature for the year 2002.  They can use different colours for the two different lines. 

4. The groups will record either in point form or in complete sentences what trends they notice and answer the relevant questions from the board (question will also be on the data sheets in the Student Package).

5. Still working in groups the students will graph the 30 year Global Temperatures from the data sheet (Student Package).  This will be a line graph and the groups will create one graph for all the data and then the teacher will assign groups different ranges of five years to graph.
6. When the groups have finished graphing they are to answer as many questions as they can from the board in point form or in sentences.  There are also questions on the data sheet to be completed.

7. When all the groups are finished, they are to present their findings to the class and then have a class discussion.

Assessment

· The students will look at the temperature trends over the last 30 years and the year 2002 and predict what the temperatures will be in the Valley in 30 years. 
· The groups will compare their 5 year graphs of the global yearly temperatures with each other and determine what groups years have increased in temperature. (questions on data sheets in Students Package)
Note:  The teacher should probably discuss that 30 years is a small sample size.

Lesson Assessment

· The students will work in groups.  The assignment will be to form a hypothesis of how the Annapolis Valley would look if our weather changed drastically in a short period of time (a year).  Each group will be assigned one scenario (colder, warmer, wetter, drier) and they can draw pictures, tell it orally or write it down, or combine them and anything else they can think of to represent it.  This will be an in-class assignment.
LESSON PLAN 3 – Temperature Conversions
Objectives – Students will explore the different relations between Celsius and Fahrenheit and the math involved in the conversions (adding and subtracting integers). Students will also make their own temperature scale. They will use two fixed reference points and place qualitative statements about temperatures on their scales.

SCOs 

· B12 – add, subtract, multiply, and divide positive and negative decimal numbers with and without a calculator.

· B13 – solve and create problems involving addition, subtraction, multiplication, and division of positive and negative decimal numbers.
· C2 -  interpret graphs and represent linear and non-linear data
· C3 – Construct and analyze tables and graphs to describe how change in one quantity affects a related quantity.
Activity 1:  Make Your Own Temperature Scale 

· In this activity, students make their own quantitative temperature scale using fixed reference points. 
· Students then rank qualitative statements about temperature from hottest to coldest. They compare the relative temperature differences between personal experiences such as “I put on a sweater” and “I go swimming” and place their statements onto their scales.

Teacher Materials 

· Flip chart paper and marker to record class list of qualitative temperature statements.

· Class set of information hand outs on Fahrenheit and Celsius (see below).

Student Materials 

· Piece of paper to draw temperature scale on.

· Hand out containing information on Gabriel Fahrenheit and Anders Celsius (see Student Package).

· Rulers
Procedure 

1. Students work in groups to generate a list of statements that describe different temperatures.
· Examples of statements by students:

- I need to sleep under a blanket

- We turn the heat on in our house

- We run through the water sprinkler

- I need to wear a sweater

- You can see your breath

- Ice cream drips down your cone

- Your dog starts to pant                                    
· Make a class list of as many of the students ideas as possible
2. Each group of students will then order the class list of qualitative statements from hottest to coldest.
3. Students then discuss, as a class, the differences in their ordering of similar statements.

· Ask students: Are there statements that can be put in many places on the scale? If, for example, students choose “ice cream drips down my cone” as a statement, help them see that ice cream melts at any temperature above freezing but might melt faster at a hotter temperature, and thus the statement can be put in different places on the temperature scale. 
4. The class then reads and then discusses an information sheet on Gabriel Fahrenheit and Anders Celsius and how they created their temperature scales. This can be done as a class or independently, which ever method best suits your class.
· Ask the students how these two scientists created their scales. Students should recognize that both of them chose certain fixed points around which they created their scales. Ask students: Are there any of the temperatures that the class listed useful for making a temperature scale? Help students realize that the qualitative temperature statements they ranked would not suffice to define a scale, because they do not refer to any one fixed point in temperature.
5. Students now draw a vertical line on a piece of paper to create their own temperature scale.
· Explain to students that they can assign any numbers they choose to the high and low marks on the scale. They then mark equal intervals between the two points, using rulers. Discuss with the students how to determine the size of their intervals. Students should divide the difference between their high and low temperature points by the number of intervals they have marked to determine the size (in degrees) of each interval. They may find they need to adjust the numbers on their scales (as Fahrenheit did) to make the intervals whole numbers.
6. Students name their scales.
· Students can name their scales after themselves like Fahrenheit and Celsius did or they can be creative and come up with something fancy.
7. Students apply qualitative temperature statements from the list made earlier to their personal temperature scales.

Assessment
· Students’ work in this activity will provide you with information about their understanding of how a scale is constructed, as well as how numbers on a scale relate to students’ own physical perception and associations. SCO B-12 will be addressed as the students add, subtract and divide integers while creating their own temperature scale; the teacher must circulate as the students are doing this so the students’ abilities can be noted.
Activity 2: Converting Fahrenheit to Celsius and vice versa 
· In this activity students will derive the formula F = 9/5 C + 32.They will practice converting Celsius to Fahrenheit and Fahrenheit to Celsius. It is good for the students to recognize that there is more than one system for measuring temperature, they should be aware of the difference between a number in Celsius and a number in Fahrenheit. By actually deriving the formula themselves they will be more likely to understand and remember why 0 degrees Celsius happens to be the same temperature as 32 degrees Fahrenheit.

Teacher Materials 

· A worksheet that provides temperatures to be converted. (see below)
· Graph paper overhead

· Ruler

Student Materials 

· A worksheet that provides temperatures to be converted (see Student Package)

· Calculator

· Graph paper

· Rulers
Procedure

1. Pose the following question to the class:  
· Tommy is visiting his Aunt in North Carolina for the first time. He is trying to decide if he should wear his sweatshirt outside on his walk to the store. He hears on the radio that it is 90 o F out, but Tommy is used to hearing the weather in degrees Celsius. Can you show Tommy how to convert 90 o F to Celsius and tell him whether or not he should wear his sweatshirt on his walk outside?
2. Tell the students that we will derive a formula that will help us to answer Tommy’s question and will allow us to make quick conversions between Celsius and Fahrenheit.
3. On the overhead graph paper draw a coordinate system with Fahrenheit on the Y-axis and Celsius on the x-axis. The students will do the same on their own piece of graph paper. 
4.  Give the students a hand-out with eleven pairs of Celsius and Fahrenheit numbers (coordinates) to plot: (-40, -40), (-35, -31), (-30, -22), (-25, -13), (-20, -4), (-15, 5), (-10, 14), (-5, 23), (0, 32), (5, 41), and (10, 50). Discuss with the class what scales to use and help them figure it out if it seems necessary (see Student Package).
5. Tell students that once they have plotted the points they then have enough information to make a formula that could be used to convert Celsius to Fahrenheit and vice versa. Allow the student’s time to discover or think about what they have in front of them. Then challenge the students to spot a pattern in the plotted points. When the students notice a straight line, draw it on the transparency.
6. Ask students if they remember what the equation of a line is (y = m x + b) (if your students have not already learned this, then this would be a great context to do so). When given the response ask what m is and what b is. Ask them what variable is our y and what variable is our x.
7. Students should remember that m is the slope which is rise over run; they should then be able to look at the graph and find the slope (9/5) (for every 5 degrees the Celsius temp. changes, the Fahrenheit temp. changes 9 degrees). Students should also recognize that b is the y intercept and that it is equal to 32. Ask students to come to the board and share what they have found for a conversion formula (F = 9/5 C + 32).
8. The teacher can chose to do steps 3-7 or they skip right to step 8 for another approach. Remind the students of what they already know that the Fahrenheit scale puts freezing at 32 and boiling at 212, and Celsius put freezing at 0 and boiling at 100. Then let them try to figure it out. 
9.  If they need hints, then suggest:
· That they figure out more matching temperatures in the two scales by finding the temperature halfway between boiling and freezing in both scales.

· That they make a table of what they know.  

· That they draw a graph.
10. Ask students if they can now answer Tommy’s question mathematically. 
11. Ask students what temperature, in Fahrenheit, does water freeze at, some will simply look at the graph others may fill 0 into formula.
12.   Explain to class that there is also another temperature scale that is sometimes used by scientists. This is the Kelvin Temperature Scale; this scale starts at what is called absolute zero, and absolute zero is equal to -273 degrees Kelvin. The Kelvin scale increases the same as the Celsius scale so since 0o C = 273 K, then 100o C = 373 K. Therefore if you want to convert from Celsius to Kelvin you simply add 273. 
13.  Have students practice by working on sample conversions below in class or finish for homework.
Assessment
· Teacher will circulate during class and assess students understanding and abilities as they graph and problem solve.

      

C2 - interpret graphs and represent linear and non-linear data
C3 – Construct and analyze tables and graphs to describe how change in one quantity affects a related quantity.

· Students will complete and pass in worksheet so teacher can assess their understanding or abilities in temperature conversion and problem solving.
Activity 3:  Wind Chill

Objective

· Students will work with a formula that involves fractions as powers.  We will do this by looking at wind chill factor.

SCO’s

· C2:  interpret graphs and represent linear and non-linear data.

· C3:  construct and analyze tables and graphs to describe how change in one quantity affects a related quantity.

· 210-6:  interpret patterns and trends in data, and infer and explain relationships     among variables.

· C7: create and solve problems, using linear equations

Time:  This activity will take one 50 min class.

Materials:  For this activity you will need pencils, paper, graph paper and the student worksheet in the student package.

Procedure:   

1. In this activity we will be looking at what wind chill means and how it affects the “actual” temperature outside. The problem to be posed to the students is:  Why do some days feel colder than others, even though the thermometer might say the same temperature?  In order to answer this we will first have to examine the formula for wind chill factor and make sure we understand what it is.  The formula for wind chill factor is:

Twc = (0.3V0.5 + 0.474 - 0.02V)(T - 91.4) + 91.4

Twc is the wind chill, V is the wind speed in statute miles per hour, and T is the temperature in degrees Fahrenheit.  Have the students will graph this equation at constant V and then at constant T. 

2. Questions- What do these graphs look like? Are they the same? Why? Do you think that the wind speed or the temperature has the greater effect on the wind chill factor?

3.  The students will now derive a formula that uses Celsius and kilometres per hour since these are likely the units they are most familiar with.  The students have already learned the formula for converting Fahrenheit to Celsius and the conversion for miles per hour to kilometres per hour is about 1.6 km/hr for every m/hr.  By plugging these conversions into the formula above the students should be able to derive the new formula.

4. Next the students will work on the worksheet for this lesson found in their students’ package.  This worksheet can be started in class but will more than likely need to be finished as homework.

Assessment:  The students will complete the worksheet in the students’ package for homework.  Note:  point out conversions!

LESSON PLAN 4: Hurricanes 
Activity 1: What is a hurricane?

Objective:  This lesson is for students to learn what they can about hurricanes and to make sure that everyone is starting off the case study with a sufficient amount of background knowledge. 

Time:  This lesson will take one 50 min class.

Materials:  For this activity the students will need paper, pencils and computers. (note: teacher should book a computer lab in advance of this lesson)  

Procedure:  

1. For the first part of this class (about 20-25 minutes) the students will go to the computer lab.  If the computer lab is not available, the teacher should break the students up into as many groups as there are computers.  An excellent site to direct the students to http://observe.arc.nasa.gov/nasa/earth/hurricane/intro.html.  There are lots of good answers to everyday questions and a neat interactive page that shows the damage caused by different categories of hurricanes. The students will use the internet to look up what they can about hurricanes.  

2. After doing their research, the teacher will put the class into groups of 5 students who will share with each other what they found out.  

3. For the remainder of this class the students will work on a one page report on what they have learned which will be due next class. (note:  the teacher may want to make sure that certain questions like what makes a hurricane and how are hurricanes put into different classes get answered.  If so, they can meet with each group and discuss things with them)

Assessment:  The teacher will be collecting the student’s essays in the next class.  
Activity 2:  Tracking the storm.

Objective:  In this lesson, the students will learn how meteorologists follow storm systems and how they decide when to release weather warnings for certain areas.  This activity will also involve real time coordinate plotting.

SCO’s: 
 D10: Apply the Pythagorean relationship in problem situations
D3: develop and use rate as a tool for solving indirect measurement problems in a variety of contexts 
Time:  This activity will take one 50 min class.

Materials:  For this activity the students will need the infrared satellite maps found in the student package, the real time coordinate sheet found in the student package, calculators, pencils and paper. 

Procedure:  The problem we are trying to solve in this lesson is: How fast is hurricane Juan moving?  Included in the student’s package are infrared images of the storm at different times and a real time coordinate map.  

1. The students must first chart the movement of the storm on their real time coordinate sheet. The instructor will show the class how to find the eye of the storm and the class will mark down where the storm is at the different times. 

2. Next the students will have to find out how fast the storm is moving.  In order to do this they will need to convert the degrees latitude moved and the degrees longitude moved into Km.  The conversions for this are: 1 degree longitude at north 45 degrees is about equal to 92 km and one degree latitude is equal to 110km.   

3. Once the students have the storm on their charts they can use math to find out how far it has gone between times.  Because it is a coordinate system, both times will have an X and Y value and the distance traveled can be found using the Pythagorean Theorem.  The students should be familiar with the Pythagorean Theorem but the teacher may find that a slight refresher is needed.  Once the distances are known the students will know both distance traveled and time elapsed and will be able to solve for the velocity.

Assessment:  As a summary, the students will complete the worksheet contained in the student’s resource package.
Activity 3:  Wind Speed in a hurricane.

Objective:  Students will learn how to calculate the wind speed of a hurricane and how to classify a storm. We will then work on deciding what class of hurricane Juan actually was.

SCO’s:  F9- evaluate data interpretations that are based on graphs and tables

Time:  This activity will take one 50min lesson.

Materials:  For this lesson the students will need their handouts of Juan winds, their handouts of the classification system (see Student Package), pencils and paper (graph paper would be nice). 
Procedure:  

1. The teacher will begin this lesson talking about how we classify hurricanes.  Things that should be mentioned are:  What the scale is called, how it works and which factors it uses to measure the hurricanes. If possible the teacher should show the students the animations at the web site :  http://observe.arc.nasa.gov/nasa/earth/hurricane/hurricane_scale.html. This discussion should be fairly short as the students will likely need the time for their calculations.  

2. Next, the instructor will show the students how the wind speed of a hurricane is calculated using vectors.  This is explained in the attached sheet “howtofindthewindspeed.doc.”  The teacher should look at this the night before so that they are prepared to explain it to the class.  The wind speeds to be used are in the document “windspeedsforhurricanejuan.txt” that is found in the student package and the direction can be worked out from this data as well. The speed of the hurricane was determined in the previous lesson. 
Assessment:  Students will be expected to hand in a half page report about what class they feel this hurricane was and why. They should also be asked what happened to the storm as it hit land (did it speed up or slow down) and why the most damage was east of the track.
Teacher Resources
LESSON 2 - ACTIVITY 1 Data Sheets and Graphs

Annapolis Valley Weather Data from 1961-1990:
	The weather statistics displayed here represent the mean value of each meteorological parameter for each 

	month of the year. 

	The sampling period for this data covers 30 years from 1961 to 1991.

	Latitude: 44.59N  Longitude: 064.55W   Altitude: 28m

	

	Line Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean 
	
	
	
	
	
	
	
	
	
	
	
	

	Temperature (°C)
	-5
	-5
	0
	5
	11
	16
	19
	18
	14
	8
	4
	-2

	 

	Bar Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Precipitation
	
	
	
	
	
	
	
	
	
	
	
	

	rain (mm)
	48
	35
	48
	60
	80
	81
	93
	83
	85
	97
	94
	67

	rain (cm)*
	4.8
	3.5
	4.8
	6
	8
	8.1
	9.3
	8.3
	8.5
	9.7
	9.4
	6.7

	snow (cm)
	75
	61
	45
	19
	2
	0
	0
	0
	0
	2
	14
	65

	
	
	
	
	
	
	
	
	
	
	
	
	

	*Students are to calculate rain data in centimeters in order to be able to compare rain and snow data (teachers copy has the answers, the student copy does not)

	http://www.theweathernetwork.com/weather/stats/pages/C02001.htm
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Student Questions for Lesson 2- Activity 1(also on student work sheets):

Based on your graphs, answer the following questions in complete sentences.

1. What is our local weather? Wet? Dry? Hot? Cold?

· dry summer, dry fall, wet winter, moderate spring
2. How is weather data represented? (rain amount, snow amounts, temperatures, winds)

· rain amount, snow amounts, temperatures, wind speed and direction
3. How would you represent our weather data over a year so that we could look at it easily? 

· graphing the data
4. What kinds of graphs do you know about?  What would work well for temperature? Rain amount? Snow amounts?

· temperature – line graphs; rain and snow – bar graphs
5. By looking at the Annapolis Valley’s weather graphs during each season, give a general description of the weather trend for each season (point form). Be descriptive. 

	
	Winter (Dec, Jan, Feb)
	Spring (Mar, Apr, May)
	Summer (June, July, Aug)
	Autumn (Sep, Oct, Nov)

	Annapolis Valley
	
	
	
	


LESSON 2 - ACTIVITY 2 Data Sheets, Graphs, and Canadian Map

Vancouver Weather Data from 1961- 1991

	The weather statistics displayed here represent the mean value of each meteorological parameter for each month of the year. 

	The sampling period for this data covers 30 years from 1961 to 1991.


	Latitude: 49.11N  Longitude: 123.10W   Altitude: 3m


	Line Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Mean 

Temperature (°C)
	

	
	3
	5
	6
	9
	12
	15
	17
	17
	14
	10
	6
	4
	

	 

	Bar Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Precipitation:
	

	rain (mm)
	132
	116
	105
	75
	62
	46
	36
	38
	64
	115
	167
	161
	

	rain (cm)*
	13.2
	11.6
	10.5
	7.5
	6.2
	4.6
	3.6
	3.8
	6.4
	11.5
	16.7
	16.1
	

	snow (cm)
	21
	9
	4
	1
	0
	0
	0
	0
	0
	0
	3
	19
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	*Calculate rain data in centimetres in order to be able to compare rain and snow data (teachers copy has answers, students

	copy does not)


http://www.theweathernetwork.com/weather/stats/pages/C02001.htm
GRAPHS FROM DATA TABLE ABOVE
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Student Questions for Lesson 2- Activity 2 (also on student work sheets):

Based on your graphs, answer the following questions in complete sentences.

1. From your graphs what can you tell about Vancouver’s weather? Is it hot, cold, wet, dry?

· Vancouver’s weather is wetter and warmer than our most of the year, except in the summer where our temperatures can get very high; is it moderate temperature with lots of rainfall and not much snow
2. What did you predict Vancouver’s weather would be like? How do you explain the differences?

· Vancouver is on the coast of an ocean and it is further away from the equator so one would assume that it will be similar to our weather but colder.  But this is not so; Vancouver’s weather is milder and wetter and less warm in the summer.  Even though Vancouver is at higher latitudes than we are, the Pacific Ocean is home to Tropical High Weather systems that keep the Pacific Ocean warmer than the Atlantic Ocean and therefore the West Coast has warmer temperatures.  Vancouver weather is wetter because there are mountains not far from the ocean and when the wet ocean air reaches the mountains the wet air climbs high and then releases the moisture as rain onto Vancouver.)

3. By looking at Vancouver’s weather during each season give a general description of the weather in Vancouver for each season.  Add to the table of the Annapolis Valley.

	
	Winter
	Spring
	Summer
	Autumn

	Annapolis Valley
	
	
	
	

	Vancouver
	
	
	
	


4. What comparisons can you draw from the information you have taken from the graphs of both places?

· Is the Valley weather the same as Vancouver’s? 

· Why or why not?
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LESSON 2 - ACTIVITY 3 Data Sheet and Graphs
	Annapolis Valley Monthly Temperature Data Averaged Over 30 Years: (from Activity 1)

	

	Line Graph
	 
	 
	 
	 
	 
	MONTHS
	 
	 
	 
	 
	 
	 

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean 
	
	
	
	
	
	
	
	
	
	
	
	 

	Temperature (°C)
	-5
	-5
	0
	5
	11
	16
	19
	18
	14
	8
	4
	-2

	

	Annapolis Valley Monthly Temperature Data for the year 2002:

	

	[image: image1.jpg]


Line Graph
	 
	 
	 
	 
	 
	MONTHS
	 
	 
	 
	 
	 
	 

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean 
	
	
	
	
	
	
	
	
	
	
	
	 

	Temperature (°C)
	-3.2
	-2.9
	0.2
	5.2
	11.1
	14.7
	19.7
	20.1
	16.1
	7.6
	3.4
	-2.5

	

	Global Yearly Temperatures From 1960 - 1999:

	

	Years
	1960
	1961
	1962
	1963
	1964
	1965
	1966
	1967
	1968
	1969
	
	

	Temperature(°C)
	14.98
	15.1
	15.1
	15.1
	14.78
	14.88
	14.95
	14.99
	14.93
	15.05
	
	

	Years
	1970
	1971
	1972
	1973
	1974
	1975
	1976
	1977
	1978
	1979
	
	

	Temperature(°C)
	15.02
	14.93
	15
	15.11
	14.92
	14.92
	14.84
	15.11
	15.06
	15.09
	
	

	Years
	1980
	1981
	1982
	1983
	1984
	1985
	1986
	1987
	1988
	1989
	
	

	Temperature(°C)
	15.18
	15.29
	15.08
	15.24
	15.11
	15.09
	15.16
	15.27
	15.28
	15.22
	
	

	Years
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	
	

	Temperature(°C)
	15.38
	15.36
	15.11
	15.14
	15.23
	15.39
	15.27
	15.5
	15.68
	15.28
	
	


http://ec.gc.ca/weather
http://www.n.j.f.btinternet.co.uk/Y7science/globalwarm/Resources/assocfiles/temp.pdf
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Student Questions for Lesson2- Activity 3(also on student work sheets):

1. Do you think that the temperature in the valley is getting warmer every year? cooler? the same? Do you need more information to tell?

· if you look at the seasons, it appears that the weather is getting warmer in the winter, stays the same in the spring, warmer in the summer, cooler in the fall
· it would help to have daily temperatures or at least weekly temperature averages to tell for sure if there was a change in temperature  
2. Are there any trends in changes of average global temperature? Has the temperature risen every year?  More in some years than others? Show your work.

· look at the five year trends, subtract the lowest from the highest temperatures and see how much each five years has changed
· do the same for 10 years, and the look at 1960 and 1999 and compute the difference in temperature
3. Has there been an increase in average global temperatures? Show your work.

· yes
4. Has the rate of change increased or decreased?  Look at 5 year chunks of time.  Show your work.
5. Based on these two graphs below, a student claims that the Temperature increased more in the 1970s than in the 1960s.

6. Is the increase in the Seventies more than the increase in the Sixties?  By how much? [Level 1 SCO C2]   

7. Is the student’s conclusion valid?  What additional data would be needed to establish or refute his claim? [Level 2 SCO F9]
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LESSON 3 – ACTIVITY 1 Information Sheet 

The Development of Thermometers and Temperature Scales

The historical highlights in the development of thermometers and their scales given here are based on “Temperature”, by T.J. Quinn, and “Heat”, by James M. Cork.

One of the first attempts to make a standard temperature scale occurred about 170 AD, when Galen, in his medical writings, proposed a standard “neutral” temperature composed of equal quantities of boiling water and ice; on either side of this temperature were 4 degrees of heat and 4 degrees of cold respectively. 

The earliest devices used to measure temperature were called “thermoscopes”. These had a glass bulb /and a long tube extending down into a container of coloured water; although supposedly Galileo used wine. Some of the air in the bulb was removed before placing it in the liquid, causing the liquid to rise into the tube. As the remaining air in the bulb was heated or cooled, the level of the liquid in the tube would change according to the air temperature. An engraved scale on the tube allowed people to measure the changes numerically.
As time went on scientists used different liquids in their thermometers instead of air and water, and developed different ways to number the scales. In 1641 the first thermometer that used alcohol was developed for Ferdinand II, duke of Tuscany.

In 1702, the astronomer Ole Roemer of Copenhagen based his scale upon two fixed points: snow (or crushed ice) and the boiling point of water. 

It was in 1724 that Gabriel Fahrenheit, , used mercury. Mercury was good because it expanded lots, it didn’t stick to the glass thermometer, it remains liquid over a wide range of temperatures, and its cool silvery appearance makes it easy to read.

Fahrenheit described how he calibrated the scale of his mercury thermometer:

He placed the thermometer in a mixture of salt, ice, and water and called this point, or level of mercury, zero. He called his second point 30, which he got by mixing water and ice. He called a third point 96, the mercury level was higher up the thermometer here than zero and 30. He got this point by putting the thermometer in his mouth, so as to acquire the heat of a healthy person.

On this scale, Fahrenheit measured the boiling point of water to be 212. Later he adjusted the freezing point of water to 32 so that the interval between the boiling and freezing points of water could be represented by the more rational number 180. Temperatures measured on this scale are called degrees Fahrenheit.

In 1745, Carolus Linnaeus of Upsula, Sweden, described a scale in which the freezing point of water was zero and the boiling point 100, making it a centigrade (100-step) scale. Anders Celsius (1701-1744) used the reverse scale, in which 100 represented the freezing point and zero the boiling point of water, still, of course with 100 degrees between the two fixed points. In 1948, the term degrees centigrade was dropped for this scale and replaced by degrees Celsius. Temperatures measured on a 100-step scale, with the freezing point of water as zero, are designated degrees Celsius.

Source:  http://www.unidata.ucar.edu/staff/blynds/Skymath.html
LESSON 3 - ACTIVITY 2 Worksheet 

Name: _____________                                              Date: ____________
Practice Questions:

· 10o F = ____o C

· 10o C = ____o F

· 80o F = ____o C

· 50o F = ____o C

· 0o C = _____ K

· 38o C = ____ K

· 324 K = ___ o C

· Daisy wanted to invent a new way to measure temperature.  She wanted to use her body temperature (37 C) as the upper point in her scale, and the freezing point of bromine (-7 C) as the zero point in her scale, and have 60 degrees between them.  Create a formula to convert from Celsius degrees to Daisy degrees.

LESSON 3 - ACTIVITY 2 Hand Out 

Number Pairs to be plotted in Activity 2
· (-40, -40)

· (-35, -31)

· (-30, -22)

· (-25, -13)

· (-20, -4)

· (-15, 5)

· (-10, 14)

· (-5, 23)

· (0, 32)

· (5, 41)

· (10, 50)

LESSON 4 - ACTIVITY 3 Hurricane Scale
	The Saffir-Simpson Hurricane Scale



The Saffir-Simpson Hurricane Scale is a 1-5 rating based on the hurricane's present intensity. This is used to give an estimate of the potential property damage and flooding expected along the coast from a hurricane landfall. Wind speed is the determining factor in the scale, as storm surge values are highly dependent on the slope of the continental shelf in the landfall region. Note that all winds are using the U.S. 1-minute average.

Category One Hurricane: 

Winds 74-95 mph (64-82 kt or 119-153 km/hr). Storm surge generally 4-5 ft above normal. No real damage to building structures. Damage primarily to unanchored mobile homes, shrubbery, and trees. Some damage to poorly constructed signs. Also, some coastal road flooding and minor pier damage. Hurricanes Allison of 1995 and Danny of 1997 were Category One hurricanes at peak intensity. 

Category Two Hurricane: 

Winds 96-110 mph (83-95 kt or 154-177 km/hr). Storm surge generally 6-8 feet above normal. Some roofing material, door, and window damage of buildings. Considerable damage to shrubbery and trees with some trees blown down. Considerable damage to mobile homes, poorly constructed signs, and piers. Coastal and low-lying escape routes flood 2-4 hours before arrival of the hurricane center. Small craft in unprotected anchorages break moorings. Hurricane Bonnie of 1998 was a Category Two hurricane when it hit the North Carolina coast, while Hurricane Georges of 1998 was a Category Two Hurricane when it hit the Florida Keys and the Mississippi Gulf Coast. 

Category Three Hurricane: 

Winds 111-130 mph (96-113 kt or 178-209 km/hr). Storm surge generally 9-12 ft above normal. Some structural damage to small residences and utility buildings with a minor amount of curtainwall failures. Damage to shrubbery and trees with foliage blown off trees and large trees blown down. Mobile homes and poorly constructed signs are destroyed. Low-lying escape routes are cut by rising water 3-5 hours before arrival of the center of the hurricane. Flooding near the coast destroys smaller structures with larger structures damaged by battering from floating debris. Terrain continuously lower than 5 ft above mean sea level may be flooded inland 8 miles (13 km) or more. Evacuation of low-lying residences with several blocks of the shoreline may be required. Hurricanes Roxanne of 1995 and Fran of 1996 were Category Three hurricanes at landfall on the Yucatan Peninsula of Mexico and in North Carolina, respectively. 
Category Four Hurricane: 

Winds 131-155 mph (114-135 kt or 210-249 km/hr). Storm surge generally 13-18 ft above normal. More extensive curtainwall failures with some complete roof structure failures on small residences. Shrubs, trees, and all signs are blown down. Complete destruction of mobile homes. Extensive damage to doors and windows. Low-lying escape routes may be cut by rising water 3-5 hours before arrival of the center of the hurricane. Major damage to lower floors of structures near the shore. Terrain lower than 10 ft above sea level may be flooded requiring massive evacuation of residential areas as far inland as 6 miles (10 km). Hurricane Luis of 1995 was a Category Four hurricane while moving over the Leeward Islands. Hurricanes Felix and Opal of 1995 also reached Category Four status at peak intensity. 

Category Five Hurricane: 

Winds greater than 155 mph (135 kt or 249 km/hr). Storm surge generally greater than 18 ft above normal. Complete roof failure on many residences and industrial buildings. Some complete building failures with small utility buildings blown over or away. All shrubs, trees, and signs blown down. Complete destruction of mobile homes. Severe and extensive window and door damage. Low-lying escape routes are cut by rising water 3-5 hours before arrival of the center of the hurricane. Major damage to lower floors of all structures located less than 15 ft above sea level and within 500 yards of the shoreline. Massive evacuation of residential areas on low ground within 5-10 miles (8-16 km) of the shoreline may be required. Hurricane Mitch of 1998 was a Category Five hurricane at peak intensity over the western Caribbean. Hurricane Gilbert of 1988 was a Category Five hurricane at peak intensity and is one of the strongest Atlantic tropical cyclones of record. 




LESSON 4 - ACTIVITY 3 Wind Conversions
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STUDENT PACKAGE
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STUDENT DATA SHEET FOR LESSON 1 - ACTIVITY 2

Heat Trapping Activity

1. From your observations, which gasses do you conclude should be kept at low levels in our atmosphere?

2.  How much more heat do CFC’s catch than nitrous oxide?

3. How many sheets of graph paper would be needed to show how much heat is trapped by a gas that traps 25,000 times as much heat as does CO2?

4.  What do you know about the above gasses?  Where do they come from?

5.  What is a way to show the information where you could get all the data, even the   CFC’s represented?

STUDENT DATA SHEET FOR LESSON 1 - ACTIVITY 3

Global Warming activity 3

5. Which appliances do you think used the most electricity?

6. Which appliances do you think used the least electricity?

7. Assume you are the average citizen.  What would be your town’s total emissions for one year if, on average, everyone used the same amount of power as you?

8. How much less CO2 would be released into the atmosphere if everyone in your class decreased their KWH by 10%?

9. How much more C02 would be released if your class raised its KWH by 20%?  What would this new total emissions be?

10. Have the students decide which appliances they could have done without or used less.  Get them to once again work out their CO2 emissions.  How much of a difference is there?  Get the students to express their answers as percentage decreases.  

11. The average tree removes 13-48 lbs of CO2 from the atmosphere each year. For simplicity sake, use the average of this (13+48)/2.  Approximate the number of trees in the schoolyard, their houses, a local park and work out how much CO2 is being removed by these trees. Do you think trees are important in our battle against global warming?  Why?

STUDENT DATA SHEET FOR LESSON 2 - ACTIVITY 1

· Below you will find data tables for the weather of the Annapolis Valley, Nova Scotia that includes temperatures, rainfall amounts and snowfall amounts that are displayed as monthly averages that have also been averaged over 30 years.  

· There are graphing instructions below the tables.  Please read all of the instructions before you start to graph.  If you have any questions, first discuss them with the other members of your group, and if you still need help raise your hand and I will come around to help you as soon as I can.

· After the graphing instructions there is a worksheet with questions on it.  Answer the questions on the worksheet after you have competed the graphing.

· At the end of the class you are to pass in two graphs (one line graph, one bar graph with both rain and snow) and the student’s worksheet.

· If your name and date are not on the above handouts you will receive a zero for this assignment.

ANNAPOLIS VALLEY WEATHER FROM 1961-1990:

	The weather statistics displayed here represent the mean value of each meteorological parameter for each 

	month of the year. 

	The sampling period for this data covers 30 years from 1961 to 1991.

	Latitude: 44.59N  Longitude: 064.55W   Altitude: 28m

	

	Line Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean 

Temperature (°C)
	
	
	
	
	
	
	
	
	
	
	
	

	
	-5
	-5
	0
	5
	11
	16
	19
	18
	14
	8
	4
	-2

	 

	Bar Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Precipitation
	
	
	
	
	
	
	
	
	
	
	
	

	rain (mm)
	48
	35
	48
	60
	80
	81
	93
	83
	85
	97
	94
	67

	snow (cm)
	75
	61
	45
	19
	2
	0
	0
	0
	0
	2
	14
	65


GRAPHING INSTRUCTIONS:

A.  Temperature Graph (x-y line graph):

1. Use one piece of graph paper for the x-y line graph that will show the monthly temperatures for the Annapolis Valley averaged over 30 years.
2. You are to decide which axis (x or y) to use for each set of data.  One axis will be for Temperature in Celsius and the other axis will be for the Months of the year.
3. Once you have the axes drawn on the graph paper and decided which will show the temperature and which will show the months of the year, label the axes accordingly.  You may use only the first letter for the months or the first 3 letters, which ever you want (J or Jan).
4. Now enter the data points according to the above table of temperatures; for example: January was -5 °C, February was -5 °C, etc.
5. Once you have finished putting the data points on the graph connect the points either by using a ruler or drawing a smooth line by hand.
6. The last step is to write a title for the graph at the top of the graph paper (include that this is Activity 1).  Also add your name and date on the top right hand corner.
B. Precipitation Graph (bar graph):

1. You will use one piece of graph paper and draw both sets of data on the same graph using bars instead of points connected by a line.  Again you will have to decide which axis will work best for each set of data – one for the months of the year and one for the amount of precipitation.
2. Before you start, compare the set of rain data with the set of snow data.  Can you compare both sets in the units they are recorded in?  What must you do before you can graph this data?
3. Label the axes appropriately with a scale that will include the whole range of data and create bars for each month indicating how much rain or snow accumulated that month.  I would suggest you use a different colour for rain and another for snow or fill in the bars with lines for one and solid for the other – your choice but make sure you can tell visually which bars are rain and which are snow.  
4. The last step is to write a title for the graph at the top of the graph paper (include that this is Activity 1).  Also add your name and date on the top right hand corner.
Name______________________   Date ___________________

STUDENT WORKSHEET FOR LESSON 2 - ACTIVITY 1 (to be handed in with graphs)

Based on your graphs, answer the following questions in complete sentences.

6. What is our local weather? Wet? Dry? Hot? Cold?

7. How is weather data represented? 

8. How would you represent our weather data over a year so that we could look at it easily? 

9. What other kinds of graphs do you know about?  What would work well for temperature? Rain amount? Snow amounts?

10. By looking at the Annapolis Valley’s weather graphs during each season, give a general description of the weather trend for each season (point form). 

	
	Winter (Dec, Jan, Feb)
	Spring (Mar, Apr, May)
	Summer (June, July, Aug)
	Autumn (Sep, Oct, Nov)

	Annapolis Valley
	
	
	
	


STUDENT DATA SHEET FOR LESSON 2 - ACTIVITY 2

· Below you will find data tables for the weather of Vancouver, British Columbia that includes temperatures, rainfall amounts and snowfall amounts that are displayed as monthly averages that have also been averaged over 30 years.  

· There are graphing instructions below the tables.  Please read all of the instructions before you start to graph.  If you have any questions, first discuss them with the other members of your group, and if you still need help raise your hand and I will come around to help you as soon as I can.

· After the graphing instructions there is a worksheet with questions on it.  Answer the questions on the worksheet after you have competed the graphing.

· At the end of the class you are to pass in two graphs (one line graph, one bar graph with both rain and snow) and the student’s worksheet.

· If your name and date are not on the above handouts you will receive a zero for this assignment.

VANCOUVER, B.C WEATHER FROM 1961 TO 1991:

	The weather statistics displayed here represent the mean value of each meteorological parameter for each month of the year. 

	The sampling period for this data covers 30 years from 1961 to 1991.



	Latitude: 49.11N Longitude: 123.10W   Altitude: 3m



	Line Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Mean 

Temperature (°C)
	

	
	3
	5
	6
	9
	12
	15
	17
	17
	14
	10
	6
	4
	

	 

	Bar Graph
	
	
	
	
	
	MONTHS
	
	
	
	
	
	

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Precipitation
	

	rain (mm)
	132
	116
	105
	75
	62
	46
	36
	38
	64
	115
	167
	161
	

	snow (cm)
	21
	9
	4
	1
	0
	0
	0
	0
	0
	0
	3
	19
	


GRAPHING INSTRUCTIONS:

A.  Temperature Graph (x-y line graph)

1. Use one piece of graph paper for the x-y line graph that will show the monthly temperatures for Vancouver averaged over 30 years.
2. You are to decide which axis (x or y) to use for each set of data.  One axis will be for Temperature in Celsius and the other axis will be for the Months of the year.
3. Once you have the axes drawn on the graph paper and decided which will show the temperature and which will show the months of the year, label the axes accordingly.  You may use only the first letter for the months or the first 3 letters, which ever you want (J or Jan).
4. Now enter the data points according to the above table of temperatures; for example: January was -5 °C, February was -5 °C, etc.
5. Once you have finished putting the data points on the graph connect the points either by using a ruler or drawing a smooth line by hand.
6. The last step is to write a title for the graph at the top of the graph paper (include that this is Activity 1).  Also add your name and date on the top right hand corner.
B. Precipitation Graph (bar graph)

1. You will use one piece of graph paper and draw both sets of data on the same graph using bars instead of points connected by a line.  Again you will have to decide which axis will work best for each set of data – one for the months of the year and one for the amount of precipitation.
2. Before you start, compare the set of rain data with the set of snow data.  Can you compare both sets in the units they are recorded in?  What must you do before you can graph this data?
3. Label the axes appropriately with a scale that will include the whole range of data and create bars for each month indicating how much rain or snow accumulated that month.  I would suggest you use a different colour for rain and another for snow or fill in the bars with lines for one and solid for the other – your choice but make sure you can tell visually which bars are rain and which are snow.  
4. The last step is to write a title for the graph at the top of the graph paper (include that this is Activity 1).  Also add your name and date on the top right hand corner.
Name______________________   Date ___________________

STUDENT WORKSHEET FOR LESSON 2 - ACTIVITY 2 (to be handed in with graphs)

Based on your graphs, answer the following questions in complete sentences.

1. From your graphs what can you tell about Vancouver’s weather? Is it hot, cold, wet, dry?

2. What did you predict Vancouver’s weather would be like? How do you explain the differences?

Name______________________   Date ___________________

STUDENT WORKSHEET FOR LESSON 2 - ACTIVITY 2 (to be handed in with graphs)(continued)

3. By looking at Vancouver’s weather during each season give a general description of the weather in Vancouver for each season.  Add to the table of the Annapolis Valley.

	
	Winter
	Spring
	Summer
	Autumn

	Annapolis Valley
	
	
	
	

	Vancouver
	
	
	
	


4. What comparisons can you draw from the information you have taken from the graphs of both places?

· Is the Valley weather the same as Vancouver’s?

· Why or why not?

STUDENT DATA SHEET FOR LESSON 2 - ACTIVITY 3

· Below you will find a data table for the weather of that includes temperatures for the Annapolis Valley  that are displayed as monthly averages that have also been averaged over 30 years (from Activity 1), and a table of the monthly temperature averages for the Annapolis Valley for the year 2002.  There is also a data table that includes the yearly average global temperatures covering 30 years of temperature data.  

· There are graphing instructions below the tables.  Please read all of the instructions before you start to graph.  If you have any questions, first discuss them with the other members of your group, and if you still need help raise your hand and I will come around to help you as soon as I can.

· After the graphing instructions there is a worksheet with questions on it.  Answer the questions on the worksheet after you have competed the graphing.

· At the end of the class you are to pass in two graphs (one line graph with two lines both the data from Table 1 and Table two, and another line graph for the global temperatures and the student’s worksheet.

· If your name and date are not on the above handouts you will receive a zero for this assignment.

	TABLE 1.

	Annapolis Valley Monthly Temperature Data for 30 Years:

	

	Line Graph
	 
	 
	 
	 
	 
	MONTHS
	 
	 
	 
	 
	 
	 

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean

Temperature (°C)
	
	
	
	
	
	
	
	
	
	
	
	 

	
	-5
	-5
	0
	5
	11
	16
	19
	18
	14
	8
	4
	-2

	TABLE 2.

	Annapolis Valley Monthly Temperature Data for the year 2002:

	

	Line Graph
	 
	 
	 
	 
	 
	MONTHS
	 
	 
	 
	 
	 
	 

	Data
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Mean

Temperature (°C)
	
	
	
	
	
	
	
	
	
	
	
	 

	
	-3.2
	-2.9
	0.2
	5.2
	11.1
	14.7
	19.7
	20.1
	16.1
	7.6
	3.4
	-2.5

	TABLE 3.

	Global Yearly Temperatures From 1960 - 1999:

	

	Years
	1960
	1961
	1962
	1963
	1964
	1965
	1966
	1967
	1968
	1969
	
	

	Temperature(°C)
	14.98
	15.1
	15.1
	15.1
	14.78
	14.88
	14.95
	14.99
	14.93
	15.05
	
	

	Years
	1970
	1971
	1972
	1973
	1974
	1975
	1976
	1977
	1978
	1979
	
	

	Temperature(°C)
	15.02
	14.93
	15
	15.11
	14.92
	14.92
	14.84
	15.11
	15.06
	15.09
	
	

	Years
	1980
	1981
	1982
	1983
	1984
	1985
	1986
	1987
	1988
	1989
	
	

	Temperature(°C)
	15.18
	15.29
	15.08
	15.24
	15.11
	15.09
	15.16
	15.27
	15.28
	15.22
	
	

	Years
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	
	

	Temperature(°C)
	15.38
	15.36
	15.11
	15.14
	15.23
	15.39
	15.27
	15.5
	15.68
	15.28
	
	


http://ec.gc.ca/weather
http://www.n.j.f.btinternet.co.uk/Y7science/globalwarm/Resources/assocfiles/temp.pdf
GRAPHING INSTRUCTIONS:

A.  Temperature Graphs (x-y line graph)

1. Use one piece of graph paper for two x-y line graphs that will show the monthly temperatures for the Annapolis Valley averaged over 30 years and the monthly temperatures for the Annapolis Valley for the year 2002.  Use another piece of graph paper for the global temperature data.
2. You are to decide which axis (x or y) to use for each set of data.  One axis will be for Temperature in Celsius and the other axis will be for the Months of the year.
3. Once you have the axes drawn on the graph paper and decided which will show the temperature and which will show the months of the year, label the axes accordingly.  You may use only the first letter for the months or the first 3 letters, which ever you want (J or Jan).
4. Now enter the data points according to the above table of temperatures; for example: January was -5 °C, February was -5 °C, etc.
5. Once you have finished putting the data points on the graph connect the points either by using a ruler or drawing a smooth line by hand.
6. The last step is to write a title for the graph at the top of the graph paper (include that this is Activity 1).  Also add your name and date on the top right hand corner.
Name______________________   Date ___________________

STUDENT WORKSHEET FOR LESSON 2 - ACTIVITY 3 (to be handed in with graphs)

Based on your graphs, answer the following questions in complete sentences.

1. Do you think that the temperature in the valley is getting warmer every year? cooler? the same? Do you need more information to tell?

2. Are there any trends in changes of average global temperature? Has the temperature risen every year?  More in some years than others? Show your work.

3. Has there been an increase in average global temperatures? Show your work.

4. Has the rate of change increased or decreased?  Look at 5 year chunks of time.  Show your work.

5. Based on these two graphs below a student claims that the Temperature increased more in the 1970s than in the 1960s.

· Is the increase in the Seventies more than the increase in the Sixties?  By how much? [SCO C2]   
· Is the student’s conclusion valid?  What additional data would be needed to establish or refute his claim? [SCO F9]
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STUDENT WORKSHEET FOR LESSON 3 - ACTIVITY 2

Name: _____________                                              Date: ____________

Practice Questions:

· 10o F = ____o C

· 10o C = ____o F

· 80o F = ____o C

· 50o F = ____o C

· 0o C = _____ K

· 38o C = ____ K

· 324 K = ___ o C

· Daisy wanted to invent a new way to measure temperature.  She wanted to use her body temperature (37 C) as the upper point in her scale, and the freezing point of bromine (-7 C) as the zero point in her scale, and have 60 degrees between them.  Create a formula to convert from Celsius degrees to Daisy degrees.

STUDENT DATA SHEET FOR LESSON 3 - ACTIVITY 2

Number Pairs to be plotted in Activity 2

· (-40, -40)

· (-35, -31)

· (-30, -22)

· (-25, -13)

· (-20, -4)

· (-15, 5)

· (-10, 14)

· (-5, 23)

· (0, 32)

· (5, 41)

· (10, 50)

STUDENT DATA SHEET FOR LESSON 3 – ACTIVITY 3

Wind Chill Factor Worksheet

Twc = (0.3V0.5 + 0.474 - 0.02V)(T - 91.4) + 91.4

1. What is the square root of 81?

2. If the thermometer shows -2º C and the wind is blowing 25km/hr east, what is the wind chill factor temperature?

3. If it is -5º C outside and the wind is blowing at 15km/hr, what is the wind chill   factor temperature?

4. If it is -10º F and the wind is 10mph what is the wind chill factor temperature?

5. How cold does it feel outside if the thermometer reads -6º C and the wind is clocked at 15mph?

6. If it takes exposed skin 15 min to develop frostbite when exposed to temperatures of  -35º C should you be concerned about walking to school when the thermometer reads -7º C and the wind is blowing at 30 km/hr.(assume it takes 15 minutes to walk to school)

STUDENT DATA SHEET FOR LESSON 4 - ACTIVITY 2

Hurricane Activity 2

Infrared satellite maps 

[image: image18.jpg]



Real time coordinate sheet 
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STUDENT WORKSHEET FOR LESSON 4 - ACTIVITY 2

Storm Tracking 

1. If a storm moves west 50 km and north 75 km in one half hour how fast is it moving?

2. If a storm moves west 60km and south 90km in one half hour what is its velocity?    (remember velocity is a scalar quantity)

3. Let’s say that it is required that storm warnings are issued three hours in advance of a hurricane.  If a storm is 500 km away from your town at 2:00 pm and is moving at a speed of 30km/hr, at what time would you issue the warning?

4. If a storm traveling north-east at 25km/hr has gone north 30 km in the last two hours, how far east has it gone?

5. A storm is moving north at 12 km/hr and east at a speed of 13 km/hr?  What direction is the storm heading?  If your town were located on an angle of 30 degrees above 0 degrees north (the horizontal axis) would you be worried?

STUDENT DATA SHEETS FOR LESSON 4 - ACTIVITY 3

Hurricane Activity 

JUAN WIND SPEEDS

Date/Time               Min   Max

(UTC)       Lat   Lon   press Wind Stage

--------------------------------------------------------------------

 24 / 1200  28.2  62.4  1009  25   tropical depression 

 24 / 1800  28.3  62.2  1007  30   " 

 25 / 0000  28.4  62.0  1006  35   tropical storm 

 25 / 0600  28.8  61.7  1002  40   " 

 25 / 1200  29.2  61.4  1000  45   " 

 25 / 1800  30.4  61.6  996   50   " 

 26 / 0000  30.9  61.8  992   55   " 

 26 / 0600  31.1  61.8  990   60   " 

 26 / 1200  31.8  62.0  987   65   hurricane 

 26 / 1800  32.5  62.0  987   70   " 

 27 / 0000  33.3  62.0  984   75   " 

 27 / 0600  34.4  62.2  981   75   " 

 27 / 1200  35.2  62.8  979   75   " 

 27 / 1800  35.5  63.2  969   90   " 

 28 / 0000  36.3  63.6  970   90   " 

 28 / 0600  37.1  64.0  970   90   " 

 28 / 1200  38.5  64.1  970   90   " 

 28 / 1800  40.2  64.1  970   90   " 

 29 / 0000  42.8  63.9  972   85   " 

 29 / 0600  46.0  63.8  982   65   " 

 29 / 1200  49.8  62.4  995   45   tropical storm 

 29 / 1800  54.3  60.0  998   20   extratropical depression

 27 / 1800  35.5  63.2  969  90  minimum pressure 

 29 / 0300  44.4  63.8  973  85  landfall near Halifax, Nova Scotia 

	The Saffir-Simpson Hurricane Scale



The Saffir-Simpson Hurricane Scale is a 1-5 rating based on the hurricane's present intensity. This is used to give an estimate of the potential property damage and flooding expected along the coast from a hurricane landfall. Wind speed is the determining factor in the scale, as storm surge values are highly dependent on the slope of the continental shelf in the landfall region. Note that all winds are using the U.S. 1-minute average.

Category One Hurricane: 

Winds 74-95 mph (64-82 kt or 119-153 km/hr). Storm surge generally 4-5 ft above normal. No real damage to building structures. Damage primarily to unanchored mobile homes, shrubbery, and trees. Some damage to poorly constructed signs. Also, some coastal road flooding and minor pier damage. Hurricanes Allison of 1995 and Danny of 1997 were Category One hurricanes at peak intensity. 

Category Two Hurricane: 

Winds 96-110 mph (83-95 kt or 154-177 km/hr). Storm surge generally 6-8 feet above normal. Some roofing material, door, and window damage of buildings. Considerable damage to shrubbery and trees with some trees blown down. Considerable damage to mobile homes, poorly constructed signs, and piers. Coastal and low-lying escape routes flood 2-4 hours before arrival of the hurricane center. Small craft in unprotected anchorages break moorings. Hurricane Bonnie of 1998 was a Category Two hurricane when it hit the North Carolina coast, while Hurricane Georges of 1998 was a Category Two Hurricane when it hit the Florida Keys and the Mississippi Gulf Coast. 

Category Three Hurricane: 

Winds 111-130 mph (96-113 kt or 178-209 km/hr). Storm surge generally 9-12 ft above normal. Some structural damage to small residences and utility buildings with a minor amount of curtainwall failures. Damage to shrubbery and trees with foliage blown off trees and large trees blown down. Mobile homes and poorly constructed signs are destroyed. Low-lying escape routes are cut by rising water 3-5 hours before arrival of the center of the hurricane. Flooding near the coast destroys smaller structures with larger structures damaged by battering from floating debris. Terrain continuously lower than 5 ft above mean sea level may be flooded inland 8 miles (13 km) or more. Evacuation of low-lying residences with several blocks of the shoreline may be required. Hurricanes Roxanne of 1995 and Fran of 1996 were Category Three hurricanes at landfall on the Yucatan Peninsula of Mexico and in North Carolina, respectively. 

Category Four Hurricane: 

Winds 131-155 mph (114-135 kt or 210-249 km/hr). Storm surge generally 13-18 ft above normal. More extensive curtainwall failures with some complete roof structure failures on small residences. Shrubs, trees, and all signs are blown down. Complete destruction of mobile homes. Extensive damage to doors and windows. Low-lying escape routes may be cut by rising water 3-5 hours before arrival of the center of the hurricane. Major damage to lower floors of structures near the shore. Terrain lower than 10 ft above sea level may be flooded requiring massive evacuation of residential areas as far inland as 6 miles (10 km). Hurricane Luis of 1995 was a Category Four hurricane while moving over the Leeward Islands. Hurricanes Felix and Opal of 1995 also reached Category Four status at peak intensity. 

Category Five Hurricane: 

Winds greater than 155 mph (135 kt or 249 km/hr). Storm surge generally greater than 18 ft above normal. Complete roof failure on many residences and industrial buildings. Some complete building failures with small utility buildings blown over or away. All shrubs, trees, and signs blown down. Complete destruction of mobile homes. Severe and extensive window and door damage. Low-lying escape routes are cut by rising water 3-5 hours before arrival of the center of the hurricane. Major damage to lower floors of all structures located less than 15 ft above sea level and within 500 yards of the shoreline. Massive evacuation of residential areas on low ground within 5-10 miles (8-16 km) of the shoreline may be required. Hurricane Mitch of 1998 was a Category Five hurricane at peak intensity over the western Caribbean. Hurricane Gilbert of 1988 was a Category Five hurricane at peak intensity and is one of the strongest Atlantic tropical cyclones of record. 
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