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Objectives

The student will be able to map and explain a major storm that occurred in their part of the country.  The student will be able to compare this major storm to other storms that occur where they live.

Introduction

You are walking down the street.  A wind gust knocks your hat off and causes you to stagger.  You ask yourself: “What was that?  Where did it come from?  How long will it continue?”  Is there a name for this phenomenon?   Is it dangerous?

To answer those questions you need to know something about four kinds of major storms.  You need to know which kinds of storms commonly occur in your area.  You need to know the patterns.

If all the data you have is your own observation of the one wind gust, you can't categorize it.  There are four major kinds of wind storms in the United States: hurricanes, tornados, derechos and winter storms.  You can't tell a wind gust from a hurricane from a gust from a tornado, a derecho, or a winter storm by its direction nor by its speed.  You need data from other locations and over a period of time.  Possibly, you need data from the precipitation accompanying the gust.  You need to know what kinds of storms ever hit in your location.  

A strong wind gust does not just appear.  It always came from somewhere.  It fits a pattern known to science.  To understand that pattern, one looks at more data than a single point.

Equipment

Data sets - Each data set is for a single storm.  The data are date, time, latitude, longitude and wind speed.  

Map - Either paper maps or a computer mapping program listed in the references.  The map is of your region, or of the United States.

Ruler.  Pencil.  

Handouts - A reading on the four types of windstorms, or links to computer research on the types of storms.  The question sheet for assessment of learning.

Data mapping

Divide the students into pairs. Give each pair of students one set of data, either a hurricane, a tornado, a derecho, or a winter storm.  Give each pair of students a map.   Give the students time to map the data.  

Data analysis

The students now have to figure out what kind of storm they have mapped.  The simplest way to have them do this is to give the students a reading on the four types of storms.  

Each group of students uses the data they have mapped, plus the reading, to determine what type of storm they had.  

Questions

The students then fill out the question sheet.  

Presentation

So that every student should get to see all types of storms that affect your region, students could present their analysis to the class.  Students can take notes on the presentations.  

Differentiation

My school district has implemented Universal Design for Learning (UDL).  This means greater choice for the students in how to investigate a topic and how to present the result of their investigations.  I have tried to work UDL principles into this assignment in every step.  The principles of UDL work well for inclusion of learners of different abilities.  It is one of the benefits of a UDL-oriented approach.

Data set selection - I have attached four sets of data, and a sample plot that plots all four.  Lower-skilled students could use one of these data sets, or another one that the teacher provides.  For even lower-skilled students, the map could be given to them partly completed.  Higher skilled students can be given the references, and asked to research a storm of their own choosing.   It is easy to use the references to this paper to get data on hurricanes and tornadoes.  Extremely highly skilled students could research a derecho or winter storm.  This could require reading news articles on the storm.

Mapping - If computers are available, students could map the data either by hand on the map paper, or on a computer.  If the school has access to computers, mapping could take place on online software listed in the references .  If working on paper, different map projections can be made available.  


Analysis - The questions can be answered by using the reading provided, or by using computer research.  Further analysis of the questions would require the computers.

Presentation - The heart of UDL as it is used in my department is in presentation.  Students can be given a range of options on how to present what they have learned.  I have had students make videos, prepare a song that covers the material, act out skits, or even do modern dance.  Remarkably, any one of these methods can get the material across.  More typically, students choose a computer presentation, or a  drawing.  Students who are differently-abled often excel at presentation.  

Conclusion

At the end of the lesson, each student should have learned something about his/her own type of windstorm.  And each student should know the basics about the four types of storms.  The objectives should have been met.

Assessment: Sample Questions for this assignment

First, the pair of students plots the data set they chose (or were given).  Then, they answer these questions:

1. How long, in time, did your storm last?

2. How far, in distance, did your storm travel?

3. Calculate the average speed of forward motion of your storm.

4. Name the states of the United States that the center of your storm passed through.

5. What kind of storm was it?

6. Explain your answer to number 5.

If the students are presenting their storm to the class, the class members can take notes on each presentation.  They would answer the following questions:

7. What type of storm was it?

8. Explain how the speakers know that.

9. How long did it last?

10. How far did it travel?

Readings: the four types of storm

Hurricanes/Tropical Storms

A hurricane (or tropical storm) is a long-lived (measured in days) storm that originates over warm tropical waters.  Besides being long-lived, hurricanes are large, sweeping out paths 100s of miles wide and many 100s of miles long.  There are four major belts of hurricanes, North Atlantic, East Pacific, West Pacific and Indian Ocean; three of these affect the United States. Tropical storms and hurricanes bring high winds and days of rain.  There is a hurricane season, June 1 to November 30, and very few hurricanes fall outside of it.

Of the four kinds of windstorm, hurricanes are the most familiar to teachers, at least in my school district.  8th grade teachers in my school have been plotting hurricanes for at least ten years.  It is one of the first assignments of the year.  The data are widely available to show the location of the eye of a hurricane, the category of the hurricane, and the date and time.  We typically have them read the plot of a sample hurricane, then plot another sample hurricane, and finally plot all the hurricanes in the North Atlantic for a three week period.  Suburban Washington, DC gets winds from hurricanes and tropical storms roughly once every two years, so there is plenty of local interest value.  

Hurricanes have hit 32 states, Eastern Canada, Puerto Rico and the Virgin Islands since 1900. 22 of these states get hurricanes on a regular basis. 

Tornados

Tornados are short-lived phenomena, whose lives are measured in minutes or hours, not days.  Their paths are often as short as 1 mile, and rarely exceed 100 miles, and the paths are extremely narrow - typically 250 ft (76 m) across, with a maximum of two miles across.  The longest tornado on record lasted 3.5 hours on March 18, 1925 and covered 219 miles (352 km).  Tornados bring the tell-tale funnel cloud and high winds.  Violent tornado wind speeds are considerably higher than hurricane wind speeds.  Tornados are most common in spring and summer.

Tornados are well-known to students, and are at least mentioned in the curriculum in my school district.  There hasn't been a major tornado in my metropolitan area since 2001, but the possibility exists.  Historically, we don't plot them, because they don't last long nor cover large distances nor widths.  They are individually much more common than tropical storms: there are 10s of North Atlantic tropical storms in a year, and over 1000 North American tropical tornados.

Tornados are common in every state and all of Canada.

Winter storms, including blizzards and nor'easters

Winter storms, like hurricanes, are large and long-lived.  The typical winter storm is hundreds of miles wide and hundreds of miles long.  Its longevity is measured in days.  Winter storms are as frequent as tropical storms.  In 2011, the news company The Weather Channel started naming winter storms, and this apparently caught on with the public.  It has not caught on with the government nor many competing weather outlets.  Winter storms bring fairly high winds, and lots of snow.  Winter storms are common in the winter, naturally.  Their season is November to April.  In my area, we get one or two winter storms per year. 

Perhaps because of the names, teachers and students have learned to treat winter storms as a unique phenomenon.  It seems to me that before the naming became common in the press, the public was much less aware of winter storms as a category of weather.  A large amount of snow was just a large amount of snow.  

Winter storms are predictable in every state except Hawaii.  Even Northern Florida gets more than 6 inches of snow occasionally.  

Derechos

Derechos are straight-line wind storms.  They cover large distances, greater than 100 miles, but last less than a day.  In any one place the winds and rain last only a few hours, which make them slightly longer lived than tornados.  Derechos are common in some places, and non-existent in others.  In the center of derecho territory, where Missouri, Kansas, Oklahoma and Arkansas come together, the expected number is more than one per year.  Derecho season is April to August, although some fall outside that season.  Derechos are not named, except by the day they occurred.

Derechos are little known by students.  It could be one of the goals of this exercise is to raise awareness of them.  Perhaps they are little known because they are a recently named category of storm.  Scientists continue to refine the definition of derechos, and are more inclined to categorize a storm as a derecho than they once were.

Derechos hit every state East of Idaho.  41 states are affected by them, as well as Ontario and Quebec.

Sample Lesson Plan

1: Introduce mapping.  Give students an already mapped storm.  A major hurricane works well, like Katrina.  Have them read the latitude and longitude off the map.

2: Give students the mapping part of this assignment.  For most students, this will consist of a 

data set and a map.  For differentiation, see above.

3. Once the students have mapped a windstorm, give them the windstorm readings.  

4. Have the students answer the questions.

5. If desired, the students present to the class, while the others take notes on each presentation.

6. Assess either the answers to the questions, or the presentation.  

Data sets 

The best way to make the data interesting to students is to tie it to their own lives.  This can be done by giving them (or making them research) data for storms in their own areas.  

Here, to present sample data, we show the storm that is the most damaging of each type for which we have data.  The Galveston Storm of 1900 killed more people and caused more damage than any other hurricane on record.  It also traveled through states that are not expected to get hurricanes.  It thus makes hurricanes more immediate to residents of, say, Missouri, than they otherwise would be.  Similarly the Tri-State Tornado of 1925 covered more states than any other tornado, lasted longer, and caused more damage.  The derecho of 2012 fits all three approaches to making the data interesting: traveled through many states, was fairly recent, and did a lot of damage.  Finally, the winter storm of 2016 also fits all the criteria.

Unfortunately, getting data sets on storms other than hurricanes and tornados is difficult.  It took about half an hour to put together the data for the hurricane given, one hour for the tornado.  It took about two hours each to prepare the data sets for the other two storms.  And even then, many things are just good estimates.  For winter storms, in particular, it is hard to find the data presented in a scientific way.

If the teacher teaches climate change, it should be noted that the worst derecho and the worst winter storm on record each occurred in the last five years. 

1. Hurricane

This data is for the Galveston Storm of 1900.  It is a unique event in a large number of ways.  It is the deadliest storm in US history, killing between 6000 and 12,000 people, mostly in Galveston, Texas.  It lasted 21 days between the time it formed in the tropics until it died out near Iceland.  It affected fifteen states and four Canadian provinces, including large parts of the American heartland and Midwest.  It picked up strength over the Great Lakes.  And it inspired folk songs, which are easily found on Youtube.  I don't know of any other single storm to have its own folk songs.

date

time

lat
long 
wind(mph)      pressure           storm type

08/27/1900
00 GMT
15.0
-42.1
40

unknown
Tropical Storm   

08/28/1900
00 GMT
15.6
-46.6
40

unknown
Tropical Storm   

08/29/1900
00 GMT
16.3
-51.4
40

unknown
Tropical Storm   

08/30/1900
00 GMT
16.8
-56.6
45

unknown
Tropical Storm   

08/31/1900
00 GMT
17.1
-61.9
50

unknown
Tropical Storm   

09/01/1900
00 GMT
17.5
-66.4
50

unknown
Tropical Storm   

09/02/1900
00 GMT
18.3
-70.3
45

unknown
Tropical Storm   

09/03/1900
00 GMT
19.5
-74.1
40

unknown
Tropical Storm   

09/04/1900
00 GMT
20.6
-77.2
40

unknown
Tropical Storm   

09/05/1900
00 GMT
22.0
-79.5
50

unknown
Tropical Storm

09/06/1900
00 GMT
24.1
-82.3
70

unknown
Tropical Storm

Havana, Cuba is at 23.0 North, 82.3 West      

09/07/1900
00 GMT
26.5
-86.2
110

974

Category 2 Hurricane

09/08/1900
00 GMT
27.4
-90.6
145

unknown
Category 4 Hurricane

09/09/1900
00 GMT
29.3
-94.8
145

936

Category 4 Hurricane

Galveston, Texas is at 29.3 North, 94.8 West

09/09/1900
12 GMT
31.0
-96.9    75

unknown
Category 1 Hurricane

09/10/1900
00 GMT
33.4
-97.8
50

unknown
Tropical Storm

09/10/1900
12 GMT
34.7
-97.8
45

unknown
Tropical Storm

09/11/1900
00 GMT
38.8
-96.5
35

unknown
Tropical Depression

09/11/1900
12 GMT
41.5
-91.4
45

unknown
Extratropical Storm

09/12/1900
00 GMT
43.4
-84.2
65

unknown
Extratropical Storm

Saginaw, Michigan is at 43.4 North, 84.0 West

09/12/1900
12 GMT
45.2
-74.5
75

unknown
Extratropical Storm

09/13/1900
00 GMT
47.5
-64.0
75

unknown
Extratropical Storm

09/13/1900
12 GMT
49.7
-53.9
75

unknown
Extratropical Storm

09/14/1900
00 GMT
51.4
-46.2
65

unknown
Extratropical Storm

09/14/1900
12 GMT
53.0
-40.0
50

unknown
Extratropical Storm

09/15/1900
00 GMT
55.43
-34.6
50

unknown
Extratropical Storm

To simplify the project, one could skip most of the data until landfall in Cuba.  To make the project more detailed, one could use the reference at wunderground.com to add more in-between points.

2. Tornado

The Tri-State Tornado of 1925 tracked the farthest (219 miles) and had the most deaths in a single tornado, 695.  The three states are Missouri, Illinois and Indiana.  It lasted 3.5 hours.

date

time

lat
long 
wind forward   town           
     storm type







speed (mph)

03/18/1925
13:00 CST
37.24
-90.97
72

Ellington, MO
     probably F5   

03/18/1925
13:30 CST
37.42
-90.61
67

Annapolis, MO    probably F5    

03/18/1925
14:10 CST
37.61
-89.84
60

Biehle, MO
     probably F5 

03/18/1925
14:30 CST
37.72
-89.49
60

Gorham, IL
     probably F5    

03/18/1925
14:40 CST
37.77
-89.34
60

Murphysboro, IL  probably F5    

03/18/1925
15:00 CST
37.94
-89.32
60

Parrish, IL
     probably F5    

03/18/1925
16:10 CST
38.20
-87.91
73

Griffin, IN 
     probably F5    

03/18/1925
16:30 CST
38.36
-87.59
73

Princeton, IN
     probably F5    

The times for most intermediate towns are estimates.  The wind forward speed is not the same as the wind speed within the tornado.  F5 tornados have internal wind speeds of greater than 216 mph.  The storm type of F5 is estimated.  The teacher can convert this data to the newer Enhanced Fujita scale, if desired.  In my school, we use the older scale.

3. Derecho

The Derecho of June 29, 2012

The definition of derecho is still evolving.  The word was first used in modern times in the 1980s.  The derecho of June 29, 2012 was the most damaging derecho since the term came into common use.  The derecho began in Indiana, passed through Ohio, West Virginia, Maryland, DC, and Virginia and impacted ten states.  The derecho lasted around 10 hours, from 2:00 PM until midnight, and traveled approximately 700 miles, and is known to have killed 17 people.

date

time

lat
long 
wind (mph)
town

06/29/2012
14:00 EST
41.59
-87.46
41

Hammond, IN

06/29/2012
14:30 EST
41.34
-86.31
64

Plymouth, IN

06/29/2012
15:00 EST
41.08
-85.14
91

Fort Wayne, IN

06/29/2012
15:30 EST
40.99
-84.58
87

Van Wert, OH

06/29/2012
16:00 EST
40.74
-84.11
87

Lima, OH

06/29/2012
17:00 EST
39.96
-83.00
87

Columbus, OH

06/29/2012
17:50 EST
39.71
-82.21
62

New Lexington, OH

06/29/2012
18:30 EST
38.81
-82.20
62

Gallipolis, OH

06/29/2012
19:00 EST
38.42
-82.45
59

Huntington, WV

06/29/2012
19:10 EST
38.35
-81.63
78

Charleston, WV

06/29/2012
19:30 EST
39.28
-80.34
66

Clarksburg, WV

06/29/2012
20:00 EST
38.93
-79.85
64

Elkins, WV

06/29/2012
20:30 EST
37.78
-81.19
68

Beckley, WV

06/29/2012
21:30 EST
39.41
-77.41
70

Frederick, MD

06/29/2012
22:00 EST
39.29  
-77.20
70

Damascus, MD

06/29/2012
22:30 EST
38.90
-77.04
70

Washington, DC

06/29/2012
23:10 EST
38.75
-77.48
68

Manassas, VA

06/29/2012
23:50 EST
37.03
-76.35
66

Hampton Roads, VA

To simplify the project, one could skip every other data point and the map would still be obvious.  Many of the times above are simplifications.

4. Winter Storm

January 2016 United States blizzard

This storm was called Jonas by The Weather Channel.  Winds reached as high as 57 mph, and 55 people died.  Deaths occurred in thirteen states and the District of Columbia.  The storm formed on January 22, 2016 and dissipated on January 29.  It brought with it an EF2 tornado.  Areas affected ranged from the Central United States to Scandinavia.  Up to 3 ft (91 cm) of snow fell in parts of the Mid-Atlantic and Northeast United States.  The storm began with a low pressure area over the Carolinas, headed North, left the United States East Coast on the 24th, reached the British Isles on January 26, and died out over Finland on January 29.  It was not a major event in Europe  The storm's outer reaches were wide, reaching Georgia to Louisiana to the South, and Arkansas and Missouri to the West. Snowfalls above 24 inches occurred in North Carolina, Virginia, West Virginia, Maryland, DC, Pennsylvania, New Jersey and New York.  The data below tracks the areas of highest snowfall from North Carolina on January 22 to Massachusetts.

date

start time
lat
long 
wind  
   snowfall 
town







(mph)
   (in)

01/22/2016
09:00 EST
35.60
-82.55

   41

Asheville, NC

01/22/2016
11:00 EST
37.27
-79.94

   37

Roanoke, VA

01/22/2016
13:00 EST
38.90
-77.04
29
   26

Washington, DC

01/22/2016
13:30 EST
39.29
-76.61
23
   38

Baltimore, MD

01/22/2016
15:00 EST
39.46   -77.96

   42

Martinsburg, WV

01/22/2016
18:00 EST
39.83   -77.23
31
   37

Gettysburg, PA

01/22/2016
19:00 EST
40.34
-75.93
31
   35

Reading, PA

01/22/2016
21:30 EST
40.82   -74.48
30
   33

Morris Plains, NJ

01/22/2016
22:30 EST
40.76
-73.89  32
   30

Queens, NY

01/23/2016
01:00 EST
41.12
-73.41
36
   16

Norwalk, CT

01/23/2016
12:30 EST
41.38   -71.83
29
   15.5

Westerly, RI

01/23/2016
14:00 EST
41.70   -70.30
45
   15

Barnstable, MA

The start times are estimates, the snow then continued to fall for between 10 and 29 hours in each of the above places.  Again, these are towards the center of the storm, whose reach covered half of the United States.  Wind gusts range from 10 to 15 mph higher than wind speeds reported above.  Wind speeds as high as 57 mph were recorded in some other locations during this storm.

Sample map

So the teacher can see how the data mapping works, we have included one plot that includes all four of the above storms.  Data points 1 to 19 are the Galveston Hurricane, 20 to 27 the Tri-State Tornado, 28 to 45 the Derecho of 2012, and 46 to 57 the 2016 Winter Storm.
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Resources to use for finding storms in your area:

www.tornadohistoryproject.com/search/advanced
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weather.unisys.com/hurricane/
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www.wunderground.com/hurricane/
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for finding a point from latitude and longitude, or vice versa.  covers the entire world
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for finding the coordinates of any point in the United States

https://www.mapcustomizer.com/ or http://www.easymapmaker.com/ or https://batchgeo.com/these are three free ways to map data on a computer.  I worked in mapcustomizer.

Up-to-date research on derechos:

Corfidi, S.F., A. E. Cohen, M. C. Coniglio, and C. M. Mead, 2016: A proposed revision to the definition of "derecho."  Bull. Amer. Meteor. Soc., 97, 6 (June).
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http://www.udlcenter.org/

http://www.cast.org/our-work/about-udl.html

https://en.wikipedia.org/wiki/Universal_Design_for_Learning

High School Standards

Connection to NGSS

HS-ESS2: Earth's Systems

http://nextgenscience.org/pe/he-ess2-5-earths-systems

HS-ESS2-5: Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface properties..

Dimension

Name of NGSS code/citation

Matching student task or question










taken directly from the activity

Science and

Planning and Carrying Out

The students choose a data set

Engineering

Investigations



to analyze.  Students map that data

Practices






set.  They then compare their data










set and its map to descriptions of










types of windstorm to determine









what type of storm they have 




















mapped.  Students analyze whether









this type of storm was predictable









for this location.

Disciplinary

ESS2.C: The Roles of Water in 
How do you show what type of 

Core Idea

Earth's Surface Processes

storm you mapped?  How does this 









type of storm work with the water









sources where the storm hit?

Crosscutting

Structure and Function

How does your data set fit into a 

Concepts






known pattern of weather events,









temporally and spatially?  How 









does your data exclude the 









possibility of your storm being a









different type?

Connections to 
MS-ESS2-3: Science findings
Is your storm type one that has long

Nature of Science
are frequently revised and/or

been recognized as a unique storm




reinterpreted based on new

type, or a storm type that is recently




evidence



defined?  Why would scientists have









introduced new definitions for types









of storms?

Connections to the Common Core State Standards (NGAC and CCSSO 2010)

WHST.9-12.7: Conduct short as well as more sustained research projects to answer a question or solve a problem; synthesize multiple sources on the subject.

CCSS.ELA-Literacy.RST.6-8.7: Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g. in a flowchart, diagram, model, graph or table).

CCSS.ELA-Literacy.SL.8.5: Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest.  

http://nextgenscience.org/pe/he-ess2-2-earths-systems

HS-ESS2-2: Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that cause changes to other Earth systems.

Dimension

Name of NGSS code/citation

Matching student task or question










taken directly from the activity

Science and

Analyzing and Interpreting 

The students choose a data set

Engineering

Data




to analyze.  Students map that data

Practices






set.  They then compare their data










set and its map to descriptions of










types of windstorm to determine









what type of storm they have 




















mapped.  Students analyze whether









this type of storm was predictable









for this location.

Disciplinary

ESS2.A: Earth Materials and 

How do you show what type of 

Core Idea

Systems



storm you mapped?  How does this 









type of storm work with the energy









sources where the storm hit?

Crosscutting

Stability and Change


How does your data set fit into a 

Concepts






known pattern of weather events,









temporally and spatially?  Is this 







type of storm getting worse over 







time?

Connections to the Common Core State Standards (NGAC and CCSSO 2010)

MP.2
Reason abstractly and quantitatively.

Middle School Standards

Connection to NGSS

MS-ESS2: Earth's Systems

http://nextgenscience.org/msess2-earth-systems

MS-ESS2-5: Collect data to provide evidence for how the motions and complex interactions of air masses results in changes in weather conditions.

Dimension

Name of NGSS code/citation

Matching student task or question










taken directly from the activity

Science and

Analyzing and Interpreting 

The students choose a data set

Engineering

Data




to analyze.  Students map that data

Practices






set.  They then compare their data










set and its map to descriptions of










types of windstorm to determine









what type of storm they have 







mapped.  Students analyze whether









this type of storm was predictable









for this location.

Disciplinary

ESS2.D: Weather and Climate
How do you show what type of 

Core Idea

MS-ESS2-5 Because these

storm you mapped?  What 




patterns are so complex, 

evidence do you have from your




weather can only be predicted
data set?  How does this evidence




probabilistically.


compare to the description of this









type of storm?

Crosscutting

Patterns



How does your data set fit into a 

Concepts






known pattern of weather events,









temporally and spatially?  How 









does your data exclude the 









possibility of your storm being a









different type?

Connections to 
MS-ESS2-3: Science findings
Is your storm type one that has long

Nature of Science
are frequently revised and/or

been recognized as a unique storm




reinterpreted based on new

type, or a storm type that is recently




evidence



defined?  Why would scientists have









introduced new definitions for types









of storms?

Connections to the Common Core State Standards (NGAC and CCSSO 2010)

CCSS.ELA-Literacy.RST.6-8.7: Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g. in a flowchart, diagram, model, graph or table).

CCSS.ELA-Literacy.SL.8.5: Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest.  

http://www.nsta.org/middleschool/msguidelines-scope.aspx

http://nextgenscience.org/msess2-earth-systems

Thanks

This article began in a series of discussions with William Lightfoot, Esq.  It benefitted greatly from the help of Stephen Corfidi of the NOAA Storm Prediction Center, and from the help of one of my students, Patricia Pagcu.  Thank you to these three people, and to all my students who have done this assignment.

