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Ozone and Weather

Objective:

To explore the conceptual relationships between weather parameters and ozone concentration, and to investigate these relationships using historical data.

Background:

Air pollution is a significant health hazard in major cities and industrialized areas across the world. Ozone is one of the most dangerous pollutants. Ozone near the earth surface is dangerous to living things and can damage man-made objects, while ozone high in the stratosphere is helpful (by blocking ultraviolet radiation). Ground-level ozone is formed by chemical reactions of nitrogen oxides with volatile organic compounds (VOC's) in sunlight. It results from industrial activity and automobile exhaust. Ground-level ozone is dangerous because it damages the lungs, making breathing difficult. In the United States, the Environmental Protection Agency (EPA) monitors ozone levels and issues an Air Quality Index (AQI) to keep the public informed of current ozone pollution levels. In this activity, you will be researching AQI levels and weather patterns to discover relationships between ozone and weather.  

The table below contains the EPA’s Air Quality Index for ozone. The index is based on the concentration of ozone near the surface. In the activity, you will be using the AQI levels described in the table below. In recording your data, you should record an approximate AQI value for each time period. For example, when the AQI progresses from Good for two hours to Moderate for four hours to Unhealthy for Sensitive Groups for one hour, the values that you record should reflect those changes.  Appropriate values for this example could be 35, 45, 55, 65, 80, 95, 105.  This shows a relatively smooth increase in ozone conditions over the described time period.

AQI  levels for ozone

	Air Quality Index (AQI)
	Numerical Value
	Meaning
	Color

	Good
	0 - 50
	Air quality is considered satisfactory, and air pollution poses little or no risk.
	Green

	Moderate
	51 - 100
	Air quality is acceptable; however, for some pollutants there may be a moderate health concern for a very small number of people who are unusually sensitive to air pollution.
	Yellow

	Unhealthy for Sensitive Groups
	101 - 150
	Members of sensitive groups may experience health effects. The general public is not likely to be affected.
	Orange

	Unhealthy
	151 - 200
	Everyone may begin to experience health effects; members of sensitive groups may experience more serious health effects.
	Red

	Very Unhealthy 
	201 - 300
	Health alert: everyone may experience more serious health effects.
	Purple

	Hazardous
	> 300
	Health warnings of emergency conditions. The entire population is more likely to be affected.
	Maroon


Source: http://www.epa.gov/airnow/aqi.html
Tools and Materials:

The activities rely on the following web sites:


Smog City - computer model of Sacramento, CA ozone pollution:

http://www.smogcity.com

Air quality data, past and present:
http://www.epa.gov/airnow
Weather data, past and present:

http://vortex.plymouth.edu/sa_parse-u.html. 

You will need a computer with Internet access. Microsoft Excel or a similar spreadsheet program is helpful for graphing. A United States map may be helpful for locating cities that may be sources of ozone pollution.

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DUE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
Name ______________________





Period ______

Activity One: “Smog City” Model Simulation

Overview:

The “Smog City” web site contains a computer model that simulates the effects of pollution and weather conditions on ozone concentrations. The model was computed from ozone data for Sacramento, California. Scientists often use models to express relationships between different variables and to simplify complex systems. You will be exploring this model to gain a better understanding of the relationships between pollutants, weather, and ozone concentrations. The model has an easy-to-use format, and produces output of AQI levels, which were discussed in the background above. The Smog City site contains a great deal of useful information and helpful hints. If you're having trouble with the model, try the “Help” page for basic instructions.

Note:

The Smog City model is a simplified interpretation of reality. It doesn’t include all of the variables that influence ozone pollution. The point of this exercise is to gain a general understanding of how different variables influence pollution levels, and what their relative impacts are. You shouldn’t expect this model to be an exact replica of the real world.

Procedure:

1. Go to the Smog City web site (http://www.smogcity.com). Click the link on the left that says, “Run Smog City”.  It will take some time for the graphics to load in the window.

2. Familiarize yourself with the model. You can adjust the weather: temperature, inversion level, wind speed, and cloud cover. You can also change pollution amounts by shifting the population and emissions amounts for different sectors of society.

3. Adjust any variables you like, then press the “Start” button to run the model. A graph will appear in the “Ozone Levels” box showing the ozone concentrations throughout the day.

4. If you adjust only one variable at a time, you can carry out experiments to see how greatly each variable affects ozone concentrations.  

5. Use the model to answer the questions on the worksheet.

Name ____________________
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Worksheet: “Smog City” Model Simulation

Directions: Use the Smog City model to answer the questions below.

1. How do ozone levels change over the course of a day?  When are they highest? Lowest?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

2. What is the ozone level (AQI name and approximate numerical value, use the table on p. 2!) for a “medium” population with “medium” emissions levels, a temperature of 100°F, a “low” inversion level, no wind, and full cloud cover?  

AQI Level:________________________________

Numerical Value:____________________________________

3. How does increasing each of the following affect ozone levels? (Adjust each independently to find out.)  In one sentence, explain why each variable is having this effect on ozone concentrations.

a)  Temperature?

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________


b)  Inversion level?


__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

c)  Wind speed?


__________________________________________________________________

__________________________________________________________________

__________________________________________________________________


d)  Cloud cover?

__________________________________________________________________

__________________________________________________________________

     __________________________________________________________________

4. Which weather variable(s) in question (3) appears to have the greatest influence on 

     the ozone level? Suggest a reason for this.      ______________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

5. Does weather or population/emission level appear to have a bigger influence on the ozone levels?  Explain how you determined your answer.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

6.  The model assumes that weather and emissions are independent (you can make the temperature warmer, and emissions don't change), but this is often not the case in reality. When the weather changes, people change their behavior and their environment, which may affect emissions levels. Name one example of a way in which a change in the weather could cause a change in emissions.  ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7. Suppose you are the mayor of Smog City. If you could target only one sector for emissions reduction, which sector would you choose? Why? What types of regulations would you enact to control this sector? What political and economic consequences might result (name one of each)? How would you encourage people to support these regulations?


Sector:______________________________________________________________

Reason:____________________________________________________________________________________________________________________________________

Proposed regulations:_________________________________________________________________________________________________________________________________

_____________________________________________________________________

Possible political consequences:_______________________________________________________________________________________________________________________________

Possible economic consequences:_______________________________________________________________________________________________________________________________

_____________________________________________________________________

Incentives to encourage people to support these regulations:_________________________________________________________________________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Name __________________________
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Activity Two: Daily Ozone in the “Real World”

Overview: 

Now that you have looked at a theoretical model of how ozone changes over the course of a day (in Smog City), you will examine some real-world data for comparison. To do this, you will collect archived air quality data from the EPA web site. You will be collecting ozone data for one day to see how ozone changes over the course of the day. You will be able to compare this with the daily ozone graphs you obtained in Smog City.

Procedure:

A) Daily trends in ozone.

1. Go to the EPA web site. (http://www.epa.gov/airnow)
2. Click the “Archives” link on the left hand side.

3. Select a time period and a region to view. Your teacher may specify this information for you, or you may choose your own. Be sure that ozone is selected.

4. A series of small maps will appear, one for each day of the month that you selected.

5. Choose a day that has fairly high levels of ozone, and click on that map. 

6. On your data sheet, record the month, date, and year that you selected.

7. After watching the loop of the top map for a minute or two, select the location on the map that shows the most variation over the course of the day. Make sure that the map shows at least 16 hours – some maps have longer loops than others. Record the nearest city to this location on your data sheet. Use a map if you need to.

8. Record the time, color, and an estimated AQI level at regular time intervals for this location. Record one measurement per hour, using your data sheet. This may be easier if you are working with a partner. You should do your best to interpolate values. For example if you see green for four hours and then yellow, the AQI levels that you record should increase during the four hours.

9. Using Microsoft Excel, another spreadsheet program, or graph paper, graph your data of AQI level versus time. You will want to use military (24-hour) time or record the time as “hour 1”, “hour 2”, “hour 3”, etc., so that your time axis makes sense. When you are finished, print the graphs to submit with your work.

10. Answer the on the worksheet using your graphs and data.

Name _________________






Period ______

Data Sheet: Daily Trends in Ozone

Date of map: _________________

Location of data (nearest city): _______________

Data Table: Label the columns and record your data.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Name ________________
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Worksheet: Daily Trends in Ozone

Directions: Answer the following questions based on your graph of daily ozone data.

1. Describe the shape of the graph. Recall from Smog City: what factors do you think contribute to the changes in ozone levels represented on your graph?     ____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________


2. How does your graph compare to the graphs you saw in Smog City? List all similarities and differences that you observe.

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

3. Compute average AQI values for every 3 hours, every 6 hours, every 8 hours, and every 12 hours. Write these averages in the spaces below.

3-hour averages: 

hr 1-3: _______     hr. 4-6: __________     hr. 7-9: _________     hr. 10-12: _______

hr 13-15: ______    hr. 16-18: ________     hr. 19-21: _______     hr. 22-24: _______

6-hour averages:

hr 1-6: _________      hr. 7-12: _______     hr. 13-18: _______     hr. 19-24: _______

8-hour averages:

hr. 1-8: ________     hr. 9-16: ________     hr. 17-24:  _______ 

12-hour averages:

hr. 1-12: _____________     hr. 13-24:   ______________

4. How do the averages for shorter time periods compare to longer time periods? Which are more variable?  Briefly explain why.  ____________________________________________________________________

____________________________________________________________________

5. EPA regulations allow higher average ozone concentrations for short time periods compared with longer periods.  Why?

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

Name ____________________
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Activity Three: Ozone and Weather in the “Real World”

Overview: 

Now that you have looked at a theoretical model of the relationships between ozone and weather variables, you will examine some real-world data for evidence of these relationships. To do this, you will collect more archived air quality data from the EPA web site and archived weather maps from the Unisys Weather web site. Today, you'll be looking at ozone levels over a period of ten days and comparing them with weather conditions to see how the parameters you explored in Smog City play out in reality.

Procedure:

A. Ozone data

1.  Follow steps (1) to (3) from activity two above to select a region and a month to 

     view. Your teacher may specify the location and month, or you may choose your 

     own.  

2. Choose a ten-day period from the series of maps for that region and month (or find the period that your teacher specified). Each map represents one day. You will be looking at one day at a time.

3. Click on the map for the first day that you chose. Scroll down to the bottom two maps, showing peak AQI and one-hour peak concentration. Choose a location with a relatively high value. Record the nearest city to this location on your data sheet. Use a map if you need to. Then, record the date (month, year, day), peak AQI level (estimate using the range in the table above), and one-hour peak ozone concentration (estimate using the range in the key next to the map) on your data sheet. 

4. Then, go back and repeat the last step for the same location during the second through tenth days.

5.  Using Microsoft Excel, another spreadsheet program, or graph paper, plot a graph of 

     one-hour peak ozone concentration (not AQI level) versus time. Print the graph to 

     submit with your work.

6.  Answer the following questions:

     a) Describe the shape of your graph. Is there a trend or pattern in ozone concentration during the ten days? If so, describe this trend.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

     b) Do maximum ozone levels change gradually from day to day, do they change suddenly, or both? Do the levels increase more rapidly or decrease more rapidly?  Why is this the case?  _________________________________________________               ___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

B. Weather Data

1.  Look up the weather station identifier for the city for which you have air quality data.     

a)  Go to this web site: http://www.nws.noaa.gov/tg/siteloc.shtml and use the “Display All Stations In a State” menu to search for stations in the state for which you have data.     

      b) A list of all stations in the state will appear, followed by each station's identifier in parentheses. Record the four-letter identifiers for the two or three stations nearest to your city on your data sheet. You should record more than one because some stations are occasionally missing data. You may need to use a map to find the next-closest city.

2.  Go to the Plymouth State Weather Center to collect your weather data: http://vortex.plymouth.edu/sa_parse-u.html. Set the state, choose “Decoded Obs”, choose the first date for which you have air quality data, and use a time of 20Z. This corresponds to 4 pm Eastern Daylight Time. If you are in a time zone farther west, add one hour for each time zone.  (For example, in the Western Time Zone, you would select 23Z.) Then click on the button labeled “Click Here to Make the List”. 

3.  A list of stations and observations will appear. Find the station identifiers that you looked up in step (1) and choose one that is not missing data. If none of these stations has a complete set of data for the categories listed below, you will have to go back to step (1) and look up the identifiers for other stations and then proceed through steps 2 and 3 again.

4. Create a data table on your data sheet to record each of the following. Use the first row to label the variables in each column. The first column should record the time of each set of data. The other variables that you will be recording are temperature, wind speed, pressure, cloud cover, and precipitation.

a) Record the station’s temperature in degrees Fahrenheit (in the column labeled “T” on the web page).  

b) Record the station’s wind speed in knots (in the column labeled “SPD”).

c) Record's the station's pressure in millibars (in the column labeled “ALT”, which is an abbreviation for “Altimeter”). Do not write down the value listed under “ALT”, you need to make an adjustment first! To record the correct value, you will need to add a “10” before any number beginning with a 0, 1, 2, 3 or 4, and a “9” before any number beginning with a 7, 8, or 9.  Then, add a decimal point before the last number. In other words, if you see (for example) a value of “985”, you should record “998.5” in your data table. If instead a value of “215” listed, you should record “1021.5” in your data table. These adjustments are necessary because the data is simplified when it is put into code. In making these adjustments, you are de-coding the data.

d) Record the station’s cloud cover to the nearest ¼. First, note the cloud coverage listed in the “COV” column. Then, use the table below to determine the coverage to the nearest ¼. 

Cloud Cover Table

	Abbreviation
	Coverage

	CLR
	0/4

	FEW
	1/4

	SCT
	2/4

	BKN 
	3/4

	OVC
	4/4


e) Record the present weather (or precipitation), abbreviated “WX”. Use the table below to decode the abbreviations. If you see a symbol that is not listed below, do not record it. 


Present Weather Table (Common Symbols)

	Symbol
	Meaning

	F
	Fog

	H
	Haze

	R- ,  R  ,  R+
	Light/moderate/heavy rain

	RW- ,  RW ,  RW+
	Light/moderate/heavy rain showers

	S- ,  S  ,  S+
	Light/moderate/heavy snow

	T
	Lightning/thunder in the area

	TR-  ,  TR  ,  TR+
	Thunderstorm with light/moderate/heavy rain


5. Go back and record this data for the same time and location for the next nine dates, so that you will end up with weather data for the same ten days as your ozone data. 

6. Make separate graphs of temperature versus date and wind speed versus date for the ten days of data that you recorded. Your teacher may also ask you to graph some of the other weather variables. If you used a computer, print the graphs to submit with your work.

7. Answer the following questions using your graphs of weather and ozone.

a)  Does the graph of temperature versus date show a possible relationship with ozone levels? If so, explain what this relationship might be. If not, why does temperature seem to have little effect?   __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

b) Does the graph of wind speed versus date show a possible relationship with ozone levels? If so, explain what this relationship might be. If not, why does wind speed seem to have little effect? ___________________________________________________________________

___________________________________________________________________

c) Compare your weather data and your graph of ozone concentration versus time. Does there appear to be a relationship between ozone and i) cloud cover, ii) precipitation, and iii) high/low pressure systems?  Use your data to support your answers. For each variable, explain in a sentence why you might expect a relationship between it and ozone.    i)__________________________________________________________________

___________________________________________________________________

ii)_________________________________________________________________

___________________________________________________________________

iii)_________________________________________________________________

___________________________________________________________________

___________________________________________________________________

d) Find a period of four to five days when maximum ozone levels follow an upward or downward trend.  Observe and record significant changes in your weather variables during this time period.  It may be helpful to go back to the data for these days.  How does the weather appear to be impacting ozone levels?

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

e) Based on your analysis above, write a paragraph explaining how well your real-world data relate to the Smog City model that you used at the beginning of this activity.  Address the following questions: (1) Which weather parameters most significantly affected ozone levels in Smog City simulations? (2) Using real data, which weather variables appeared to have the strongest relationships to air quality levels? (3) If these are different, explain why might this be the case? (4) Why are the relationships between weather and air quality harder to see in the EPA/weather data than in Smog City? (5) What did you learn (give 2 or more examples) about these relationships while using the EPA data that were not evident in Smog City?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Name _________________






Date _______

Data Sheet: Ozone and Weather

Dates of map: _________________

Location of data (nearest city): _______________         Identifiers: _________________

Ozone Data Table: Label the columns and record your data.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Weather Data Table:

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Name ___________________
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Worksheet: Ozone Activities Summary

Directions: Based on your knowledge from the previous activities, answer the questions below. If you are having difficulty, you may want to re-visit the Smog City and EPA web sites.

1. Where do the highest levels of ozone tend to occur in relation to large cities?  Why there?  __________________________________________________________

________________________________________________________________

________________________________________________________________

2. Do the highest levels of ozone tend to remain in one place or move over the course of the day?  Why? _________________________________________________

________________________________________________________________

3. What makes a city especially vulnerable to ozone pollution?  For example, why are Los Angeles and Mexico City notorious for high levels of ozone?

________________________________________________________________

________________________________________________________________

________________________________________________________________

4. How can ozone levels be reduced over both short (daily to weekly) and long (years to decades) time periods?  Describe two ways for each time period.

Short term:________________________________________________________

_________________________________________________________________

Long term:_____________________________________________________________

_________________________________________________________________

5. What time of year tends to have the highest ozone levels? Why?

_________________________________________________________________

_________________________________________________________________

6. What would be a “worst-case scenario” combination of location, time of year, and weather conditions to produce dangerously high levels of ozone?

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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