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Ozone and Weather

Teacher's Guide

by

Stephen Jessup, CSIP Graduate Student Fellow, Cornell University

Objective: 

To explore the conceptual relationships between weather parameters and ground-level ozone concentration, and to verify these relationships using historical data.

Subject: Environmental Science, Earth Science

Audience:

These activities are intended for high school or advanced middle school students in Environmental Science and Earth Science classes. Some knowledge of basic meteorology is helpful but not necessary.

Time required:

These activities will take approximately four to five class periods. Realistically, it's best to treat this as a week-long unit, including background information, these activities, and (if time allows) a sampling activity from the “Possible Extensions” below. It is recommended that some time (perhaps a full period) be given to introduce the activities and some basic information about ozone pollution. The first and second activities require roughly one period each. For both of these, the students can finish answering questions at home provided that they have completed the data collection and graphing in class. The third activity will likely take a bit longer, a period and a half to two periods. Again, the questions may be completed in class or at home. The final worksheet is included to review the main ideas of the unit and pull the concepts of the three activities together. 

Background:

Description

These activities follow a logical progression to build student understandings of the relationship between ground-level ozone concentrations and weather conditions. First, students read the background information provided in their handout. Then they 

explore a web-based model of the effects of weather parameters on ozone pollution in Sacramento, CA. This builds a theoretical understanding of the processes at work. Finally, the students collect archived ozone pollution and weather data and analyze how closely the model predictions reflect the interactions they find using real data. 

Weather Background

In these activities, students learn which weather variables significantly affect ozone levels. First, the amount of sunlight (or its opposite, amount of cloud cover) is important because ozone forms through chemical reactions, which require sunlight energy. Ozone is not directly emitted from cars and factories; it needs sunlight to form. The temperature is significant because the chemical reactions that produce ozone occur faster at higher temperatures. Wind speed is important because faster winds can more rapidly disperse ozone and molecules from which it forms. The inversion level is also significant because it traps ozone close to the land surface. In short, the inversion level is a stable layer of the atmosphere above which air cannot rise. As the inversion level gets lower, ground-level ozone concentrations tend to rise. A low inversion level prevents the ozone (and molecules which form it) from dispersing. For a more in-depth discussion of inversions and illustrations that may be helpful in class, visit this web site: http://daphne.palomar.edu/calenvironment/smog.htm. In the third activity, the atmospheric pressure is used as a surrogate for the inversion level. To a simple approximation, the higher the pressure, the lower the inversion (and the greater the potential for ozone problems). This is not always the case, but is reasonable given the data sources available.

Tools:

The activities rely on the following web sites:


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

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. 

Learning and Behavioral Objectives:

Through the activities in this unit, students will:

· Model ozone emissions and ambient air concentrations to better understand the ozone problem and how it relates to weather.

· Observe and explain daily fluctuations in ozone concentrations.

· Observe and explain relationships between ozone concentrations and weather patterns.

· Understand the ability of models to represent problems conceptually.

· Apply theoretical concepts to a real-world event.

· Consider the social implications of ozone pollution and ways to mitigate the pollution.

· Learn to collect and use data via the Internet.

· Graph data using graph paper or a spreadsheet program.

· Interpret data and graphs.

National Science Education Standards and New York State Regents Standards Addressed:


This curriculum unit is aligned with the National Science Education Standards for science content. The standards specifically addressed in these activities include the following:


Unifying concepts and processes: 

· Evidence, models, and explanation

· Change, constancy, measurement


Science as Inquiry

· Use technology and mathematics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Recognize and analyze alternative explanations and models.


Science in Personal and Social Perspectives

· Human populations use resources in the environment in order to maintain and improve their existence. Natural resources have been and will continue to be used to maintain human populations. 

· Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the atmosphere, generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing many of these basic processes, and the changes may be detrimental to humans.

· Many factors influence environmental quality. Factors that students might investigate include population growth, resource use, population distribution, overconsumption, the capacity of technology to solve problems, poverty, the role of economic, political, and religious views, and different ways humans view the earth. 

· Natural and human-induced hazards present the need for humans to assess potential danger and risk. Many changes in the environment designed by humans bring benefits to society, as well as cause risks. Students should understand the costs and trade-offs of various hazards--ranging from those with minor risk to a few people to major catastrophes with major risk to many people. The scale of events and the accuracy with which scientists and engineers can (and cannot) predict events are important considerations. 

· Humans have a major effect on other species.


Physical Science Content Standard

· Chemical reactions occur all around us, for example in health care, cooking, cosmetics, and automobiles.

Assessment Strategy:

Assessment should largely be based on the students’ graphs and answers to worksheet questions. Some of the more open-ended questions challenge the students to think. These questions help the students to apply the concepts to new situations. The worksheets are designed to build the students' understanding, not just their knowledge. You also may wish to hold students accountable for their productivity in class by assigning a participation grade, such as check-plus, check, check-minus.

Teaching Tips:

1. A good introduction can make the activities much more relevant. At the time this activity was being developed (April, 2004), the EPA had announced that many local and state governments had been given deadlines to meet regional air quality standards. This announcement was used to put the activities into context and to address the significance of the topic. Similarly, you may want to use recent local or national newspaper articles to introduce ozone pollution.  The EPA web site (http://www.epa.gov) and Science News (http://www.sciencenews.org) are both good place to start when looking for recent news.

2. Although it is briefly mentioned in the students' introduction, the difference between stratospheric (high-level) and tropospheric (ground-level) ozone should be made clear to the students. If you want to brush up on the topic, take a look at the EPA Airnow web site – http://www.epa.gov/airnow.  The “Background Information” on ozone has relevant information.  The Smog City site (http://www.smogcity.com) also has a great deal of useful ozone information. A set of notes for students is included with this documentation that was used in the piloting of this activity.

3. In piloting this activity, Smog City ran more consistently in Microsoft Internet Explorer than in Netscape.

4. It may be easier for the students to work in pairs, especially when collecting data for the second activity.

5. When this activity was piloted, the students were allowed to choose their own location and time period to study. Although this approach produces less uniform answers that are more time-consuming to grade, it allows the students to make a personal connection with the project – they can look at a city where they know a relative, or a time that they remember a local air pollution problem at home. The questions are general enough that the answers may be similar for most students despite the different data sets used. If you prefer, however, you may specify a general case for the students to use so that their answers will be more uniform.  After this, the students may choose their own case to explore.

6. A general answer key is provided for Activities One, Two, and the Summary worksheet. The key provides sample answers, but other answers may be entirely correct as well. No key is provided for Activity Three. The answers are either based on one of the other worksheets or depend on the students’ data.

Potential Problems:
1. The Smog City model requires a Java script in order to run. You may want to check the computers in the lab or classroom a day before the activity to be sure that the model runs. If the model does not run, there is a link to download and install the script. Installation should not be difficult, and your school's technical assistant or a web-savvy teacher should be able to help with any problems.

2. Both the Smog City model and the EPA data report Air Quality Index levels, not ozone concentrations. This may be confusing to students but can be clarified if you explain that the AQI level is an index that represents the concentration of ozone and several other airborne pollutants and is used to communicate to the public the degree of air pollution hazard at a particular place and time. Although AQI includes other types of air pollution, it does accurately portray trends in ground-level ozone concentrations.

3. Student absences during this activity can challenge the most organized teacher. Because each activity builds upon the previous one, absent students should resume where they had left off, even though they will be behind the rest of the class. This poses a problem for student pairings and groupings. No simple solution was found during the piloting session. Having an absentee make up the missed work on the day of his or her return during lunch, a free period, or after school is probably the best solution.

7. The Smog City model is not perfect (as is noted in the Cautionary Note on the main Smog City page). In the piloting sessions, some students noticed that setting every variable to the highest setting produced a counter-intuitively low result. The students should be aware that problems such as these are possible. A discussion of the model’s limitations could be a useful inclusion in this unit.

Potential Extensions:

Societal considerations

Several questions touch upon the considerations of the health issues, the costs of air pollution, and the ways to mitigate it, but these topics are not given their just due in these activities. An additional day may be devoted to web research, investigating the problems and solutions of ozone and other types of pollution. Another approach to the social implications of ozone pollution could be a classroom debate, pitting “auto manufacturers” against “environmentalists”, or other similar pro/con positions. Students would research their position, then express their views in a debate. Lastly, students can explore ways in which they can reduce pollution in their own daily lives.

The University of Buffalo National Center for Case Study Teaching in Science is an excellent resource for these role-playing activities: http://ublib.buffalo.edu/libraries/projects/cases/ubcase.htm.  

The “Ecology/Environment” section contains an air pollution case, “Breathing Easy About New Air Pollution Standards.”

Sampling Activities

These computer activities provide a solid base of information about the processes contributing to ozone air pollution, but they don't allow for a hands-on opportunity to measure it. Several other web sites have lesson plans for measuring particulate and ozone air pollution. The links below provide examples of these activities.

Activity creating Shoenbein paper to sample ozone:

http://k12science.ati.stevens-tech.edu/curriculum/airproj/labpaper.html
Activity sampling particulates with filter paper and a vacuum cleaner:

http://www.lbl.gov/Education/ELSI/pollution-measure-BC.html
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Period ______

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?

Ozone levels are lowest in the early morning, right around dawn, increase throughout the day until the late afternoon, then decrease throughout the evening and overnight. The shape could be described as similar to a sine wave.______________________________

_______________________________________________________________________

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: Unhealthy________________________________

Numerical Value:    Approx. 195_______________________________

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?

Higher temperature, ozone levels increase due to faster chemical reactions.______

__________________________________________________________________

__________________________________________________________________


b)  Inversion level?


Higher inversion level, ozone levels decrease because the ozone can disperse more easily._____________________________________________________________

__________________________________________________________________

c)  Wind speed?


Higher wind speed, ozone levels decrease because the ozone can disperse more easily. 

_____________________________________________________________________

__________________________________________________________________
_

d)  Cloud cover?

More cloud cover, ozone levels decrease because sunlight is required in the chemical reactions that form ozone._______________________________________________
     __________________________________________________________________

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

     the ozone level? Suggest a reason for this.      ______________________________

Either temperature or cloud cover is an acceptable answer. Both of these variables_ affect the production of ozone via the chemical reactions that produce ozone._____
___________________________________________________________________

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

Answers will vary. Students should use a reasonable method and justify their 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.  Examples include using heating in winter, air conditioning in summer, both of which increase emissions levels. People may be more likely to travel on nice days than when the weather is poor, which could increase or decrease emissions, respectively. ____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

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?    Answers will vary. Answers should be logical and justified. A sample is given.


Sector:_Transportation (Road vehicles, cars and trucks)_______________________________________

Reason:This sector causes the most ozone pollution, according to Smog City. _____________________________________________________________________

Proposed regulations:Require cars and trucks to use cleaner fuel, toughen auto emissionsstandards.___________________________________________________
Possible political consequences:Auto manufacturers, gas companies will be unhappy. _____________________________________________________________________

Possible economic consequences:Cost of gas, automobiles will rise. As a result, the cost of other consumer goods may rise due to high gas prices._____________________________________________________________________

_____________________________________________________________________

Incentives to encourage people to support these regulations:Tax breaks for owners of fuel-efficient vehicles, research funds for companies to seek more efficient fuels, information about the costs and health effects of ozone pollution. 
_____________________________________________________________________

Name __ANSWER KEY_






Period ______

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?     Answers will vary. In general, expect “noisier” data than in Smog City, but hopefully a similar trend.
____________________________________________________________________

____________________________________________________________________

____________________________________________________________________


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

Answers will vary. The shape may be somewhat similar, the magnitude may be different. In many cases, the real-world data will be more variable and noisier than Smog City graphs.______________________________________________________________

____________________________________________________________________

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:   Answers will vary. You may also want to collect the students’ calculations.

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.  Typically, shorter time periods will be more variable; data get smoothed out as the time step increases.
5. EPA regulations allow higher average ozone concentrations for short time periods compared with longer periods.  Why?

This question relates to the question above. Due to greater variability, higher levels will be more common over shorter time periods than over longer ones, because the ozone eventually disperses. In terms of human health, high ozone concentrations are unhealthy no matter how long they are present, but are more dangerous the longer the conditions persist - more people will be exposed. _______________________________________

Name ANSWER KEY______





Period ______

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?    They tend to occur downwind of the major cities, and sometimes directly overhead. Wind controls the dispersal of ozone. The ozone moves where the wind moves it.__________________________________________________________

2. Do the highest levels of ozone tend to remain in one place or move over the course of the day?  Why? ____They usually shift due to the wind._________________

________________________________________________________________
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?

According to Smog City, sunlight, hot days, little wind, and low inversions make for dangerous ozone conditions. These cities can experience all of these during the summer. They sit in valleys that can help to create a low-level inversion and stagnant air. Because they’re so heavily populated, both cities also have large emissions problems.
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:  Changes in local weather conditions, restricting automobile and electricity use.
Long term:_Long-term climate variations in prevailing weather patterns, making cars, trucks, power plants, and factories more environmentally friendly, changing behavior patterns to generate fewer emissions.
5. What time of year tends to have the highest ozone levels? Why?

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

A major city in a valley with high temperatures, plentiful sunlight, no wind, and a low inversion that is clogged with traffic in the middle of summer.
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