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Ozone, Andøy High School

The ozone layer: Exercises in physics and computer skills
Suggestions for solutions
Many of the questions are meant to start discussions and to let the students themselves ask questions and find explanations. They should be encouraged to further studies of data and websites. 

This document is identical to the student's worksheet but has in addition suggestions for answers. 
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Introduction
The ozone layer is a part of the stratosphere between about 15 and 30 km where the ozone concentration is higher than in rest of the atmosphere. But still the concentration is very low. If we collected all ozone in a column of the atmosphere at ground level (1 atm) the layer would be only a few millimetres thick. An ozone layer with 300 DU (Dobson units) would be 3 mm thick at ground level. The reason why we are so interested in this layer is that it protects us from much of the UV-radiation from the sun. A reduction of the ozone layer has been observed during the last 50-60 years. Negative effects include an increased risk for skin cancer. 
The ozone layer is monitored both by measurement from the ground and from satellites.

Exercise 1 focuses on global changes of the ozone layer during a year. It also illustrates differences between satellite data and data based on ground measurements. In addition you will compare the ozone map for one month with a map which illustrates the risk of getting sunburnt. Does a thin ozone layer automatically mean an increased risk for cancer?

The goal of exercise 2 is learning to visualise changes in the ozone layer from month to month by creating an animation. 

Exercise 3 aims at practicing computer skills by creating diagrams from data in an excel-file followed by analysing the data and evaluating different diagrams.

Required material:
Exercise 1: 

· Global ozone maps for a year based on satellite measurements

· Global ozone maps for a year based on ground measurements

· Global maps of erythemal exposure doses for UV 

· Examples for all such data you find in the attachment 1 and 2 at the end of this document (and in in attached files ("ozone map 2003-monthly ground" and " ozone map 2003-monthly satellite") 
Exercise 2:

· Computer

· Software to create a GIF-animation

· Global ozone maps (as in exercise 1) as picture files

· Examples for these data and a link to free software is attached

Exercise 3:
· Computer

· Software Microsoft Excel or similar software

· Daily ozone data for different locations at different latitudes
Objectives:
· Learn about the ozone layer and its variations
· Learn about measurements of the ozone layer
· Use of excel-software

· Graphic presentation of data

· Analysis of data

· Give an evaluation of different graphic presentations - be critical 
· Develop own ideas for further analysis of the available data
· Use statistics

· Encourage to find recent data on the internet 

· Encourage the students to ask questions and to try to find answers

1. Exercise
a. Study the images (attachment 1) and describe the development of the ozone layer in 2003. (Alternative: use the internet for data from different periods: http://toms.gsfc.nasa.gov/ozone/ozone_v8.html)

· Did an ozone hole develop over Antarctica? If so, when did that happen?

b. Compare the two maps of the satellite based and ground based measurements (attachment 1).

c. On the maps based on satellite data there is always a part around one or both poles with white colour. Why? Why is that not the case for the maps based on ground observations?
Answer:
 White colour means no data.
The satellite instrument TOMS measures the reflected sunlight at two wavelengths in the UV-range. One is strongly absorbed by ozone, the other is not. These data are used to calculate the total ozone in the atmosphere column. For these measurements sunlight is needed. Because of the tilt of the Earth's axis the sun is below the horizon for six months in winter at the poles. The length of the polar night decreases with the distance from the poles. Between the polar circles in the north and in the south the sun comes over the horizon each day.
There are different types of measurement from the ground. One can use LIDAR where UV-light of two wavelengths – one strongly absorbed by ozone, the other weakly - is emitted from a laser at the ground station. The instruments measure the reflected light from the atmosphere for both wavelengths. Here one does not depend on sunlight for the measurements.
d. The May picture from satellite data looks like an orange that is to be peeled with different segments. Find an explanation.

Answer: 

Again it means that there are no data. But here it must have been some kind of technical problems that result in a lack of data. One cannot see it on the map but the data are also missing in the polar regions. But near the poles the traces of the orbits are so close that the resolution is not good enough to see it that data are missing.


e. Which factors do you have to consider in order to estimate the risk of getting a sunburn?

Answer: 

· ozone level in the atmosphere

· latitude (angle to the sun, the lower the angle, the longer is the path of the light through atmosphere)

· altitude

· time during the day (angle to the sun)

· time of the year (angle to the sun)

· clouds (thick cloud cover: more protection from UV, thin cloud cover: very little extra protection, partly clouded: reflection from clouds can increase the UV radiation one is exposed for)

· landscape (open landscape or f.ex. in a forest)

· albedo (f. ex. snow, water or vegetation reflect differently)
· and of course clothes and use of sun protection creams, skin type …

f. Erythemal exposure doses for UV give an indication of the risk for sunburn. They are data of the received energy per area in the UV-range. 
Compare the ozone map for October with the average UV eurythemal exposure map for the same month (attachment 2). (Data for different periods you find at http://toms.gsfc.nasa.gov/ery_uv/euv_v8.html and ftp://toms.gsfc.nasa.gov/pub/eptoms/images/monthly_averages/erythemal/  )
· Where is the ozone layer thinnest?

· Where are the highest doses of UV radiation and therefore the greatest risk of getting sunburnt? 
· How can you explain your observations? (A little hint: Think about why the temperature on a clear summer day is lower in the evening just before sunset than in the middle of the day.)

Answer:

There is little correlation between the thickness of the ozone layer and the risk of sunburn. The explanation is given above. There are many other factors that determine the risk for sunburn than the thickness of the ozone layer. There is a great risk for sunburn f. ex. in the Andes mountains while the thinnest ozone layer is in Antarctica.

2. Exercise
Create a GIF animation of the monthly change of the ozone layer in the world. The individual maps for each month in 2003 you find in the files "Ozone 2003-monthly satellite-GIF" and "Ozone 2003-monthly ground-GIF". You can also choose other periods by retrieving images from ftp://toms.gsfc.nasa.gov/pub/eptoms/images/monthly_averages/ozone/. Necessary software you can find on the web. You could f. ex. use the software "Babarosa GIF animator" which you can try for free (http://www.liatro.com/product/product.php ). 
Solution: You find GIF animations in the files: 

· Ozone 2003-ground-animation.gif
· Ozone 2003-TOMS animation.gif

· UV 2003 animation.gif
3. Exercise
The excel-file "Daily ozone 2003-data only.xls" contains daily data from 7 places. They are based on satellite measurements with TOMS: 
	Place
	Latitude 
	Longitude

	Alert, Canada  
	82.50 N
	62.33 W

	Oslo, Norway
	59.92 N
	10.72 E

	Cairo, Egypt
	30.08 N
	31.28 E

	Pontianak, Kalimantan, Indonesia
	0.03 N
	109.3 E

	Durban, South Africa
	30.03 S
	30.98 E

	Mariambio, Antarctica (Argentina)
	64.23 S
	56.72 W

	Amundsen-Scott, Antarctica (USA)
	89.98 S
	24.80 W


a. Create graphs to show the variation in the ozone layer from day to day for places at different latitudes.

Answer: The ozone data have the same data source as the ozone maps in exercise 1. Here you can see that there are no values for several days in May and in December for all places. The instrument did not work.
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b. Describe the information the graphs give you.

· Where are the greatest variations during the year?
· Answer: 
· Big variations at higher latitudes, very little variation near equator. Higher ozone levels in spring than in autumn on the Northern hemisphere. 

· Low ozone level over equator during the whole year.

· Thinner ozone layer on the southern hemisphere (especially when approaching the polar region).

· Where is the average ozone concentration lowest for the year?

· Answer: It seems that the average for the equator is lowest. In the polar regions there are measurement for only about half a year. It is not possible to give an average value for the year.

· Compare the data for similar latitudes north and south of the equator.
· Answer: For the 30 degrees north and south of the equator the graphs are very similar. During spring there are slightly higher values than for autumn.
For 60 degrees the ozone layer on the place north of the equator is generally higher than that of the corresponding place on the southern hemisphere. There are huge short time variations in both graphs. At 64º S there is a marked minimum in September/October. This is an expression of the Antarctic ozone "hole". 


c. Create a list in the excel-file, calculate the average ozone levels for each month for each place and create a graph of that.
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d. Compare the graph from average ozone values with the graph from daily measurements. Evaluate the graphs. Which one gives the better information?

Answer:The graph based on average values has much smoother curves. The main information – the general tendancy -  about the annual variations is the same as for the graph of daily values. But one looses the information about the major short term changes. Which one is the best depends on the purpose.
Solutions: You find examples for graphs and calculated monthly average in the file

· Daily ozone 2003-with graph.xls



Attachment 1: 

	Total ozone:

Based on measurements from satellite with a  Total Ozone Mapping Spectrometer (TOMS)

· Average for each month in 2003
	Total ozone:

Based on measurements from the ground

· Measurements on the first day each month in 2003
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	Source: ftp://toms.gsfc.nasa.gov/pub/eptoms/images/monthly_averages/ozone/
Hompage of Total Ozone Mapping Spectrometer (TOMS)

http://jwocky.gsfc.nasa.gov/eptoms/ep.html
	Source: Experimental Studies Division (ARQX) of the Meteorological Service of Canada (MSC)
http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap




Attachment 2

Average ozone and UV erythemal exposure in October 2003
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