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Part A: Do you really want to visit the Arctic? - Teacher Guide 
 
Setting the Stage 

Student groups examine and describe one of four guided datasets of the annual record of 2010 
at the Eureka, Canada, Arctic meteorological tower for air temperature, wind speed, snow 
depth, and incoming solar radiation. The activity is designed for students to become familiar with 
the Arctic weather data, reading and interpreting graphs. 
 

 
Eureka, Canada, Arctic Meteorological Tower. Photo Credit: NOAA 

Lesson Overview 

In this lesson sequence, students will define and learn about the Arctic.  
●​ Lesson 1 – (30 minutes) Warm Up Activity 

Students will research the state of the climate in the Arctic 
●​ Lesson 2 –  (50 minutes) Research Groups become expert in their data 

Students will work together to examine one weather parameter and read a graph. 
 
 

This project is funded by NSF, Award number 1107428 
 
 

Instructional Overview 
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Grade Level Middle/High School 

Instructional Time 80 minutes (total time needed) 

Activity 2 Goals  ●​ Interpret Arctic climate data 
●​ Compare seasonal weather patterns 
●​ Define winter using meteorological data 
●​ Compare Arctic weather to weather in their hometown 

Lesson Driving 
Question 

●​ What does weather and climate look like in the Arctic? 
●​ How do researchers study the Arctic? 

Building Toward  NGSS: ESS2D, LS2C 

Three Dimensions Science and Engineering Practices:  
●​ Asking and Defining Problems 
●​ Analyzing and Interpreting Data 
●​ Using Mathematics and Computational Thinking 
●​ CH11 Youth Discourses to Scientific Discourses 

Disciplinary Core Ideas:  
●​ ESS2: Earth’s Systems 
Crosscutting Concepts:  

●​ Patterns 

Materials ❏​ Student Worksheet 
❏​ Jigsaw worksheet (Each student only needs the one for their assigned 

Research Group) 
❏​ PowerPoint with data graphs (Print so that each student has a graph 

and data tips for their Research Group assignment.) 
❏​ PowerPoint with all relevant images and graphs (slides 25-25) 

Material Preparation ❏​ Print copy of Graphs for each Research Group 
❏​ Print copy of Student Worksheet for each student 
❏​ Print copy of Jigsaw Worksheet for each Research Group 

Vocabulary Arctic - The Arctic is a polar region surrounding the North Pole, 
characterized by extreme cold, ice-covered seas, permafrost, and 
unique wildlife. 

Instructional Strategies  Jigsaw: A cooperative learning strategy where students become "experts" 
on a specific topic and then teach their knowledge to their peers in small 
groups, fostering collaboration and deeper understanding of the material. 
An excellent reference on teaching with the jigsaw method (here) 
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https://www.nextgenscience.org/disciplinary-core-idea/ess2d-weather-and-climate?page=2
https://www.nextgenscience.org/disciplinary-core-idea/ls2c-ecosystems-dynamics-functioning-and-resilience?page=1
https://docs.google.com/document/d/1CeFp4-d1wDO54y0iZKo7Yb2yQrMHaoKH/edit?usp=drive_link&ouid=104158247381679789985&rtpof=true&sd=true
https://docs.google.com/document/d/1J3LYdUPjiGpWAVSTKSsDpVIa5kGU8wwZ/edit?usp=sharing&ouid=104158247381679789985&rtpof=true&sd=true
https://drive.google.com/file/d/1QNRMDZAuBqsK6zbjjRjhoQgmWhjoYFIw/view?usp=drive_link
https://docs.google.com/presentation/d/1iAoKBSTRyng0yXOqXPLZzqmqZrfZwdw8/edit?usp=drive_link&ouid=104158247381679789985&rtpof=true&sd=true
https://drive.google.com/file/d/1QNRMDZAuBqsK6zbjjRjhoQgmWhjoYFIw/view?usp=drive_link
https://docs.google.com/document/d/1CeFp4-d1wDO54y0iZKo7Yb2yQrMHaoKH/edit?usp=drive_link&ouid=104158247381679789985&rtpof=true&sd=true
https://docs.google.com/document/d/1J3LYdUPjiGpWAVSTKSsDpVIa5kGU8wwZ/edit?usp=drive_link&ouid=104158247381679789985&rtpof=true&sd=true
http://serc.carleton.edu/sp/library/jigsaws/index.html
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Lesson 1: Warm Up Activity (30 minutes) 
Do you really want to visit the Arctic? 

 
YOUR MISSION: 
You have been accepted into the University of Colorado’s 
Arctic intern program to work with scientists, Drs. Andrey 
Grachev and Dr. Ola Persson, on their research project in the 
Canadian Arctic. 
​  
WARM-UP ACTIVITY:​
Before scientists undertake new research, they do a lot of 
reading to learn from what has already been studied, to come 
up with questions that need to be answered, and to 
understand methods that have been used to answer similar 
questions.  

State of Climate. Photo Credit: NOAA 
 

So, before you dive into your Arctic research, take a moment to read up on Arctic 
climate and how it is related to the climate worldwide. The data you will be working with 
is from 2010, so take a look at the State of the Climate report from that year:  
http://www1.ncdc.noaa.gov/pub/data/cmb/bams-sotc/2010/bams-sotc-2010-brochure-lo-rez.pdf 
 
Write down 3 questions about the Arctic that you might like to know the answers to. For 
example, do you want to know about the environment, the landscape, the people, or the 
weather? Try to phrase your questions so they are specific. 

Overview Jigsaw Activity 
 

Your team is planning to visit EUREKA on Ellesmere 
Island in Nunavut, Canada. You need to plan the visit 
during a time when the conditions will allow your team 
to be there in relative safety and comfort. You have 
year-round weather data to use to help you make your 
decision. Because there is so much data to analyze, 
your research team will break into smaller groups to 
examine parts of the data.  

Eureka Weather Station. Photo Credit: NASA 

 
Meteorological data collection instruments have been set up at this research station. To 
understand what this data means, each group will examine one dataset and then compare their 
findings with the other groups. In the meantime, you will also learn about the data and how it is 
measured, and you will discover what the weather conditions are like in this special 
environment of the Arctic. 
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●​ For Part A, start in Research Groups, where your group will work together to examine 
one weather parameter that was measured at Eureka Station.  

○​ Research Group A – Air Temperature 
○​ Research Group B – Wind Speed 
○​ Research Group C – Snow Depth 
○​ Research Group D – Incoming Solar Radiation 

 
●​ Next, for Part B, one member from each Research Group will join a Research Team.  

 
●​ Each Research Team has a particular research focus and will need to plan their visit to 

the Arctic accordingly. Teams will have to combine the likely needs of their research 
focus, along with the weather conditions at Eureka to come up with the ideal time to 
visit. 

○​ Research Team 1 – Testing a fat-tired bicycle for travel across a snowy surface for 
field research 

○​ Research Team 2 – Collecting seeds from Arctic wildflowers 
○​ Research Team 3 – Astronomy research and photographing the night sky 
○​ Research Team 4 – Annual visit to maintain the meteorological instruments on 

the tower​
 

 
Lesson 2: Research Teams (50 minutes) 
 
Analyzing and Making Sense of Weather Data 
 

 
Work in groups of 4 to analyze the data as outlined below.  

●​ Research Group A – Air Temperature 
●​ Research Group B – Wind Speed 
●​ Research Group C – Snow depth 
●​ Research Group D – Incoming Short-wave Radiation 

 
Use the graph, ‘about the data’, and ‘analysis tips’ to learn about the parameter that is assigned 
to your research group. (Your teacher will give these materials to each research group.) 

Answer the questions on the worksheet for your Research Group only. 
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Research Group A – Air Temperature  

 

 
About the data: 

Air temperature varies throughout the day in response to direct solar heating and from day to 
day as weather systems move around the globe. Average air temperature also changes with the 
seasons. Scientists want to know both the extremes of temperature and the average 
temperature for some periods ranging from 24 hours to a month, a year, or longer. 

The Eureka project measured air temperature at 2, 6, and 10 meters from the ground surface. 
This data is from 2 meters above the ground surface. This graph shows data collected in 2010. 

Analysis tip:  

This data is the average daily temperature from readings taken every minute and then 
averaged together to give one reading for the day. This means that the high temperature for the 
day was warmer than this value, and the low temperature was colder than this value.  

There was a period from August 4-8 when data was not collected. This is shown as a gap in the 
line on the graph. 
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Examine the graph of air temperature.  

1. What does the x-axis show?  

2. What does the y-axis show? What are the units?  

3. Draw a vertical line on the graph at the following dates: 

First day of spring​
First day of summer​
First day of autumn​
First day of winter 

4. What is the warmest daily average temperature for the year? When did that occur?  

5. Temperatures are shown in degrees Celsius. Convert your high temperature reading to 
Fahrenheit so that you can better relate to what the temperature was. 

The formula for conversion °C to °F is: Multiply °C by 9, then divide by 5, then add 32 

6. What is the coldest daily average temperature for the year? When did that occur?  

7. Convert your low temperature reading to Fahrenheit. 

8. How do these compare to the temperatures in your own hometown during similar times of 
the year? 

 

9. During which parts of the year would you consider the temperatures to be habitable? 

 

 

 
 
 
 
 

 

6 



                                         Activity 2 - Part A                                                    Teacher Guide                         ________________________________________________________ 
Research Group B – Wind Speed 

 

About the data: 

Winds are a result of uneven heating of Earth’s atmosphere. Winds can accompany weather 
fronts and storms, or they can be steady throughout a number of days. 

The Eureka project measured wind speed at a height of 10.5 meters above the ground surface. 
Wind direction was also measured but is not included here, just to keep things simple. This 
graph is for data collected in 2010. 

Analysis tip:  

This data is the average daily wind speed from readings taken every minute and then averaged 
together to give one reading for the day. This means that the highest wind speed for the day 
was greater than this value, and the lowest wind speed was lower than this value.  

There was a period from August 4-8 when data was not collected. This is shown as a gap in the 
line on the graph. 

Examine the graph for wind speed.  
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1. What does the x-axis show?  

2. What does the y-axis show? What are the units?  

3. Draw a vertical line on the graph at the following dates: 

First day of spring​
First day of summer​
First day of autumn​
First day of winter 

4. What was the maximum daily average wind speed during the year? When did that occur?  

5. Convert the maximum wind speed from meters per second to miles per hour, so that the 
units are easier to relate to.  

You’ll need to know that there are 1609 meters/mile 

 

6. When were there periods of generally low wind speeds? 

7. Can you see any pattern to when the winds were the strongest and when they were quieter? 
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Research Group C – Snow Depth  

 

About the data: 

Snowfall and snow depth may vary significantly over distances less than 10 km. In order to 
understand the local, regional, and global weather patterns, scientists must know how much 
precipitation falls at many different locations around the world. Topography, winds, and other 
local effects can create large differences in snow depth. This graph is for data collected in 2010. 

Analysis tip: 

This data is the average daily snow depth from readings taken every minute and then averaged 
together to give one reading for the day. 

There were periods from July 10-13 and August 4-8 when data were not collected. These are 
shown as gaps in the line on the graph. 

This dataset has an error in it, which is a normal part of scientific data collection. During the 
summer months, you can see that the snow depth never goes all the way down to zero. This is 
partly because of the way the instrument detects snow (by sending sound waves from the 
tower down to the ground and measuring the response time) and partly because the 
instrument experienced “drift,” where the instrument loses accuracy over time. The instrument 
was recalibrated in August. Corrections for these kinds of calibration drifts are often necessary, 
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and this is a good example of real-world decisions scientists have to make when looking at data. 

There is a spike of snow depth in late July. To confirm if this is real, other factors need to be 
considered. In Activity 3, you will look at albedo along with snow depth. But to keep things 
simple for now, we can safely say that there are no other indications that it snowed in July.  
Given all of that, question 6 on the worksheet asks you to estimate the snow-free season in 
Eureka in 2010.  

1. What does the x-axis show?  

2. What does the y-axis show? What are the units?  

3. Draw a vertical line on the graph at the following dates: 

First day of spring​
First day of summer​
First day of autumn​
First day of winter 

4. When was the greatest snow depth during the year? How deep was the snow?  

5. Convert the value from millimeters to feet and inches so that you can better relate to the 
depth of the snow.  

1 foot = 305 mm 

6. Note that the snow depth never reads zero, but instead the data “wiggles” around between 
15-30 mm of snow. Upon analyzing the data and recalibrating the instrument, the scientists 
working on this project realized that these were erroneous readings from the instrument. (See 
the data analysis tips for more details.)  

Given that, what is your best estimate of when the snow-free season was in Eureka? 

 

For Teachers: Further notes about snow depth 

The inconsistencies in the summer snow depth data are an important part of the scientific 
process. Sometimes, data does not seem to make sense. Scientists need to work to understand 
if there is an unexpected process at work, if the instruments are malfunctioning, or what other 
cause might underlie the unexpected data. 

The curriculum development team asked the scientific research team about the irregularities in 
the summer snow depth. Their answer is below. 
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The snow depth measurement at Eureka is made by a Campbell Scientific SR50 Ultrasonic range 
finder.  It uses the speed of sound to measure the distance between the sensor and the surface, 
be it soil or snow.  Because the speed of sound is partly dependent on temperature, this 
measurement is corrected for temperature. The accuracy of the Campbell Scientific Sonic Snow 
Depth Gauge is +/- 1 cm or 0.4% of the reading.  Hence, little "wiggles" in the data that fall 
within this range may not be related to any physical event. 

In converting the electrical signal to distance, there are a couple of calibration coefficients, 
which are typically set in the factory and also adjusted when the instrument is serviced.  
Unfortunately, we have noticed that the calibrations for this instrument tend to drift with time, 
and most likely the servicing and latest calibration adjustment were done the previous summer 
(typically August).  Hence, by the following summer, the calibration had often drifted.  There are 
very few melt-offs as measured by this instrument, that go exactly to zero.  Some are slightly 
positive by a few cms, such as this case, and some are negative.  Corrections for these kinds of 
calibration drifts are often necessary, and this is a good example of real-world decisions 
scientists have to make when looking at the data.   

To correct for this problem, we would need some independent information.  I would look at the 
albedo measurements and identify the hour that the albedo reaches a value typical of soil (wet 
soil, of about 0.10.  I would also verify what the "snow depth" measurement was the previous 
autumn, just before the albedo increased above a dry-soil value (about 0.15) (the first snowfall 
will rapidly increase the albedo to 0.50 or higher, depending on the amount).  This autumn snow 
depth should have been zero.  Our best estimate for the snow depth measurement through the 
winter is then obtained by linearly interpolating in time the drift of the instrument between the 
previous autumn and the summer onset, and subtracting this value from the actual 
measurements.  Your graph suggests that it would be a correction of no more than about 2 cm. 

Furthermore, students may find it surprising that the snow depth is so small. The scientists 
responded to this question as well. 

Eureka's location in a u-shaped valley seems to reduce the precipitation there.  Clouds are often 
seen to have a thin spot or even be broken over Eureka while the surrounding mountains are 
heavily enveloped, suggesting downward motion and hence less cloud and precipitation 
production.  The Arctic bush pilots (at least the one I flew with) refer to Eureka as the "Garden 
spot of the North", because they can generally depend on being able to land there while 
weather makes it impossible at other locations.  I have done a comparison of conditions at 
Eureka and Alert, which are both on Ellesmere Island and about 500 km apart, and there is 
typically much more snow at Alert (2-3X).  Snow typically disappears earlier at Eureka and 
summer temperatures are a bit warmer. 

Also, note, however, that many locations in the Arctic are deserts.  The amount of precipitation 
is quite small.  That is because at these cold temperatures, the absolute humidity is quite small 
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(the saturation water vapor pressure -- given by the Clausius-Clapyron equation-- increases 
exponentially with temperature, so it is very low at very cold temperatures).  For instance, over 
the sea ice away from any effects of topography, snow depths are believed to be ~ 30 cm at the 
end of winter (e.g., SHEBA).  Hence, the value at Eureka is not atypical for Arctic regions away 
from topography (though the year you chose to look at seems to have more snow at Eureka 
than most years -- some have only ~ 10 cm).  The values at Alert show the effect of topography 
on producing more lifting and more precipitation. 

 
Research Group D – Incoming shortwave radiation 

 

 
 

 

About the Data: 

Energy from the Sun reaches Earth as visible light and ultraviolet radiation. These 
electromagnetic waves have a short wavelength. Some of this inbound energy is reflected or 
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absorbed by the atmosphere, and some makes it all the way to Earth’s surface. The amount of 
incoming solar energy varies by:  

Season - Due to the tilt of Earth’s axis, more solar energy falls on parts of the Earth that 
are tilted toward the Sun (this is the definition of summer).  

Latitude - More solar energy reaches tropical latitudes compared to the poles.  

Weather - Clouds tend to reflect the incoming radiation so that less of it reaches the 
ground.  

Time of day - Solar radiation only hits parts of the Earth that are facing the Sun. Thus, 
there is no incoming shortwave radiation at night, while that part of the Earth is facing 
away from the Sun. 

Once shortwave radiation hits the surface of the Earth, some of it bounces off, and some of it 
gets absorbed by the surface of the Earth, which warms the surface. Energy in the form of 
longwave radiation is then re-emitted from the warmed surface. The Earth then radiates much 
of this longwave radiation back out to space. (Incidentally, the ability of the atmosphere to 
capture and retain some of this longwave radiation is called the Greenhouse Effect.) 

Analysis tip:  

This data is the average daily incoming shortwave radiation from readings taken every minute 
and then averaged together to give one reading for the day. This means that the highest 
incoming solar energy for the day was greater than this value, and the lowest incoming solar 
energy was lower than this value. This graph is for data collected in 2010. 

There was a period from August 4-8 when data was not collected. This is shown as a gap in the 
line on the graph. 

Examine the graph of incoming shortwave radiation. Note that the value for each day is an 
average throughout the day, with readings taken every hour and then averaged. 

1. What does the x-axis show?  

2. What does the y-axis show? What are the units?  

3. Draw a vertical line on the graph at the following dates: 

First day of spring​
First day of summer​
First day of autumn​
First day of winter 
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4. What does downward short-wave radiation mean anyway? What is meant by the units of 
watts per square meter? Explain these concepts in your own words. 

 

5. What was the greatest amount of incoming radiation?  

 

6. On what date did the maximum incoming radiation occur?  

 

7. Why is there zero incoming radiation for a large part of the year? 

 

 

Find more curriculum here:  
https://ceee.colorado.edu/lesson/arctic-climate-connections  
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