
Grade level: 4 to 12

Subjects: Science, math

Target skill: Observation, Measurement, Predication

Duration: 45 minutes in classroom, 45 minutes at field site

Setting: Classroom or afterschool club

ENDURING UNDERSTANDING: 
• Ice is important for people and animals.

• Weather tells us what to expect for ice and snow.

• Ice and snow change through the winter.

• Ice is changing through the years and our observations 
help make better predictions for the future.

ESSENTIAL QUESTION:
• How do we monitor changes in ice thickness and why is it 

important?

Let’s do Ice Science!  
Making first ice thickness field measurements

Next Generation and Alaska Science 
Standards Themes:
• Practices- asking questions, planning and 

carrying out investigations, constructing 
explanations, communicating information

• Cross-cutting concepts- energy & matter, cause 
& effect, stability & change, systems

• Disciplinary core ideas- PS1 Matter and its 
interactions; LS2 Ecosystems

Culturally-Responsive Curriculum Standards:
A5. Provides opportunities for students to study 
all subjects starting from a base in the local 
knowledge system
E1-3. Situates local knowledge and actions in a 
global context

Climate Literacy Principles: 
5A The behavior of an environmental system can 
be understood and predicted through careful, 
systematic study. 
3C Observations, experiments, and theory 
are used to construct and refine models 
that represent the climate system and make 
predictions.  
7E Climate change will influence the distribution of 
plants & animals 

Fresh Eyes on Ice
LESSON PLAN 
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MATERIALS:
• Fresh Eyes on Ice field kit with snow and ice thickness measurement tools pulled 

out (ice auger, auger extensions, shovel, data notebook, camera) for exploration in 
the classroom, and the whole safety and ice and snow measurement kit for outdoor 
field work 

• FEI ice monitoring video

• KWL Activity Sheet
• Fresh Eyes on Ice data entry form at fresheyesonice.com

For optional stations if managing a large group of students in the field: 
• Underwater camera or drone (if available)
• Clipboards and pencils
• Ice Detectives activity sheet

LESSON OVERVIEW:
This lesson prepares students for their first visit to their field site to measure 
ice and snow thickness. It is a three part activity consisting of 1) in-class 
engagement to remind students of what they already know and wonder about 
ice, 2) preparation for safe ice monitoring using the tools and protocols of the 
Fresh Eyes on Ice Program, and 3) your class’ first trip to your field site. Students 
will review and discuss what they have learned about ice from previous 
activities (“My Ice Story,” “Mapping a Story of Changing Ice Conditions,” and 
“Welcoming an Elder into Your Classroom”). Students will then be invited to 
brainstorm other evidence they can collect through observation in order to 
establish the importance of ice to people and animals and to document how 

Students from Napaaqtugmiut School in Noatak Alaska monitor snow and 
ice thickness in the field as a part of the Fresh Eyes on Ice Project. 



Notes

3

ice is changing. Students will make predictions about ice and snow conditions 
based on recent weather patterns and compare their predictions to their 
observations. Students will spend time handling ice monitoring tools in order 
to understand how these items can be used to safely collect data. Students 
will watch the FEI ice safety and monitoring videos and make a plan for how 
they will organize themselves to collect data at their field site. Finally, students 
will visit their field site and collect and record observations using a variety 
of observing tools in order to address the overall questions regarding the 
importance of ice and how it is changing.

Students must complete the “Practicing Ice Safety”  lesson prior to going out 
on the ice to establish expectations of the students for physical and emotional 
safety. Adults will have needed to complete the ice safety assessment prior 
to bringing students to the ice using the Fresh Eyes on ice safety assessment 
protocol. 

TEACHER BACKGROUND

The thickness of ice on rivers and lakes 
generally follows winter air temperatures. 
This is true over the long-term in Alaska 
where we’ve noticed ice is thinner and 
thinner as winters tend to be warmer and 
warmer as the climate changes. The same 
is true through the winter season. As air 
temperatures drop below freezing, ice 
forms and grows thicker and thicker with 
the highest growth rates on very cold days 
when the ice is thin. Snow changes this 
relationship more complicated because it can 
insulate the ice from cold air temperatures 
and slow its growth. Sometimes however 
snow can be heavy enough to push the ice 
down and flood its surface with water (called 
overflow), which then refreezes and makes 
the ice thicker. This added complexity makes 
predicting ice thickness more challenging 
and fun! It also explains why we like to 
measure snow depth and ice thickness at 
the same time during each field visit to your 
nearby lake, slough, or river.

In some places, the ice thickness has thinned in recent years. For example, 
the graph to the right shows data from a lake on the Barrow Peninsula. The 
thickness varies from year to year, but has shown a pattern of thinning over 
the past two decades. Ice and its thickness are important for understanding 
winter weather and climate change, safety during travel and recreation, and 
habitat for animals above and below its surface. It was presents a fun, hands-
on (or gloves and mittens-on!) way for students to learn about physics, math, 
and science process skills like predictions, measurement, posing questions, 

This graph from FEI scientist Chris’ work shows actual measurements of ice 
thickness on a lake on the Barrow Peninsula (blue dots) and the thickness 
simulated by a mathematical model that was made using these data and 
climate data (light blue line). Ice thickness can vary year to year and is 
influenced most prominently  by snow cover and air temperature.
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and analyzing data. Taking the time to allow students to consider the basic 
phenomena of ice growth or thickening and how it relates to air temperature 
and snow can give them a framework to make guesses or predictions before 
going outside to collect data. This is essentially a hypothesis that they can test 
in the field. 

ADVANCED PREPARATION:
1. If possible, we encourage you and your community ice expert to do a brief 

scouting visit prior to your field site without your students. Scouting the 
day before or the morning of is best in order to anticipate and prepare for 
any challenges associated with weather or other hazards. (You may decide 
to reschedule if conditions don’t allow for easy monitoring.) Perform the 
ice safety assessment using the protocol provided on the Fresh Eyes on Ice 
website to ensure that the site is safe to walk on. 

2. Re-familiarize yourself with all of the items in the FEI ice monitoring kit. 
Practice using the gear and tools in the classroom or at your site so that you 
feel comfortable guiding your students as they encounter the items in the kit 
for the first time.

ACTIVITY PROCEDURE:
Engage

The in-class portion of this activity can be 
organized in a variety of ways depending on 
your group size, age group, and the time you 
have available. The goal is to create a KWL (what I 
know, what I want to learn, what I learned) chart 
describing why ice is important and how ice is 
changing. Filling out the KWL chart will provide 
bookends for engagement and reflection around 
your visit to the field site.

1. If you have a large class, one option to get 
all of your students moving and talking is to host 
a Scientist Party. Have your students imagine they 
are at a party with other scientists, eating and 
talking, as scientists do, about science. Students 
mingle by moving around the room in the style of 
the “mix-pair-share” cooperative learning strategy. 
When you yell “FREEZE” or “FREEZE like ice!” each 
student turns to their nearest neighbor to discuss 
a question prompt that probes what students 
have learned from the combination of their ice 
stories, personal maps of changing ice, and stories 
shared by an Elder. As students summarize their 

conversation and share with the larger group, add these to the K (what we 
know) column of your KWL chart. You might ask the scientists questions like, 
“What’s one thing that you now know about ice and how did you come to 
know it?” or “Do you have an idea about how ice changes and what’s your 

A student and FEI scientist Laura share what they know 
and what they want to learn during an “Ice scientist party” 
mix-pair -share activity.
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evidence for that idea?” or “What do you do to determine whether ice is 
safe?” or “How do you think our observations of ice can help?”

Alternatively, if you have a smaller group or wish to keep the energy level 
lower, you might take 10 minutes to review the drawings from the Mapping 
a Story of Change activity to reestablish why ice is important and how ice 
is changing. As students look at other students’ drawings, have them share 
their observations with the group and add these to the “What we know” 
column of your KWL chart. 

Remind your students that, as scientists, we make predictions or 
hypotheses that we then test through observation to build understanding 
about the world around us. Encourage your students to make predictions 
about ice and snow thickness and to provide explanations for their 
predictions. As students share their predictions and reasoning, have your 
students turn and talk to their neighbor to brainstorm how weather might 
affect ice and snow conditions and to discuss their observations of recent 
weather events. 

2. Next, allow your students to brainstorm questions they are still curious 
about related to why ice is important and how it is changing. Perhaps these 
are questions that were inspired by stories an Elder shared or questions that 
came up during the scientist party. Record these in the W or “What I want 
to learn” column of your KWL chart. Record all questions and curiosities 
even if they do not relate directly to the overarching questions of why is ice 
important and how is it changing. 

3. Now probe more deeply. Remind your students that, as observers, they 
must look and listen closely. Challenge students to identify evidence 
they could collect to provide more support for their claims. For example, 
students may establish that ice is important because animals use the rivers 
or lakes for winter travel. Perhaps one student had a story about seeing a 
fox on the lake one day. Have your students brainstorm what additional 
evidence they could collect and how they could collect it in order to 
support their claim. Examples might include looking for animal sign (scat, 

FEI scientist Katie 
reviews what 
students shared 
in the mix-pair-
share for what 
they know (the “K” 
in the KWL chart)
about ice and why 
they think ice is 
important.



tracks, hair, browsed plants) on the frozen river or lake, or analyzing photographs from cameras set up at a 
site. (You might probe further- How often would we need our camera to take photographs to collect enough 
evidence of habitat use by animals? What about setting up a game camera that is motion sensitive? Would 
this be a better tool to collect that particular evidence?) Remind your students that, often, scientists have to 
create the data collection tool for their specific purpose because it doesn’t exist yet! Allow your students to get 
creative. Another example might be that students may establish that ice is changing because they’ve observed 
that it grows and gets thicker throughout the winter. Invite the students to brainstorm evidence they could 
collect to show that ice is getting thicker. What tools might you use to collect this data?

Explore
The second part of the three part activity is to invite your students to explore the tools and technologies they’ll be 
using to safely monitor ice. 

4.  Now that your students are thinking about using observational tools to collect evidence to better understand 
ice, give them time to explore the tools provided by FEI to monitor ice thickness and snow depth. Spread out the 
tools so that small groups of students can explore one or two items from the kit. Without giving them specific 
guidance (unless safety concerns necessitate it), invite each group of students to work together to figure out how 
the particular tool might be used either for ice safety or for ice data collection. Encourage students to pick up the 
tools, to draw the tools, or to act out how they might use the tool. If it’s safe (and age appropriate), invite students 
to carefully take a tool apart and reassemble it. As they explore, walk around and ask group members to share 
their ideas about how this tool might work and how it can help them as environmental observers. Provide input 
but allow your students to guide the discussion. 

Explain 
5. Depending on the size of your group, your available time, and the number of supervising adults present, use 

jigsaw cooperative learning strategy where each group of students teaches their peers about their group’s 
particular tool, demonstrates how it might be used outside, and fields questions from peers. Alternatively, you 
could invite all students to rotate through different tool stations in small groups to examine all the tools. It’s 

FEI scientist Chris gathers student ideas on the uses of the different tools in the FEI ice 
and snow measurement supply kit. 



important that students have the opportunity to handle 
the tools in the kit and to practice using them before 
taking your ice kit outside so that they are empowered 
users of the tools when you visit your field site.  

6.  To prepare your students for going out to your field site, 
have your students review what was discussed during 
the safety lesson and watch the ice monitoring protocol 
video. You might stage a reenactment indoors or ask your 
students several questions to emphasize important points 
about ice safety and monitoring that you’d like them to be 
mindful of. Double check the ice kit to make sure all the 
necessary supplies are inside, and double check the winter 
outdoor gear of each student to insure no cold-related 
injuries occur.  

7. It can be useful to assign roles for each student to 
complete the tasks for monitoring the snow and ice once 
they are outside. For example, one student can be the 
snow shoveler, one the snow depth measurer, one the 
data recorder, one the ice driller, and one the ice thickness 
measurer.  As you prepare to go outside, remind your 
students that this is an opportunity for them to get to 
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Assigning student roles on the science team can help with classroom management on the ice. FEI scientist 
Allen helps a group complete their tasks of snow depth measurer, snow shoveler, data recorder, ice driller, ice 
thickness measurer, photographer, safety lookout, etc.

Fresh Eyes on Ice 
Supplies Kit Checklist

 ☐ Snow shovel
 ☐ Snow depth probe (or meter stick)
 ☐ Ice auger (two auger flights, a blade 

cover and hand drill are included in the 
kit, but an electric drill may also be used)

 ☐ Ice thickness gauge
 ☐ Data notebook
 ☐ Pencil
 ☐ Kit Bag
 ☐ Sled (Optional)
 ☐ Camera (Optional)
 ☐ Snow Water Equivalent (SWE) Tube 

(optional)
 ☐ Electrical tape & gallon ziplock 

(optional for SWE sampling)



know their field site and collect data that helps address some of their questions 
about why ice is important and how it is changing. 

Explore (outside) 
8. Today, and at least once a month until the spring, your team will be measuring 

snow and ice thickness at your river or lake site using the Fresh Eyes on Ice 
protocol.  The complete protocol is provided with examples at the end of this 
lesson and the protocol demonstration video are located on the Fresh Eyes on 
Ice website

9. Depending on your group size and the number of supervising adults available 
to join you and your students, you can set up 3-5 stations at your field site 
for students and have students rotate through stations in small groups. 
Alternatively, you and your students could go out multiple short trips to the 
field site in between your monthly monitoring visits and use these station 
ideas as supplementary learning activities. 
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8

Additional Optional Station Ideas:

 Snow and Ice Thickness Measurement
• Small groups of students will follow the Fresh Eyes on Ice protocol found at the end 

of this lesson. The first group will make the first set of snow depth and ice thickness 
measurements, and subsequent groups will make the second and third holes.

Ice Detectives & Ecosystem Observations
• Students will investigate how ice corridors are used by animals and people in this 

mini-lesson. Have the students take a walk along the ice. What evidence is there 
that animals and people are using the ice? Hunt for clues like tracks, animal browse 
on twigs, scat, bird calls, etc. Have the students draw or write about what they saw 
on the attached “Ice Detectives” activity sheet. Have the student then take a short 
walk up from the ice into the forest or tundra. What evidence of animals do they 
see on their walk now? Draw or write the observations on the activity sheet. Discuss 
how the similarities and differences between the evidence of animals in the two 
places and the value of ice to animals and people.  

Under ice camera or drone (UAV) flights
• If you have an underwater camera or drone from your Fresh Eyes on Ice 

participation or other projects, these “techie” tools can provide another method 
for gathering information on the composition of the ice or the landscape from 
above. Have students take turns recording observations of bubbles in the ice, 
the lake or river bed, or living organisms under the ice if you have access to an 
underwater camera. If you have access to a drone, encourage the students to make 
observations of changes in the landscape as you move from the water body toward 
land. Were there any changes in the ice, snow or vegetation? Make a map of the 
area using the aerial imagery.

“I felt like a scientist when…” Photo Challenge
• Have your students take a picture or record a short video that illustrates a moment 

when they felt like a scientist on the ice today. Prompts may include: When did you 
feel like a scientist today? What was it about that moment that made you feel like 
that? 



Elaborate (back inside)
10. Back in the classroom, review the data as a class or group and enter the data into 

the data entry form on the Fresh Eyes on Ice website. Encourage your students to 
revisit their predictions. How do our predictions compare to our measurements? 
How do you think the recent weather or weather over the whole winter 
influenced our observations in the different field stations? What other factors 
could have influenced the ice and snow thickness?

11. Revisit the KWL chart. What should you and your students add to the L (what 
I learned) column? Challenge your students to reflect on all aspects of the 
experience- observations from the field site, the evidence and data they collected, 
the safety gear and tools. Have each student reflect on their “L” and write it in their 
science notebooks or discuss it with a shoulder partner.

12. Compile the photos students took of a moment when they felt like a scientist. 
If time allows, you might show a slide show and invite students to share a 
short description of what they photographed and why they felt like a scientist. 
Alternatively, you could have students write a caption to their photo or a written 
reflection in a science notebook describing a moment when they felt like a 
scientist. 

Evaluate
• Student learning assessment artifacts for this lesson may include: journal 

entries from the KWL chart, data collected, engagement during the outdoor 
data collection and station rotations, recorded observations on the ice 
detectives activity sheet, and self-reflections on the photo of the time they felt 
like a scientist. 
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Names __________________________

                       Ice Detectives & 
                          Ecosystem Observation    

Explore:
1. Take a walk along the ice. What evidence is there that animals and people are using the ice? 
Hunt for clues like tracks, animal browse on twigs, scat, bird calls, etc. Draw the evidence that 
you see of animals and people along your ice path.

 

2. Take a in the forest. Draw the evidence that you see of animals and people along your 
forest path. 

3. Do animals and people seem to have different uses and relationships with the two 
habitats? Use your evidence to explain your answer on the back of this page.



Fresh Eyes On Ice
Measurement Protocol for
Ice and Snow on Lakes and Rivers 

Purpose
These measurement protocols are designed for long-term monitoring of fresh-
water ice and snow-on-ice thickness in your community. The protocols are 
inspired by the former University of Alaska Fairbanks (UAF) Alaska Lake Ice and 
Snow Onbservatory Network (ALISON) project and offer a simple, accurate way 
to make snow and ice observations for different applications, including safety 
during winter travel and recreation and local and regional science in collabora-
tion with UAF. Thank you for being a part of the Fresh Eyes on Ice Project! 

Students from Napaaqtugmiut School in Noatak Alaska monitor snow and ice 
thickness in the field as a part of the Fresh Eyes on Ice Project. 

Site Selection
Work with the UAF Fresh Eyes on Ice team, your local community leaders, and 
school administrators to determine an appropriate location for your site on a 
nearby freshwater lake, river, slough or pond. The site should be relatively easy 
for you and your students to get to at least once a month, and have safe access 
to the ice.



Preparation Before Each Site Visit
• Ensure the ice safety training has already been completed at your site by all 

members of your team, including teacher, youth, adult volunteers or commu-
nity scientist each season prior to starting ice observations. Review the Fresh 
Eyes On Ice Safety Assessment Protocol and complete the ice safety lesson 
plan with students.  

• One or two days prior to youth visiting the site, send a team of two adults to 
complete the ice safety assessment of the site, as per the UAF safety and risk 
management recommendations. 

• Check that all equipment in ice observation kit is available and working. These 
include shovel, ice auger and bit, auger handle, ice gauge, snow depth probe, 
field book and pencil, and camera. Bringing a sled or tarp to place equipment 
on is helpful. A Snow Water Equivalent (SWE) is an optional measurement you 
may make that is measure of the snow density and water content. A SWE tube 
and some gallon zip-lock bags are included in the kits. 

• Check that all participating students have appropriate clothing for an hour or 
more outside including waterproof boots and warm glove / mittens, coats, 
and hats. Hand and foot warmers are useful to have available for students. 

• Discuss major task, roles, and sharing of tasks before departing for the field 
site. Tasks could include: Data Recorder, Photographer, Snow Shoveler, Snow 
Density Team (2-3 students), Sampling Location Coordinator, Ice Drilling Team 
(2-3 students to drill hole, measure ice thickness and record snow depth). 
These field roles can be alternated among students in larger classes in order 
to drill a minimum of three holes in the ice. 

At Your Ice Monitoring Site
Each month you will be recording three ice thickness and snow depth measure-
ments, and collecting an optional snow water equivalent (SWE) sample, with the 
goal of keeping the site relative un-trampled for future measurements. Here is the 
approach:
1. Walk in single file about 10-20 meters (33 

– 67 feet) onto the ice with adult in lead. 
Use a single path each time you go out on 
the ice to minimize trampling of the snow. 
The trail can be cleared with a shovel so 
the route can be seen better during future 
visits. 

2. On your first visit, make the trail part of 
the way out onto the lake or river.  Each 
date you visit the site, travel further on 
the path, starting at the same access point 
each time (star on the diagram) in a single 
file line to get to a new undisturbed sam-
pling spot for the month. 

3. Identify three locations spaced to the side 
(about 5 – 10 m or 16 to 33 ft) of the trail 
(see below diagram). Clear the snow from 
a 1 x 1 m (about 3 x 3 ft) area around 
each location. 

Example lake with single path travelled on that is extended 
each month. Each month, three sampling locations are 
cleared and snow depth and ice thickness measurements 
are taken at each location. 



4. Measure the snow depth at 
three locations around each of 
the three cleared areas. Be-
cause snow depth can vary, we 
are aiming for a representative 
measurement to go along with 
each of the ice thickness mea-
surements.  Select the middle 
value of the three depths for 
each of the three cleared areas 
and record them to the nearest 
centimeter in your data book. 

5. Carefully assemble the auger 
and drill a hole through the ice 
in each of the cleared locations. 
You may use a hand auger or 
a cordless electric drill for this 
process.

6. At each of the three locations, 
measure depth of the water 
body (optional) and ice thick-
ness with the ice gauge to the 
nearest centimeter and record 
these values in the data note-
book. To do this, open up the 
metal end of the gauge  and 
lower it into the hole. Gently 
reel out the measuring tape 
until the metal piece hits the 
bottom of the lake or river for 
the depth of the water body, 
and reel it up until the metal 
piece snags on the bottom of 
the ice for the ice thickness 
measurement. Jerk the gauge 
until it pops shut and reel it up 
to the surface.



7.  For the measurements in the example above, the page in your data note-
book might look like this:

Site: Third Lake
Date: Jan 6, 2021
Sampling 
location

Snow depth Ice thickness  Depth to bottom

1 30 cm 80 cm 3.39 m
2 35 cm 83 cm 2.89 m
3 32 cm 81 cm 3.05 m

9. An optional snow water equivalent (SWE) or snow density sample may be 
collected next to one of the three snow pits by pushing the clear SWE tube 
(smallest numbers down and without caps) through an undisturbed section 
of the snow to the ice surface. Record the depth and volume of the snow on 
indicated on the outside of the tube in your data notebook. 

10. Carefully dig around half of the tube. Gently slide the shovel under the 
base, cap and tighten the top, tip the tube upside down (with the shovel still 
over the tube bottom), and cap the bottom tight. If snow is spilled, just re-
peat the collection nearby. 

Example set of measurements 

taken at the three sampling locations 

each month.  

Placing the snow water tube in undisturbed snow. Carefully digging around the tube to remove a sample.



Snow sample melting indoors to          
determine snow water & density. 
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11. If the snow is deeper than the tube (>60 cm), record this in your data book 
with the full snowpack depth. To collect a sample of the full snow profile, 
very gently push the tube down (both caps removed) and gradually collect 
the snow that comes out the top and scoop it into a gallon ziplock bag. Col-
lect a few inches of snow at a time as you slowly push the tube down, until 
you have hit the ice surface. Seal the ziplock well, and cap the bottom 60 cm 
of snow in the tube. 

12. Make sure everyone is staying warm, is getting a turn to participate, and 
taking notes and photographs are completed.

13. Return to the shore by the same route and return to class.

Back Indoors

14. Back indoors, wrap electrical tape (red tape provided in the kits) around the 
bottom cap of the SWE tube to prevent the water from leaking. Place the 
snow tube somewhere to dry and melt. 

15. Record the observations in a computer spreadsheet and save the data. Then 
enter the same data in the Fresh Eyes on Ice data portal to view the results 
in a graph and share the results with other scientists. http://fresheyesonice.
org/community-scientists-educators/

16. Download photographs from the camera, save these, and upload any pic-
tures to the Fresh Eyes on Ice data portal that you want to share.

17. Once the snow completely melts in the snow density tube. Record the 
depth of the water in the tube and record it in both your notebook, on 
a computer spreadsheet and on the online data entry form. Snow water 
equivalent (SWE) is the depth of liquid water and snow density is approxi-
mated as the ratio of melt-water to snow, which can also be recorded with 
units of grams per cubic centimeter. 

18. Open the ice and snow kit bag for the equipment to dry and charge the 
camera for your next outing.

Congratulations! You have contributed to improving the understanding 
changing ice conditions in Alaska!

Notes
• Ice teams are encouraged to take additional measurements if time, interest, 

and weather permits. For example, taking ice thickness and snow depth 
measurements next to the Ice-Snow-Water Buoy will help calibrate its data. 
Taking measurements on trails, provides a good example of snow insulates 
ice growth and how snow compaction can be used to grow ice thicker for 
safer travel. These additional data should be recorded in field books with 
special notes about the location and conditions and also recorded in the 
computer spreadsheet. These extra measurement should not be added to 
the online forms.

• The snow depth and snow water equivalent measurements are compatible 
with the GLOBE protocols, and these data will be entered on your behalf by 
the Fresh Eyes on Ice team. GLOBE is NASA’s youth-centered environmen-
tal monitoring program that is used to contribute data to and help validate 
NASA’s Earth Observing Missions. Learn more at GLOBE.gov.

• Visit the Fresh Eyes on Ice Website for up to date information on the project 
results, lesson plans, videos, social media, and more: fresheyesonice.org.


