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The Arctic is Melting — So What?
Featured scientists: James Screen from University of Exeter, Clara Deser from National Center
for Atmospheric Research, and Lantao Sun from University of Colorado at Boulder.
Co-produced with Science Journal for Kids. Written by Erin Conlisk.

Research Background:

Think of the North Pole as one big
ice cube D a vast sheet of ice, only
a few meters thick, floating over the
Arctic Ocean. Historically, the
amount of Arctic sea ice would be at
a maximum in March. The cold
temperatures over the long winter
cause the ocean water to freeze
and ice to accumulate. By
September, the warm summer
temperatures cause about 60% of P ; I
the sea ice to melt every year. With A view of sea ice in the Artic Ocean.
global warming, more sea ice is

melting than ever before. If more ice melts in the summer than is formed in the winter,
the Arctic Ocean will become ice-free, and would change the Earth as we know it.

This loss of sea ice can have huge impacts on Arctic species and can also affect
climate around the globe. For example, polar bears stand on the sea ice when they
hunt. Without this platform they canOt catch their pey, leading to increased starvation.
Beyond the Arctic, loss of sea ice can change the climate around the globe through the
albedo effect (or the amount of incoming solar radiation that is reflected by a surface).
Because ice is so white, it has high albedo and reflects a lot of the sunlight that hits it
and keeps the earth cooler. IceOs high albedo is why it seems so bright when the sun
reflects off snow. When the ice melts and is replaced by water, which has a much lower
albedo, more sunlight is absorbed by the earthOs surface and temperatures go up.

Scientists wanted to know whether the loss of sea ice and decreased albedo could
affect extreme weather in the northern hemisphere. Extreme weather events are short-
term atmospheric conditions that have been historically uncommon, like a very cold
winter or a summer with a lot of rain. Extreme weather has important impacts on
humans and nature. For example, for humans, extreme cold requires greater energy
use to heat our homes and clear our roads, often increasing the use of fossil fuels. For
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wildlife, extreme cold could require changes in
behavior, like needing to find more food, build
better shelters, or move to warmer locations.

To make predictions about how the climate
might change in the coming decades to
centuries, scientists use climate models.
Models are representations, often
simplifications, of a structure or system used to
make predictions. Climate models are incredibly
complex. For example, climate models must
describe, through mathematical equations, how
water that evaporates in one region is
transferred through the atmosphere to another
region, potentially hundreds of miles away, and
falls to the ground as precipitation.

James is a climate scientist who, along with his
colleagues, wondered how the loss of arctic sea
ice would affect climates around the globe. He
used two well-established climate models D (1)
the UKOs lddley Centre model and (2) the USOs
National Center for Atmospheric Research

model. These models have been used previously

Name

e

Releasing a weather balloon to collect
data for climate models.

to predict how much sea ice to expect in 2100. The climate models are not described in
detail here because it would take thousands of pages!

Teacher Note: The International Panel on Climate Change (IPCC) is a scientific body set up
by the members of the United Nations to explore the potential speed of climate change and
its impacts. The two models described above were used previously (as part of the fifth IPCC
report) to predict how much sea ice we expect in 2100. We do not describe the climate
models in detail in this activity; however, if you and your students want to learn more about
climate models, check out @ BeginnerOs Guide to Climate Model€by Rubenstein.

¥ http://blogs.ei.columbia.edu/2010/08/26/a-beginners-guide-to-climate-models/

Check for Understanding: After reading the introduction, students should be able to:

¥ Describe how the loss of ice in the Arctic would have both local and global effects.

¥ Explain the albedo effect and why it is important. Will the albedo in the Arctic increase
or decrease if there is less sea ice? How would this affect climate?

¥ List some examples of extreme weather where you live or that you have heard of in the
news. What are some of the consequences of these events?

¥ Answer the question, how do climate scientists make predictions about what will
happen because of global warming and climate change?
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Scientific Question: Based on these climate models, how will the projected decrease in
Arctic sea ice levels affect climate around the world?

What is the hypothesis? Find the hypothesis in the Research Background and underline
it. A hypothesis is a proposed explanation for an observation, which can then be tested
with experimentation or other types of studies.

Scientific Data:

Climate models function like an experimental system, predicting future extreme weather
under two GreatmentsOthe current sea ice levels (control) versus the reduced sea ice
coverage predicted for 2100 (treatment). James and his collaborators ran the two
models varying only the starting conditions of how much sea ice was present. For both
the current and reduced sea ice coverage, the computer calculated an answer to a
complex series of equations that describes the climate in future years. The results of the
calculations are shown in the figure below.

The scientists expected that changing the amount of sea ice in the Arctic would impact
weather around the globe, with different changes in different parts of the world. They
expected that, compared to the control, the treatment models with reduced sea ice
would have more extreme weather.

To figure out if weather is considered extreme you need to look to the past. To define
extremely warm and cold days, take all the observed temperature values for a particular
day of year and rank them from warmest to coldest. The 10th percentile reflects the
temperature value where 10% of all the temperature values fall below that value.
Because only a few observations are colder than the 10th percentile (specifically, only 1
in 10 days), we define it to be a OcoldO daysimilarly, the 90th percentile reflects the
temperature value where 90% of all the temperature values fall below that value. A day
that was historically hotter than 90% of all other days is thus defined as a OwarmO day.

From both the control and treatment climate models, scientists collected four pieces of
data:
1. Warm days: Percent (%) of days when the maximum temperature is greater than
the 90th percentile of historic temperatures
2. Cold days: Percent (%) of days when the maximum temperature is less than the
10th percentile of historic temperatures
3. Wet days: Number of days per years when daily precipitation is greater than 1 cm
4. Dry days: Number of days per years when there is no precipitation

They then took this data and compared the results of the control and treatment models,
looking for differences between the two. The scientists separated the data out into
different parts of the globe because they expected that the effect of sea ice on extreme
weather would vary by location.
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Teacher Note: One important concept, whether it is discussed here or elsewhere, is that
extreme weather can result from changes in the average value of temperature (or
precipitation) or changes in the variability. With climate change, we expect the average
temperature to increase at a given location on a given day. As the average temperature
rises, then a larger fraction of days will be warmer than the historic average B hence greater
extreme weather. Another way that extreme weather could increase is through greater
variability among days. For example, the 50th percentile (or the average) could stay the
same but the very highest temperatures and the very lowest temperatures could increase
(the data range). Thus, there are two ways to think about how the climate is changing:
averages could change and variability could change.

Use the model results below to answer the scientific question:
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What data will you use to answer the question?

Independent variable: Treatment (reduced sea ice) model
predictions, relative to control model predictions

Dependent variables: Four measures of extreme weather
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Check for Understanding: After reading about climate models and looking at the model
results, students should be able to:

Describe the OcontrolO and the OtreatmentO in this study. What was different between
these models? (the amount of sea ice) What was the same? (all other initial conditions)
How do climate models help climate scientists, like James, test what might happent o
weather and climate in the future?

Describe how the scientists decided if an event was OextremeO. What is a percentile and
how are they calculated?

By definition, what percent of days are cooler than the Owarm daysO? (Answer: 90%)

In the figure, what d oes each arrow represent? What does it mean to have more warm
days? Where did this data come from and what comparison was made get these

arrows?

Interpret the model results:

What is the effect of decreased Arctic sea ice on different regions of the globe?
Complete the table below with your extreme weather observations.

Extreme Weather | Observations

"

Cold | see that in Alaska and West Canada, Greenland
o and East Canada, Scandinavia, the Eastern US,
days | and Siberia the number of cold days decreased.

W | see that the number of warm days increased in
arm | alaska and West Canada, Greenland and East
days | canada, Scandinavia and Siberia.

Wet The number of wet days increased in Alaska and
q West Canada, Greenland and East Canada,
ays Siberia, Central Asia, and the Mediterranean.

| see that in the Eastern US, Central Europe,
West Asia, Central Asia, and East Asia the
days | number of dry days decreased.

Dry

Make a claim that answers the scientific question.

Arctic sea ice has a big impact on climate around the world.

With some variation across regions, reduction of sea ice will
lead to more extreme warm days, fewer extreme cold days, more
extreme wet days and fewer extreme dry days.
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Support your claim using model results as evidence. Refer to the changes in climate at
specific locations on the figure.

The models predict that the amount of sea ice iIn the Arctic will
have different impacts on extreme weather depending on the
location In the northern hemisphere. In more northern locations,
like Siberia, Scandinavia, Alaska, Canada, and Greenland,
decreases iIn sea i1ce will lead to significantly more warm days
and fewer cold days.

The impact of sea i1ce loss on precipitation will occur at both
southern and northern location. Overall, the model predicts an
increase in precipitation. In the Eastern US, central Europe,
Siberia, and all of Asia the number of dry days are expected to
decrease. In Central Asia, the Mediterranean, Siberia, Alaska,
Canada, and Greenland the number of wet days will iIncrease.

Describe your scientific reasoning and explain how the evidence from the model
supports your claim.

The figure above shows, qualitatively, the results of the
climate model simulations. The results show the predictions for
the treatment model, with low levels of Arctic sea ice, relative
to the control model with present day levels of Arctic sea ice.
Because the results of the models were different depending on
the amount of sea ice, we can conclude that the amount of sea
ice changed climate around the world. Our findings support the
hypothesis that arctic sea ice has worldwide impacts on climate
change.

Teacher Note: Two important points to clarify with students:

1. The model results figure/map does not give numbers. Therefore, we say it Oqualitatively),
not OquantitativelyO, describes the results of the climatmodels.

2. ltalso does not give the results of one model, but instead shows the results of the
treatment model relative to the control model. The figure shows whether reduced sea ice
(treatment) is predicted to influence extreme weather patterns around the globe, relative
to the amount of sea ice we have today (control).

Your next steps as a scientist:

Science is an ongoing process. What new question do you think should be
investigated?

Students will have many valid answers to this question. See the
Teacher Note on the following page for some examples.
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What future data should be collected to answer your question?
Student responses may vary. See the following example questions:

1) When the average value of temperature and precipitation
increases, does the variability?

2) Will the seasonality of rainfall be altered from current
seasonality?

3) With less Arctic sea ice, will the duration of hot and wet
spells increase?

4) Will there be more prolonged periods of both more dry and
warm days in the same region?

Teacher Note: When thinking about variability in temperature and precipitation, it is also
important to think about seasonal variability. Take California, which is undergoing an extreme
drought, as an example. Increasing the number of dry days in the summer might be a bigger
deal for agriculture than increasing the number of dry days in the winter. Plants need water
to prevent overheating. If there is less water when it is very warm, this will be potentially
more devastating than less water when it is already cool.

Taking the California example further, a single hot and dry day here or there may not be as
devastating to plants (and thus agriculture) as many hot and dry days in a row. Future
studies could look at the longest hot, cold, wet, or dry spell (in fact, James and his
colleagues did in their original article).

Answering these questions would not require re-running the model, instead it would require
reanalyzing the output data that James and colleagues collected.

Example data that could be collected for each question:

Independent variables:

1) Average of temperature/precipitation in all models (both
with current sea ice extent and future, reduced sea ice,

2) % of precipitation happening in each month under current
sea i1ce extent,

3) Number of warm, cold, wet, and dry days under current sea
ice extent,

4) Define a drought severity index (this should be a metric
that Incorporates both very warm temperatures and very dry
days) and calculate 1t under current sea ice extent.

Dependent variables:
1) Standard deviation of temperature/precipitation in all
models (both with current sea i1ce extent and future,
reduced sea ice),

Data Nuggets developed by Michigan State University fellows in the NSF BEACON and GK-12 programs.
This Data Nugget was written in collaboration with Science Journal for Kids.
7



Teacher Copy, Level 4 Name

2) % of precipitation happening in each month under reduced
sea i1ce extent,

3) Number of warm, cold, wet, and dry days under reduced sea
ice extent,

4) Define a drought severity index (this should be a metric
that iIncorporates both very warm temperatures and very dry
days) and calculate 1t under reduced sea ice extent

For each year the model is run, temperature and precipitation on
each day are recorded. The above dependent and independent
variables are manipulations of these daily values to look for
trends.

Additional teacher resources related to this Data Nugget:

There is one scientific paper associated with the data in this

Data Nugget. The citation and PDF are below:

¥ Screen J.A., Deser C., Sun L. 2015. Projected changes in
regional climate extremes arising from Arctic sea ice loss. Ds
Environmental Research Letters 10: 084006. K\

0 http://iopscience.iop.org/article/10.1088/1748-
9326/10/8/084006/pdf;jsessionid=316D5BA8A42B03B3268D104D6FAB3
DB5.c4.iopscience.cld.iop.org

¥ The same paper, written at a middle/high school reading level by Science
Journal for Kids, can be found here:
0 http://www.sciencejournalforkids.org/the-arctic-is-melting---so-what.html

You can play this video, showing changes in Arctic sea ice from 1987-2014,
overhead at the start of class (no sound required). Each student should write down
a couple of observations and questions.

¥ https://youtu.be/FDRNH48LvhQ

This Data Nugget was created in collaboration with Science Journal for Kids. They
adapt cutting edge peer-reviewed environmental science research for students (and
their teachers). Their original activities can be found on their website:

¥ http://SciencedJournalForKids.org/
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