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=2 PENGUIN

Polar ENgagement through GUided INquiry

* The richness and interdisciplinary nature of polar research
and the importance of polar regions for climate change
suggests a potential to enhance student learning.

* Bring polar research into undergraduate courses on a
variety of topics.

* Give students hands-on experience with real data.
* Give students experience with a computational tool.



=2 PENGUIN

Polar ENgagement through GUided INquiry

* Survey results indicate that students and instructors feel
that they learned from the modules.

* New goal: test student knowledge gains.

* Mechanism: New module for statistics - many students
take freshman-level statistics, including non-STEM
students.

* Develop module and survey that tests student knowledge.
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Statistics

Scatterplots

Interpreting coefficients
from linear regression
Making predictions

Correlation

Arctic Monthly Average Temperature (Utqgiagvik, Alaska)

Annual J-D L-OTI(°C) Change 1960-2019
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—Credit: NASA GISS

Polar research

* Polar amplification

* Tracking geologic
temperature through ice
COres

e Temperature vs. CO2

Changes in Temperature and CO, Concentrations over the Past 422,000 Years
Data were obtained from the Vostok ice core in Antarctica

Temperature Anomaly °C (Difference from Average over 422,000 Years)

Years before Present
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Applying Statistics to
Polar Data

Using Statistics to Track Climate Change

o of oy, Vel 40, N 134, 1994

Distribution of stable isotopes in surface snow
along the route of the 1990 International
Trans-Antarctica Expedition
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In-class activities

What’'s in the module?

Homework Assignment: Simple Linear Regression

In areas where snow accumalates siowly and never melt, ice cores can provide a
record oftime going back thousands of years. The oxygen solope abundance, 50, is
associated with temperature. Thus, by measuring O isotopes at each layer n the ice core, we
can buld a record of temperature over geological time scales. But this data s only useful f we
have an independent way to model how the oxygen isotope abundance is associated with
temperature.

“To quanity the associaton, scientsts use the fact that the same association between
Istolope,abundance and temperature roughiy holds today. They take troks through a transect of
Antarctica from lower to higher olevations. At each sit, they measuro the isolope abundance
‘and estimate the comesponding temperature (e.g. the mean annual temperature at the site).

I determining the relationship between 50 and temperature, scientist correct for @
variety of compiicating factors, including dewiations that occur with location ofthe transect and
how ice may have moved over time. In this exercise, you wil ignore the complicating factors and
use simple inear regression to develop a mode for he association between isatope abundance
‘and temperature. Once the model is developed, we will use it o estimate past temperature from
anco core measured in Antarctica.

Wo wil use data from an Antarctic transect fom Dahe ot a (1994). Read the provided
articl. The data you wil use i in Tablo 2. Load in the data and start Rstudia by double-clicking
oolar.Rdata. The datairame is caed statope, a0d.T. The columns of inerest are:

- delta180: The quantity giving the isotope abundance.
+tomperature: The mean annual temperature at each location where isolopes were sampled.

L3 polar.Rdata

polar data

You willuse tis data set o investigate the association between 50'* and temperature.
1. Whatis an individual in ths study?
2. Whats the populaton inthis study?

3. Our goal i to develop a model that predicts the temperalure for a certan value of 5"0. What
random variable would you define s the response variable for ths study?

4. Does this study have any explanatory variables? If so, what are they?
5. Whats the fited model equation for temperature i this study?
6. Inerpret the coeficient of the explanatory variable in the ftted model equation fo this study.

7. Interpret the constant term in the fitted model equaton for this study.

homework
assignments

Porews st S o fereson

a isotopeAndTemperature_1994.cs
I3 modern_T_backup.rda
4 utgiagvik_temperature.csv

Instructor guldes keys R
scripts and backup data



A look at the module



Applying Statistics to
Polar Data

Using Statistics to Track Climate Change

~mme ¢ Part 1: Scatterplots

~ * Part 2: Interpreting coefficients from
s linear regression

e Part 3: Making Predictions

g g ©  Dart 4: Correlation
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Applying Statistics to
Polar Data

Using Statistics to Track Climate Change
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What you might think stats is like ...

* You get some data.
* You perform linear regression on 1it.
* Hopetully your answers are right.



What it's really like ...

What’s the question? Why should we care about 1t?
What data do I need?

If the data cannot be collected, what useful data can be
collected?

How are those data associated with the data I need?
How/where do I collect the data?

How do I identify and handle errors and outliers?

To what extent is this analysis valid?



Building a Mental Model:

How can we track temperatures in
the distance past?



What it's really like ...

What data do I need?

If the data cannot be collected, what useful data can be
collected?

How are those data associated with the data I need?
How/where do I collect the data?

How do I identify and handle errors and outliers?

To what extent is this analysis valid?



Building a Mental Model:

6180 in snow is associated with temperature

Warm se—————) C0|d

Low elevation H!gh elgvation
Low latitude High latitude

lbo
-34%o
neutron

18
6 O -20%o

2 extra
proton neutrons

0180 can be
used as a
thermometer

Left image courtesy of Spruce W. Schoenemann, right top image courtesy Robert Simmon, NASA.



Low elevation H@gh elgvation
Low latitude High latitude

Near the poles, atmospheric water vapor

is increasingly depleted in '*0. ‘\ o m m‘ terior

of Antarctica has
5 percent less %O
than ocean water.

—

Heavy, "*O-rich water
condenses over
mid-atitudes.

Meltwater from glacial
0 ce is depleted in 0.

4

0130 -rich % 0130 - depleted
£ Waierslighily depletedin *0,
evaporatesfromwdm sub-fropical '.'.-me.-s.‘



lce Age

Cold
Warm ﬁo Colder

Low elevatior High elevation
Low latitude High latitude

Near the poles, atmospheric water vapor

is increasingly depleted in *O. g _ i N o m m‘ terior

of Antarctica has
5 percent less %O

<\’ than ocean water.

—

Heavy, "*O-rich water
condenses over
mid-atitudes.

Meltwater from glacial
0 ce is depleted in 0.

¥ even more

180) - 11
0120 -rich % 5180 - depleted
Water, slightly depletedin 20,
W evaporates fromwam bUbT opicdal '.'.-me.-s.‘



Tracking past temperatures

What data do we need?
Temperature over the geologic record.

If the data cannot be collected, what useful data
can be collected?

How/where do I collect the data?

How are those data associated with the data I
need?

Doggo19292, Attribution,
via Wikimedia Commons



Tracking past temperatures

What data do we need?
Temperature over the geologic record.

If the data cannot be collected, what useful data
can be collected?
Isotopes are associated with past temperature.

How/where do I collect the data?
Ice cores from polar regions.

How are those data associated with the data I
need?

Doggo19292, Attribution,
via Wikimedia Commons



Tracking past temperatures

What data do we need?

If the data cannot be collected, what useful data
can be collected?

How/where do I collect the data?

How are those data associated with the data I
need?

Image courtesy of Spruce W. Schoenemann



Tracking past temperatures

What data do we need?

If the data cannot be collected, what useful data
can be collected?

How/where do I collect the data?

How are those data associated with the data I
need?

Image courtesy of Spruce W. Schoenemann



Interpreting Coefficients of Linear Regression
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Interpreting Coefficients of Linear Regression

T=1.18 * deltal8O + 10.4
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Interpreting Coefficients of Linear Regression

T=1.18 * deltal8O + 10.4
A

how temperature
changes with
deltal8O
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Interpreting Coefficients of Linear Regression

outlier
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Interpreting Coefficients of Linear Regression

outlier

-40
delta180

I
-20

From Dahe et al. 1994

The students can
look back at the
journal article
and see that this
outlier 1s due to
a typo 1n the
table of results.




Applying Statistics to
Polar Data

Using Statistics to Track Climate Change

~ag * Part 1: Scatterplots

« Part 2: Interpreting coefficients from
linear regression

e Part 3: Making Predictions

e e Part 4: Correlation
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Arctic Annual Average Temperature (Utqiagvik, Alaska)

For this scatterplot, what are

the:

- explanatory and response
variables?

- form, association, and
strength of association?

- outliers, 1f any?

Predict the average
temperature in 1900.




Student in-class activity:
Scatterplot of Arctic temperature

e Next we will plot Arctic temperature with time (from Utqiagvik, AK).

e Double-click polar.Rdata to open Rstudio and load in the data.

e The dataframe is called modern polar T.

e Plot the average temperature, TAVG, versus the data, DATE.
Reminder: lattice::xyplot(myY~myX, data=myDataFrame)

e Add an xlabel and ylabel using xlab and ylab:
lattice::xyplot(myY~myX, data=myDataFrame, xlab = “Year”, ylab =

“Temperature (Celsius)”).



Arctic Annual Average Temperature (Utqiagvik, Alaska)

Was your prediction for
© the average temperature
in 1900 correct?

What do you think the
temperature will be like
in 20307

What will determine that
temperature?
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Module Summary

Statistics and Polar Research

Designed by polar researchers, statistics and math
instructors, research students, & an education researcher.

Designed for undergraduate students (also High School
version about penguins)

Duration: ~2 weeks of class time + homework.
Computational tools: Rstudio.



Next steps

* Focus group will work through module and
knowledge test survey next week.

* Modify based on feedback.
* Planned to be taught starting in the fall.

 Will be shared soon via our website:
https://serc.carleton.edu/penguin/index.html



Thank you!
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Extra Slides



Future Sea Level Rise Predictions

Sea level equivalent (SLE) " = Mountain glaciers:
estimates from Davies, 2019 [OFe[¥] CVANVNSTEEN 0.4 m (40 cm)



Polar Amplification

Annual J-D L-OTI(°C) Change 1960-2019

Positive feedback:

* Increased greenhouse gases trap heat, leading
to melting sea ice.

* Sea ice is very reflective, so less sunlight is
reflected and more sunlight is absorbed, and
the ocean warms.

* The warming ocean causes more sea ice to
melt.
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Positive feedback:

» Increased greenhouse gases trap heat. 2
e The extra heat thaws permanently frozen ground
2 ) -"“-“------..---_------".-.---.._._.--
(permafrost). T
* Methane 1s released (also damage to ' “ Lattnin N N
5 This map shows trends in mean surface air temperature over the period 1960 to 2019. Notice that the Arctic is red,
lnfraStruCture) . indicating that the trend over this 60-year period is for an increase in air temperature of nearly 4° C (7.2° F) across much of
[ ] Methane iS a Stron g greenhouse g aS . the Arctic, which is larger than for other parts of the globe. The graph shows linear trends over the period by latitude.

—Credit: NASA GISS




Oxygen Isotopes

e Oxygen 16 (160)
o 8 protons, 8 neutrons

e Oxygen 18 (180)
o 8 protons, 10 neutrons

2 extra
e Which one is heavier? neutron

neutrons

proton

Image courtesy Robert Simmon, NASA




