Due Date:

Module Capstone Project:

Toba-like eruption in 2020

An 1888 lithograph of the 1883 eruption of Krakatoa.
from: "The Eruption of Krakatoa and Subsequent Phenomena", published 1888
https://archive.org/details/eruptionkrakato0Owhipgoog

Learning objectives: Students will

« Design a conceptual model to estimate the climatic and societal implications
of a large Toba-type volcanic eruption in the year 2020.

« Compare and contrast the similarities and differences between the expected
climatic effects of a Toba-sized eruption and the climatic effects possible
from anthropogenically induced global warming.

« Communicate research findings, conceptual model, and compare and
contrast exercise in a written summary.



1. Investigate Mt. Toba eruption.
The super-eruption of Mt. Toba is thought to be one of the most significant events of the past

100,000 years. Utilizing the same research techniques you used in Part A, write a brief summary
of the Toba event (150 word minimum). Include at least two references for this summary.

2. Develop a conceptual model to explore the climatic and societal effects of a Toba-like
eruption occurring in the year 2020.

Use the information from your Toba summary, relevant data relating volcanic eruption events to
global and regional temperature changes, and your understanding of energy exchanges within the
climate system to develop a conceptual model designed to explore the possible consequences of
a Toba-sized eruption occurring in the year 2020. (note: it is estimated that the probability of
such an event is very rare, less than once every million years, see Self 2006)

In your conceptual model you will form hypotheses regarding the magnitude and duration of all
effects associated with this eruption scenario. Make sure to include a concept map (see Figure 1
and 2 in Appendix III), a concept sketch of your model (see Figures 3 and 4 in Appendix III),
and use a system diagram to describe at least one relevant feedback process (see Figure 7 and 8
in Appendix III).

Y our conceptual model should include your hypotheses of:

* The effects of the eruption on Earth’s atmosphere.

* The effects of the eruption on Earth’s energy balance.

* How the effects on Earth’s energy balance may alter Earth’s mean surface temperature.
(see Figure 5 and 6 in Appendix III)

* Possible differences in effects on a regional and global scale.

* Possible impacts on local, regional, and/or global economy, changes in public policy,
effects on human health and mortality.

* The magnitude and the duration of all effects associated with this eruption scenario.

The written summary of your conceptual model and the implications of a large modern day
volcanic eruption should be at least 400 words. In addition, a major contribution to
communicating your conceptual model is the completion of Figures 2, 4, 6, and 8 from Appendix
II1. These templates have been given to you to help your better understand the term “conceptual
model” as used in this activity. Figures 1, 3, 5, and 7 from Appendix III show corresponding
figures for anthropogenically induced global warming. They are included to both summarize
some of the expected future effects from increasing greenhouse gases and as examples to help
you complete the templates of Figures 2, 4, 6, and 8 from Appendix III.

A minimum of four references must be included with at least two of these must come from
scientific journals. Appendix IV has a link to resources related to evaluating the quality of
research resources that may also be helpful.



To gain additional perspective, write 150-word summary to compare and contrast the similarities
and differences between the expected climate related effects of a Toba-sized eruption and those
possible from anthropogenically induced global warming throughout this century. Identify and
discuss at least two features that they would likely have in common and two features that are
quite different. For example, it may be useful to think about ideas related to possible mitigation
strategies, adaptation strategies, public policy before and/or after the event, socio-economic
classes most affected, required changes in infrastructure before or after the event, and spatial
coverage and duration of the climatic effects of each event.

You may work alone or in a team with up to 2 other people. If you choose to work in a team, a
paragraph describing the responsibilities of each team member is required. (The Appendix has
some useful resources related to conceptual model development)

Research on student learning suggests that students do better when they think about their
learning process; this is referred to as metacognition. Before you start, please take a few minutes
to answer the planning questions from the metacognition guide in Appendix II. Please also
revisit this metacognition guide after you have made significant progress and take a few minutes
to answer the progress phase questions, and after you're near completion, please answer the
evaluation phase questions from the metacognition guide.

References cited:
For journals or magazine articles references should include:
Author, publication date, title of article, journal name, volume, number, and page number.

For books the reference should include:
Author, title of book, chapter, page number(s), publisher with city, publication date

For websites, the reference should include:
Title, author, affiliation, complete URL address, retrieval date. If the website takes you to a
PDF of a published journal article include the URL but also site it as for journal articles
above.

*Examples of Acceptable Scientific Journals (a good source of scholarly papers is
https://scholar.google.com/ ).

Nature Geology

Science Geophysical Research Letters

Journal of Climate American Geophysical Union EOS

Journal of Geophysical Research Bulletin of the American Meteorology Society
Earth and Planetary Science Letters




Rubric: Module Capstone Project: Toba-like Eruption.

(created from http://rubistar.4teachers.org/)

CATEGORY

Organization
(4 pts)

Amount of
Information
4 pts)

Quality of
Information
(8 pts)

Concept Map
(4pts)

concept sketch
(4 pts)

system diagrams
(4 pts)

Mechanics
(4 pts)

Sources
(4 pts)

Metacognition
guide (4 pts)

This assignment is worth 40 points total.

100%

Information is very
organized with well-
constructed paragraphs
and subheadings.

All topics are
addressed and all
questions answered
clearly.

Information clearly
relates to the main
topic. It includes
several supporting
details and/or
examples.

A clear and organized
concept map is
presented and
discussed.

A clear and organized
concept sketch is
presented and
discussed.

A clear and organized
system diagram is used
to explain a feedback
process relevant to
your conceptual model.

No grammatical,
spelling or punctuation
errors. Achieved word
count.

All sources
(information and
graphics) are
accurately documented
in the desired format.

Thoughtful, clear, and
honest reflection on
your self-evaluation
from the Appendix II
metacognition guide.

Information is
organized with well-

All topics are
addressed and most
questions answered

Information clearly
relates to the main
topic. It provides 1-2
supporting details
and/or examples.

A complete concept
map is presented and

A complete concept
sketch is presented and

A system diagram is
used to explain a
feedback process
relevant to your
conceptual model.

grammatical, spelling
or punctuation errors.
Achieved word count.

(information and

documented, but a few
are not in the desired

Thoughtful reflection
on your self-evaluation
from the Appendix II
metacognition guide.

50%

Information is
organized, but
paragraphs are not
well-constructed.

All topics are
addressed, and most
questions answered.

Information clearly
relates to the main
topic. No details and/or
examples are given.

A complete concept
map is presented.

A complete concept
sketch is presented.

A complete system
diagram is presented.

A few grammatical
spelling, or
punctuation errors.
Less than stated word
count.

All sources
(information and
graphics) are
accurately
documented, but many
are not in the desired
format.

Reflection on your
self-evaluation from
the Appendix II
metacognition guide.

0 to 50 %

The information
appears to be
disorganized.

One or more topics
were not addressed.

Information has little
or nothing to do with
the main topic.

No concept map is
included.

No concept sketch is
included.

No system diagram
map is included.

Many grammatical,
spelling, or
punctuation errors.
Less than stated word
count.

Some sources are not
accurately
documented.

Very little to no
reflection on your self-
evaluation from the
Appendix II
metacognition guide.



Appendix I. Some useful resources for conceptual model development.

The effects and consequences of very large explosive volcanic eruptions. S Self. Philosophical
Transactions A, The Royal Society Publishing. Published 15 August 2006. Access at:
http://rsta.royalsocietypublishing.org/content/364/1845/2073

Conceptual Model: http://serc.carleton.edu/introgeo/models/WhatlsAModel.html

Concept Maps: http://serc.carleton.edu/introgeo/assessment/conceptmaps.html

Concept sketches: See Figure 1. From “The Atmospheric Effect of the Pinatubo Eruption”
http://www.nuclear.lu.se/fileadmin/nuclear/Undervisning/Atmosfaerskurs/P04.pdf

and
http://serc.carleton.edu/NAGTWorkshops/careerdev/AcademicCareerTeach2013/march.html
Causal loop Diagrams: http://serc.carleton.edu/resources/14127.html

Power Point Review for this assignment used in class.

Appendix I1. Metacognition guide for Conceptual Model
development.

Use this to monitor yourself during the three key phases of your conceptual model development:
1) planning; 2) progress, and 3) evaluation. This will not be graded.

Planning phase. (Before you start, take 5 minutes to answer the following questions. Be brief and
concise.) Submit this by our next class meeting (5 pts).

*  What prior knowledge will help me develop my model?
*  What assumptions must be made?
*  What should I do first?

Progress phase. (After you get started, take a few minutes to reflect on your development process.
Please include brief statements.) Do not submit this but do take some time for self-reflection.

* Howam I doing?
*  How should I proceed?
*  Are my goals for this project too ambitious or not ambitious enough?

Evaluation phase (Near the wrap-up phase of this activity take a few minutes to ask yourself)
Submit this with your final report.

*  How well did I do relative to the rubric?

*  What did I learn?

*  What could I have done differently?

* Do I need to go back through the task to fill in any gaps in understanding?



Appendix III (figures to help guide you)
Ag e
phﬁed warm at the poles relative to the tropics. l.
- ce—albedo effect contributes to this 2\ o

\Iethane release from
elting Arctic permafrost
may amplify 21st century
warming

N
“ . V\ Meltmg Greenland ice ——4 Amplified -l
» ) sheets, putting fresh water é warming over ..
into the North Atlantic may Wl p )
Water storage from high dlsrupt the thermal haline 5\‘ oceans i
mountain snow pack will llkel} circulation .
#4——decrease in a warmer world. - i W Sea level rise is -
o : \\;\’Q?‘::: - (( - _\\{ likely to affect many
- L coastal communities
I Y ) :
Deep oceans b4 b \
... have the ability to deforestation, especially in tlle tropics contn'bntes to antllropogemc ;arb\? enussu:ns
- store heat energy 7 ),} \ ))/ U : (, \l <
- making climate \

change more f/ I L%/ }

sluggish. 4 Carbon uptake by the oceans decreases with increasing v}
s temperature so the oceans will not be as effective at
’ removing carbon from the atmosphere in a warmer world.

—

-
o~

> ’ r.,.p\r"\/

Ry »/‘“7/’“

there is presently so much ice over Antarctica that the ice-albedo feedback process
has a much longer time horizon than in the Arctic.

&fl_\mmw I A A

- B 2 - E 2] L4 s B0 e e

Figure 1. An annotated map highlighting some aspects of anthropogenic climate
change expected over the 21 century.



Figure 2. For your conceptual model, you could annotate this map with how a Toba
like eruption may influence Earth’s energy balance and/or disrupt the climate system.
The star in northern Sumatra show the assumed location of this event (3° N, 99° E)



Increased greenhouse gases in the stratosphere result in stratospheric

Strat h
osphere cooling. This may slow ozone recovery despite the phase out of CECs
Troposphere Upper tropical to middle latitude troposphere warms more
than surface.
How clouds may change in a warmer
Differential heating between the ( . world varies greatly between models
upper lower atmosphere will likely . -2 7 making the strength of cloud-climate
alter atmospheric stability and feedback processes highly uncertain.

influence atmospheric circulation.
H,y0 feedback
Aerosol loading from sulfur emissions has likely offset

warming from GHGs. As we clean sulfur from emissions
the warming from fossil fuel use may become larger.

Anthropogenic emissions of greenhouse gases
(GHGs)* into the atmosphere enhance the natural
atmospheric greenhouse effect making Earth's
global mean temperature increase.

*Important GHGs include: carbon dioxide. methane, nitrous oxide. CFCs, and tropospheric ozone.

Figure 3. An example concept sketch showing six ideas related to anthropogenic warming.



Stratosphere

troposphere

Location: 3N ,99E

Figure 4. For your conceptual model, you could annotate this figure with your
ideas on how a Toba-like eruption may influence Earth’s energy balance and/or
disrupt the climate system.



Estimates of future warming from Anthrogogenic Greenhouse gases
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Figure 5. Model based representative concentration pathways (RCPs) temperature estimates
are references to 1986-2005 mean Global temperature. GISS anomalies are reference to
1951 to 1980 mean Global temperature. RCP2.6 is based on an aggressive emission
reduction scenario keeping Global Carbon dioxide equivalent levels below 450 ppm and
global warming less than 2.0 deg C above preindustrial levels. Carbon emission levels drop
to zero by around 2080 for RCP2.6. RCP 8.5 is a business as usual scenario in which carbon
emission reduction are driven primarily by economic factors and approximately triple by the
year 2100. (See IPCC ARS 2013 summary for policy makers
https://www.ipcc.ch/pdf/assessment-report/arS/syr/ARS SYR _FINAL SPM.pdf.)
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Figure 6. On the graph above include your hypotheses for the global average temperature change
expected from a 2020 Toba like eruption. Make sure to include numerical labels for the vertical axis.
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Figure 7. A system diagram showing one possible feedback process related to anthropogenic climate
change during this century. Create one of your own for the climatic effects related to the Toba like
eruption.
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Figure 8. A possible template for a system diagram connecting 4 system variables in a causal loop.
For you system diagram you could start with this diagram or even make a simpler diagram
connecting only 3 system variables. To use this diagram include system variables in the boxes, and
connection polarities and the sign of the overall loop feedback in the appropriate circles.
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Appendix IV: Information and research tips

Clark College Library has compiled some excellent resources for student research.

http://libraryguides.library.clark.edu/ click on By Type and then Tutorials

CLARK COLLEGE
LIBRARIES

Clark College / Research Guides / Home

Clark Libraries Research Guides

Class Guides, Subject Guides, Tutorials, Videos, Databases and more

BY SUBJECT ALL GUIDES BY OWNER

Search: =)

Showing 4 Guide Types

Search l

Class Guides {15 ) Special Topics o

Videos @ Tutorials 0

Annotated Bibliography: Tips for Writing @
Articles ©

Artstor Help @

Brainstorming and Mindmapping ©

Citing Sources @

Dental Hygiene Research @

« Evaluating Information €@

« Find DVDs and Videos &

« Find Opposing Views (Pros and Cons) @
« Get Full Text with the Find It Button @
« Get Help at Any Time @

Library Tours €@

Log-In Help @

Peer-Reviewed, Scholarly Journals @
Plagiarism (And How to Avoid It) @
Primary and Secondary Sources @
Search Tips @

Test Review @

Transitional Studies @

Tutorials Home ©
Web Hoaxes @

The evaluating information link http.//libraryguides.library.clark.edu/evaluating-information is
particularly useful and generic (not institutional specific), and the link to Peer-reviewed, Scholary
Jjournals is quite relevant. http.//libraryguides.library.clark.edu/peer-reviewed-scholarly-journals .
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