Paleoclimatology 

Cindy Shellito – University of Northern Colorado

Note: The following are weekly study questions and most of the readings and links posted for student in Blackboard.

Week 1 & 2
Below are your required web browsing/reading assignments for Weeks 1 & 2.  Be sure that after reviewing your lecture notes and these websites, you can do the following:

1) Provide a couple of examples regarding how we find information about past climates.
2) Define 'climate.'
3) Describe the components of the climate system and their rate of response to various climate forcing factors.
4) List external factors affecting the climate system.
5) Know what it means for climate to be in equilibrium.
6) Describe what is meant by a 'feedback' in the climate system. Give examples.
7) Describe the range of climate models, from simple to complex. How would you know what type of model to use?

Reading:

NOAA Paleoclimatology Program: Introduction to Paleoclimatology
http://www.ncdc.noaa.gov/paleo/primer.html
(This is material discussed in the first & second lectures)

From the online textbook: Introduction to Climate Dynamics and Climate Modeling, read Chapter 1 (provides a review of some MET 205 material as well)
Also, read Ch 2, sections 2.1.1-2.1.3 AND Ch 3, sections 3.1-3.2.
(You may access these from the book's table of contents at: http://stratus.astr.ucl.ac.be/textbook/contents.html)

From the textbook: Earth's Climate Past and Future, download Chapter 2 (freely available - go to: http://bcs.whfreeman.com/ruddiman2e/  -- Then scroll down under 'student resources' -- Follow the link to Chapter 2). This contains some overlapping material from Chapter 1 of the Intro to Climate Dynamics book above.

Week 2

For reading this week, please make certain you have read everything that was posted last week (in particular, Ch. 2 of Earth's Climate Past & Future).

In class this week, on Wednesday we shared data gathered over the weekend on posters depicting climate around the world. On Friday, we discussed factors that create regional variations in climate - including atmosphere and ocean circulation.

After reviewing your homework, notes and reading for this week, you should be able to do the following:
1) Describe factors that change the seasonality on Earth. Also, what factors affect the seasonal range of temperature?
2)Explain how two different locations at the same latitude can have: differences in annual average & seasonal range of temperature; differences in precipitation.
3) Explain how earth transports heat: 1) in the atmosphere (i.e., general global circulation) 2) in the surface ocean 3) through the deep ocean.

Week 3
Our focus this week has been on tools used to understand the climate system - in particular, geochemical models. As a class, we constructed a geochemical 'model' of the carbon cycle: first, we developed a theoretical idea of the carbon cycle (posters), then we simulated the movement of a carbon atom through the cycle, while considering the various carbon reservoirs, flux rates, and pathways. Understanding how this works is critical to understanding how carbon in the atmosphere (and, thus, climate) has varied over long periods of time.

After class activities, your homework assignment, and completing the reading for this week, you should be able to do the following:

1) Describe the purpose of a geochemical model, and explain in your own words how such a model works.
2) Be able to draw a diagram of the carbon cycle. Show the reservoirs (know very roughly the size of the reservoirs), and label arrows to depict the pathways that carbon takes through the various reservoirs. (I don't expect you to memorize flux rates).
3) Know which carbon pathways are most affected by climate. Consider how pathways or reservoirs of carbon might change over time.

Reading:
**Overview of the Carbon Cycle at Windows to the Universe (http://www.windows2universe.org/earth/Water/co2_cycle.html&edu=high)
**Introduction to Climate Dynamics & Modeling: Section 2.3 (http://hal.astr.ucl.ac.be/textbook/chapter2_node10.html)
**For a perspective on CO2 through geologic time, see "Climate and CO2 in the atmosphere." Be sure to look at the figure on the right hand side of the page. Can you explain, in your own words, why the range of CO2 estimates is so great for past time periods? (http://earthguide.ucsd.edu/virtualmuseum/climatechange2/07_1.shtml)

Week 4
We began this week wrapping up our discussion of geochemical models and the carbon cycle - specifically, we took a closer look at weathering (hydrolysis, dissolution, and feedbacks associated with weathering). Next, we began to consider the geologic timeline (starting with the timeline on TP). We finished off the week with an overview of climate proxies and an introduction to dating techniques.

I handed out homework #3 on Wed (due next Wed 1/8).

After reviewing lecture notes, homework, and browsing the websites below, you should be able to do the following:

1) Explain the difference between hydrolysis and dissolution.
2) Know how the weathering feedback affects long-term climate.
3) Given a carbon reservoir size and flux rate, be able to calculate how long it takes for the reservoir to empty (or fill...).
4) Be familiar with the geologic timeline (memorize eras, periods, and epochs(in the Cenozoic)...Know ages roughly.
5) Describe what sorts of things serve as climate proxies, and over what time frame is a particular proxy useful.

Reading (including full web addresses here so you can access these outside of BB):
**More notes on chemical weathering (http://en.wikipedia.org/wiki/Weathering) - Yes, this is Wikipedia - and it's ok!
**The Biological Pump (ie, carbon sequestration) (http://earthguide.ucsd.edu/virtualmuseum/climatechange1/06_2.shtml)
**Browse the UC Berkley Geological Time Machine (http://www.ucmp.berkeley.edu/help/timeform.html)
**An overview of climate proxy data (http://www.eh-resources.org/climate2.html)
**NCDC Paleoclimate Proxy Primer page (http://www.ncdc.noaa.gov/paleo/primer_proxy.html)
**Scotese Paleomap Project (http://www.scotese.com) - We'll discuss this next week.

Week 5
On Monday we focused on radioisotopic and relative dating. After reviewing your lecture notes and the websites below, you should be able to do the following:

1) Explain, in general, how radioisotopic dating is used.
2) Explain the difference between alpha-decay and beta-decay.
3) Be able to find the age of a rock given the half-life of an element, and the number of parent and daughter atoms.
4) Know which elements are useful for dating relatively young objects, and which for dating relatively old objects (see the half-lives of elements on the back of the in-class activity sheet, which is attached to this posting).

Reading:
**Background on the Radiometric Time Scale at USGS (http://pubs.usgs.gov/gip/geotime/radiometric.html) (This is one page of reading, and includes a review of the math we did on the board).
**Dynamic Earth-Dating Rocks (http://www.see.leeds.ac.uk/structure/dynamicearth/dating/index.htm)
**A little model of radioactive decay (http://lectureonline.cl.msu.edu/~mmp/applist/decay/decay.htm).


Week 6
After completing the reading and reviewing lecture notes for this week, you should be able to do (or answer) the following:

1) Explain how radiometric dating is used to give us 'relative' dates
2) Explain the importance of the work done on Kilimanjaro3) Explain the difference between stable and radioactive isotopes and describe how stable isotopes are useful for understanding climate.
4) What is  fractionation? Be able to give examples of processes that lead to fractionation, and know which elements are being fractionated.
5)How do we find the 'del' value? (What does it tell us about a sample?)
6) How can oxygen isotopes tell us about a) past rainfall patterns, b) past ocean temperature, c) past sea level?
7) Describe the structure of the Earth and name three different types of plate boundaries.
8) How is paleomagnetism used to determine age? How is it used to determine paleolatitude?

Reading:

Wikipedia - Stable Isotopes (While I'm not a big fan of assigning reading from Wikipedia, this page has a nice overview of useful background information).
http://en.wikipedia.org/wiki/Stable_isotope
And read the page on carbon isotopes:
http://en.wikipedia.org/wiki/Isotopes_of_carbon

Paleoclimatology: The Oxygen Balance
http://earthobservatory.nasa.gov/Features/Paleoclimatology_OxygenBalance/

For an overview on the structure of the Earth and Plate Tectonics, see:
http://scign.jpl.nasa.gov/learn/plate1.htm
(see the link at the bottom of the page for more info on plate tectonics)

Check out http://scotese.com/ for configuration of continents in Earth's past!

Week 7
There are three articles to read for the homework assignment for this week:

Paper #1: Hoffman and Schrag, 2000. Snowball Earth, Sci. Am. p. 68-75. 

Paper #2: Go to this page:
http://geosci.uchicago.edu/~rtp1/papers/publist.html
Scroll down and access the pdf for this article:
Pierrehumbert RT 2004: High levels of atmospheric carbon dioxide necessary for the termination of global glaciation Nature 429, 646-649.

Paper #3: Donnadieu et al. (2004). A ‘snowball Earth’ climate trigger by continental break-up through changes in runoff. Nature v 428, p.303-306.
(Available on EBSCO).

After your reading and lecture from this week, you should be able to do the following:
1) Describe our current hypotheses regarding the formation of Earth's atmosphere.
2) Explain the Faint-Young Sun Paradox and the hypothesis that was developed to explain the absence of ice on Earth until 2.3 Bya.
3) Explain how we think O2 increased in the atmosphere - What is or evidence for an increase in O2? And what were some of the consequences?4) Explain what evidence we have for early life on Earth.
5) Explain the Gaia Hypothesis, and provide an example of when this hypothesis holds true.
6) Explain the BLAG Hypothesis. How does it work? What is the negative feedback invoked by the hypothesis? Provide an example (or two) in Earth's history of when this hypothesis likely holds true.

Other Links & Required Reading:

For some interesting videos and animations of Titan (modern analog of early Earth?):
http://sci.esa.int/science-e/www/area/index.cfm?fareaid=12

Also (required reading) - Go to this website and click on the boxes describing the Hadean, Archean, and Proterozoic:
http://www.palaeos.com/

UC Berkeley Museum of Paleontology (UCMP) Web Time Machine (Required Reading)
Click on (and read through) the links that deal with Precambrian Time.
http://www.ucmp.berkeley.edu/help/timeform.html
Berkeley Museum of Paleontology - Vendian (or Ediacarian) fauna:
http://www.ucmp.berkeley.edu/vendian/critters.html

The Gaia Hypothesis:
http://www.physicalgeography.net/fundamentals/5d.html

Week 8
This week we considered factors that may control Earth's long-term 'thermostat'. We also tinkered with the model GEEBITT to gain some insight regarding Archean and Neoproterozoic climates. After completing the reading and reviewing notes from this week, you should be able to do the following:
1) Explain the Uplift Weathering Hypothesis - provide examples.
2) What role might a changing sea level play in climate change?
3) Describe for factors that can change the global sea level.
4) Know how GEEBITT works and how to use it. How can we test model sensitivity to various parameters? How does it differ from a 'global climate model' or 'general circulation model?'

Reading:

The Uplift Weathering Hypothesis:
http://www.moraymo.us/uplift_overview.php

Climate Change and Sea Level Rise
(this article focuses on the effects of melting ice - read up to the section on ocean acidification)
http://www.climate.org/topics/sea-level/index.html

Sea Level Rise Maps:
(check out this site that shows how the world will change if sea level rises)
https://www.cresis.ku.edu/data/sea-level-rise-maps

Snowball Earth:
Use this website as a supplement to the articles we read on Snowball Earth. In particular, review the answers to the questions on this page:
http://www.snowballearth.org/questions.html

Week 9 & 10
I've combined the study questions for these two weeks as we really only had one class period during the week prior to spring break. In that class, we discussed the three papers focused on Snowball Earth. In Week 10, we began our 'grand tour' of the Paleozoic.

1) What physical evidence do we have for Snowball Earth?
2) Describe one hypothesis for how the Earth might have entered this very cold spell, and explain how this hypothesis has been tested.
3) Explain problems we have in understanding how Earth came out of the 'Snowball' state (make sure you can explain the significance of the Pierrehumbert paper, and the problems with CO2)
4) Describe how key factors affected climate change through the Paleozoic (continental movement, rise of land plants)

Be sure to review the outlines on the Snowball articles that we used to guide our class discussion on 3/12.

Reading:
http://www.palaeos.org/Paleozoic
(Focus on the climate history)

Week 11
This week we surveyed the history of Earth's climate, from the Carboniferous, into the Cenozoic. We discussed the possible causes of the P/T extinction, and focused on 'warm climate puzzlers' as well as changes through Cenozoic. The reading associated with these notes comes from:

http://www.palaeos.org/Mesozoic
(Be sure to click on the links to Triassic, Jurassic, and Cretaceous, and read those pages as well)

And from the article by R. White (2002).

After completing the reading, and reviewing notes for this week, you should be able to explain or answer the following:

1) What is meant by the term 'equable climate'? When do we think Earth had an equable climate?
2) What are some puzzling questions we still have about the Cretaceous?
3) List at least 3 clues we have regarding the cause of the P/T extinction.
4) What evidence do we have for the following possible extinction mechanisms at the Permo-Triassic boundary: global warming/feedbacks; volcanism; bolide impact; volcanism & bolide & global warming
5) Describe (or diagram) two positive feedbacks that could have enhanced global warming at the end of the Permian.
6) What are three 'puzzlers' about warm climates in earth's past? (i.e., events or conditions that we still don't quite understand.)
7) When was the warmest period of the Cenozoic, and why do we think it was so warm?
8) How well do each of the following hypotheses explain Cenozoic cooling: BLAG, Uplift Weathering, Polar Position, changes in ocean heat transport?

Additional Reading:
http://www.palaeos.org/Mesozoic#Mesozoic__Climate
(Good overview of Mesozoic climate as well as some of the puzzlers of warm climates)

A couple of short articles about the warm climate of the Early Cenozoic:
Climate change in the Eocene: how'd all this carbon get here? (http://arstechnica.com/science/news/2010/10/learning-how-climate-changes-trigger-cause-a-thermal-maximum.ars)
Ancient global warming shows the limits of our knowledge (http://arstechnica.com/science/news/2009/07/past-warming-suggests-climate-sensitivity-mismatch.ars)

Week 12
This week we focused on the role of orbital variations on changing insolation.
After reviewing your lecture notes and reading for this week, you should be able to answer the following:
1) Describe how Earth's tilt, and orbital precession and eccentricity change over time (know the time scales of change)
2) Explain how changes in obliquity, eccentricity, and precession affect seasonality in the northern and southern hemispheres.
3) Describe the Milankovitch Theory. (Know the critical season and the critical temperature that control ice sheet growth).

Reading:
Milankovitch Cycles
http://en.wikipedia.org/wiki/Milankovitch_cycles
(A thorough overview of orbital cycles discussed in lecture on 4/1 and 4/4)

NASA Earth Observatory: Explaining the Evidence
http://earthobservatory.nasa.gov/Features/Paleoclimatology_Evidence/
(An overview of orbital cycles and their effect on climate - more abbreviated version)

Week 13
After reviewing your lecture notes and reading for this week, you should be able to answer the following:
1) What is the role of the 'Equilibrium Line' in controlling ice sheet growth?
2) What role does the 'ice-elevation' feedback play in the growth or decay of ice sheets?
3) What role does the sinking or rebounding of bedrock play in the growth or decay of ice sheets?
4) How does a 'large glaciation phase' differ from a 'small glaciation phase'?1) How do ice sheets influence climate?
5) What role does substrate or bedrock play in ice sheet growth and evolution?
6) What hypothesis do Clark et al. propose regarding the change in the frequency of occurrence of ice ages around a million years ago.4) How do we grow an ice sheet? (Think about orbital fluctuations, CO2 fluctuations, changes in bedrock)
7) What processes are effective at drawing down CO2 during an ice age (and why are they effective)? Make sure you also understand which carbon uptake processes are not so effective during ice ages.
8) Know how much atmospheric CO2 concentrations varied between glacial and interglacial states. Know how much CO2 has varied between the last glacial maximum and today.

Article by W. Ruddiman, Sci. Am. 2005: How did humans first alter global climate? 
I'm having trouble getting the link to this article to work. It is also available on Academic Search Premier (you must be logged into the library or on a campus computer). 

Additional reading on RealClimate.org
http://www.realclimate.org/index.php?p=223

Week 14

We started the week with a discussion of the paper by Clark et al, on the factors that may be responsible for the 100kyr glacial cycle. On Wednesday, we investigated climate model results depicting conditions during the last ice age, and on Friday we discussed Ruddiman's hypothesis and the Younger-Dryas (slides will be posted with any slides presented next week).

After reviewing your notes/reading for the week, you should be able to answer the following:

1) How do we grow an ice sheet? (Think about orbital fluctuations, CO2 fluctuations, changes in bedrock)
2) What effects do ice sheets have on climate? (Think about what we learned from the model: how does temperature change? how do precipitation patterns change, etc? Review our discussion of the model and model output.)
3) What is Ruddiman's hypothesis regarding the first influence of humans on climate? What evidence is there to support the hypothesis, and what evidence is there against it?
4) What factors affect climate on millennial, centennial, and decadal time scales? (we'll talk about this more next week)
5) What evidence do we have for the Younger-Dryas, and what effect did this have on climate?

Background reading:From Wikipedia: The Younger Dryas
The Medieval Warm Period

Week 15
We focused on shorter-scale climate changes - millennial to decadal oscillation.

After reviewing notes and PPT slides this week, you should be able to answer the following:
1) Describe Wally Broeker's Great Salt Oscillator Hypothesis.
2) What factors affect climate on centennial timescales, and what problems do we have in attributing the Medieval Warm Period or the Little Ice Age to these phenomena?
3) What effects might changing climate have had on early civilizations?
4) How do we determine whether warming over the last century can be attributed to natural or anthropogenic causes?
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