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I. Contacts

ADMINISTRATIVE CONTACTS:

LS&A Room Scheduling: These requests must go through the “home” department contact. For fall 2003 term, the new contact is through the Program in the Environment (snre.rooms@umich.edu). Reservations should be made under Environ 110 in Ben van der Pluijm's name. 

SNRE Room Scheduling: For special event rooms in the Dana building such as faculty meetings and student presentations contact snre.rooms@umich.edu and put the reservation in Dave Allan’s name. For AV reservations (computer/projector carts, etc.), contact snre.consultants@umich.edu or 647-4342.

CC Little/Geology Room Scheduling: For special event rooms in CCL such as faculty meetings and student presentations (not regular weekly classroom reservations, which go through LS&A), contact Teresa Clayton, tereclay@umich.edu, 764-1435, 2534 CCL. Room 2540 is a conference room seating 20-25 people equipped with internet connection but no projector. For computer projection, use the cart located in 4534 CCL (you must reserve it by writing in on the calendar yourself).
Campus Computing Site Reservations and Software Tech Support

*Standing reservations should go through LS&A scheduling, but one time reservations or tech support should go through Jill Harrigan - Email: sites.reservations@umich.edu, sites.software@umich.edu Phone: 764-0123. This website has very useful info about all the sites, including emergency contacts: http://www.umich.edu/~sites/instrtech/handbook/
UM Film and Video Library – Use online form at http://www.lib.umich.edu/filmvid/, or call 764-5360.  Videos should be reserved at least one week in advance. Films should be reserved under course director's name, Ben van der Pluijm.

Media/AV Services – Contact LS&A Film Projection or Classroom Projection Services: http://www.lsa.umich.edu/media/. Reservations must be made one week prior to actual use. 

LS&A Office Services: For large photocopy jobs. They usually require 24 hours, but sometimes can do jobs in as little as 4 hours.  They are located in G228 Angell Hall, 764-0355, os-print@umich.edu. You will need to give them a contact phone number and our short code (169836), department (Geology), and course number (UC 110).

Geology Office Services: To make copies yourself, use the geology department office copiers in 2534 CCL. They have really good machines with scanners and feeders, but don't count on them at the last minute since faculty are supposed to have priority. Our code for both machines is 35155.

FACULTY CONTACTS:

(See http://www.globalchange.umich.edu/Bios/bios.html for more information about GC faculty.)

Vince Abreu – AOSS – GC2 Faculty

Email: abreu@umich.edu
Phone: 747-3640

Dave Allan – SNRE – GC1, 2 Faculty (Course Director, GC2)

Email: dallan@umich.edu
Phone: 
764-6553

Dick Ford – ANTHRO - GC2 Faculty

Email: riford@umich.edu
Phone: 936-2952 
Tom Gladwin - SNRE and CEMP - GC2 Faculty

Email: tgladwin@umich.edu

Phone: 647-4491

George Kling – BIO – GC1 Faculty

Email: gwk@umich.edu
Phone: 
647-0894

Perry Samson – AOSS – GC1 Faculty

Email: smason@umich.edu
Phone: 763-6213

Ben van der Pluijm – GEO - GC1, 2 Faculty (Course Director, GC 1)

Email: vdpluijm@umich.edu
Phone:
763-0373

Former GC Faculty:

Bunyan Bryant – SNRE – GC2 Faculty

Email: bbryant@umich.edu
Contact Sarah Swanson for scheduling: sarsun@umich.edu
Mary Anne Carroll – AOSS - GC2 Faculty

Email: mcarroll@umich.edu
Rolf Deininger – SPH – guest lecturer, GC2

Email: rad@umich.edu
Paul Edwards – RC, School of Information – GC3

Email: pne@umich.edu
Tim Killeen – NCAR – GC 1,2

Email: killeen@ucar.edu
Gayl Ness – SOC – GC2

Email: gaylness@umich.edu
Jim Teeri – BIO – GC 1,2

Email: jateeri@umich.edu
Mark Wilson – SPH – GC3

Email: wilsonml@umich.edu
SUPPORT TEAM CONTACTS:

Lauren Sunila- Course Coordinator
Email: lsunila@umich.edu
Eric Dey – GC Assessment Director - School of Education

Email: dey@umich.edu
Peter Knoop – GC Instructional Technology Consultant – School of Information

Email: knoop@umich.edu
For Reference- previous Support Team Members:

Laura Brunengraber – GC 1,2 Course Coordinator, Instructional Material Development and Web Support

Email: lbruneng@mcw.edu
Luis Fernandez – GC 1,2,3 GSI, Instructional Material Development and Web Support - SNRE

Email: luisf@umich.edu
Scott Alexander – Instructional Material Development - SNRE

Email: jsalexand@umich.edu
Gregory Barrett – Course Sequence Administrator

Email: barrgreg@umich.edu
Marie Cooper – Programmer and Web Support- Space Physics Research Lab

Email: mlcooper@umich.edu
Elizabeth Maclin – Instructional Material Development - SNRE

Email: ebmaclin@umich.edu
Doug Partridge – Instructional Material Development, Former GSI - BIO

Email: dpartrid@umich.edu
Diana Stralberg - Instructional Material Development and Web Support - SNRE

Email: dianast@umich.edu 

II. FALL 2003 SYLLABUS

Please note: this document is from 8/14/03 and may have been updated online. Please attach an updated version or write in changes if necessary.

Registration
Global Change I- Physical Processes is taught every fall term, and is cross-listed in 5 different UM departments with the following course numbers: UC/NRE/BIO/ENSCEN/GEOG 110, AOSS/GEOSCI 171. Students are not required to register within the department of their concentration; this course holds Natural Science distribution credit for all cross-listings.
Course Requirements
Lectures
Lectures meet from 12:00 noon to 1:00 pm Monday, Wednesday and Friday in 170 Dennison. The lecture will begin promptly at 12:10, please arrive early enough to find a seat before the lecture starts. There will usually be important announcements at the beginning of lecture.

Reading materials for the class will be available as lecture notes and articles on our UM course tools web site, accessible from the following URL:
http://www.globalchange.umich.edu/globalchange1/
You will need to login with your UM uniqname to access the site from the "Student Access" link. If you encounter any difficulties, you should contact the course support staff (globalchange@umich.edu) immediately, as all students will be expected to check the site regularly for announcements and assignments. The material in the lecture notes is not identical to that presented in class. The on-line lecture notes serve as both textbook and coursepack, while also connecting you to material on other Web sites. 
THERE ARE NO REQUIRED TEXTBOOKS OR COURSEPACKS TO PURCHASE; supplemental reading materials will occasionally be distributed in class. The only costs you will incur are for printing lecture notes and other Web materials. 

Lab/Discussion 
Your presence at lab/discussion sessions is mandatory. The lab/discussion section meets for two hours per week, in a discussion classroom or an ITD computer classroom. LAB SECTIONS BEGIN ON SEPTEMBER 8 (second week of classes) in the ITD computer labs. 
Projects 
There is one term project for this course, which will be a group research paper presented in a web page. Students are expected to organize themselves into small teams of 2-3 to develop an implementation plan for a term project related to the course material. Suggestions for project topics will be provided, but the choice will be left to each team with guidance from the lab instructors. ***

Tests 
There will be two one-hour midterm exams and a two-hour final exam WEDNESDAY, DECEMBER 17 from 1.30-3.30 in the lecture room. The tests will be comprised of a mixture of multiple choice and short-answer questions. Material from the lectures, labs, and required readings (both on-line and handouts) will be covered on exams. The final exam will emphasize material covered since the second midterm, but will also involve concepts studied prior to the midterm. 
Evaluation Activities 
Global Change is a course that we are constantly trying to improve. All students are expected to participate in our evaluation activities, which open every Friday after lecture and close the subsequent Monday before lecture. Evaluations can be accessed from the web page. These consist of short, weekly questionnaires and 2 term assessments. Students who do not participate in these activities will lose points from their participation grade (see below).
Responder 

This past year we've experimented with a program called Synthesis 2000. During lecture, professors (with the help of GSIs) present students with 2-3 questions to provoke discussion. Each student is assigned a responder unit and when logging in their response are given points for attendance.  

Grading
The class will use a point system for determining final grades:
Midterms: 200 points
Final: 150 points 
Lab/Discussion Sessions: 180 points 
Term Project: 180 points
Term Web Assessments: 20 points
Lecture Activities: 30 points

Midterms (2): 100 points each
Final: 150 points 
Lab/Discussion Sessions: 13 points each
Lecture Homework: 5 points each
Lecture Responder Activities: 5 points/lecture
Term Project: 175 points total
Term Assessments: 10 points each
GCweek: 2 points each
The final grade will be out of approximately 760 points. Extra credit points may be offered for certain activities or assignments. 

Professors 

(You can find out more about your professors on our meet the GC1 instructors web page)
	David Allan, School of Natural Resources and Environment 
	dallan@umich.edu

	George Kling, Department of Biology 
	gwk@umich.edu

	Perry Samson, Department of Atmospheric, Oceanic, and Space Sciences 
	samson@umich.edu

	Ben van der Pluijm, Department of Geological Sciences, Program Director for UC Academic Minor in Global Change 
	vdpluijm@umich.edu 


  

Graduate Student Instructors 


Support Staff

	Lauren Sunila, Webmaster and Course Coordinator
	lsunila@umich.edu

	Eric Dey, School of Education, Course Assessment Director
	dey@umich.edu

	Peter Knoop, School of Information, Instructional Technology Consultant
	knoop@umich.edu


Office Hours

All GSI office hours will be held in 3526 CC Little, unless otherwise indicated. There is an administrative mailbox for Global Change in 2534 CCL.

***** Professors will have office hours by appointment, although students are encouraged to first use the Course Tools discussion environment to pose questions or comments about the material. To do this, enter the course tools site, select the "Discussions" link, select the appropriate topic, and then click on "Respond". This enables all of the course instructors and students to be aware of questions and to give their feedback. 
 

III. Fall 2003 Lecture Schedule

Please note: this document is from 8/5/02 and may have been updated online. Please attach an updated version or write in changes if necessary.

	Updated [image: image2.png]



	Preliminary Schedule 
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 HYPERLINK "http://www.globalchange.umich.edu/globalchange1/current/lectures/index.html" \t "_blank" format for printing

	Week
	Date
	Day 
	Topic
	Instructor

	1
	9/3
	wed
	Introduction and Goals
	All

	 
	9/5
	fri
	A roadmap to Global Change: Physical Processes
	van der Pluijm

	2
	 
	 
	Lab 1 - Internet, Web publishing and Course Software (Stella, Excel)
	 

	 
	9/8
	mon
	In the Beginning
	van der Pluijm

	 
	9/10
	wed
	Galaxies, Stars and Elements
	van der Pluijm

	 
	9/12
	fri
	Our Solar System and the Planets
	van der Pluijm

	3
	 
	 
	Lab 2 - Earth's Energy Balance
	 

	 
	9/15
	mon
	The Surface Energy Balance of Early Planets
	van der Pluijm

	 
	9/17
	wed
	Clocks in Rocks: Isotopes and the Age of Earth
	van der Pluijm

	 
	9/19
	fri
	The First Billion Years: Differentiation, Water and Atmosphere
	van der Pluijm

	4
	 
	 
	Lab 3 - The Use of Geophysical Data: Topography and Earthquakes
	 

	 
	9/22
	mon
	Continents and Oceans
	van der Pluijm

	 
	9/24
	wed
	Untamed Energy: Volcanoes and Earthquakes
	van der Pluijm

	 
	9/26
	fri
	Evolving Planet: Plate Tectonics
	van der Pluijm

	5
	 
	 
	Lab 4 - Climate Change and Biodiversity: Video Viewing/Discussion
Intro of Projects and Presentations
	 

	 
	9/29
	mon
	Soils, Weathering and Nutrients
	Allan

	 
	10/1
	wed
	Emergence of Complex Life; The Fossil Record; Punctuated Equilibrium
	Allan

	 
	10/3
	fri
	The Process of Speciation 

(move block down)
	Allan

	6
	 
	 
	Lab 5 - Natural Selection and Mutation: The Peppered Moth Example
	 

	 
	10/6
	mon
	Evolution and Natural Selection
	Allan

	 
	10/8
	wed
	Ecological Communities: Networks of Interacting Species
	Allan

	 
	10/9
	thurs
	Review
	BvdP+DA

	 
	10/10
	fri
	MIDTERM EXAM #1 (material through 10/9)
	 

	7
	 
	 
	Lab 6 - The Role of Science in Policy: Reading and On-line Discussion 
(Take Home Assignment, no labs meet)
	 

	 
	10/13
	mon
	Study Break (No Class)
	 

	 
	10/15
	wed
	Competition and Resource Scarcity
	Allan

	 
	10/17
	fri
	Trophic Links: Predation and Parasitism
(move block up)
	Allan

	8
	 
	 
	Lab 7 - Predator-Prey Relationships
	 

	 
	10/20
	mon
	Evolution of the Atmosphere: Structure and Composition
	Samson

	 
	10/22
	wed
	Climatology and Paleoclimatology
	Samson

	 
	10/24
	fri
	Global Warming Potential of Greenhouse Gases
	Samson

	9
	 
	 
	Lab 8 - Analysis of Vostok Ice Core Data
	 

	 
	10/27
	mon
	Climate Modeling
	Samson

	 
	10/29
	wed
	Weather Patterns and Systems
	Samson

	 
	10/31 
	fri
	The Blue Planet: Salinity, Circulation, and the Conveyor Belt
	Samson

	10
	 
	 
	Lab 9 - Exploring Temperature Change 
	 

	 
	11/3
	mon
	Ozone: The Good, The Bad and The Ugly
	Samson

	 
	11/5
	wed
	Dust in the Wind
	Samson

	 
	11/7
	fri
	Feedback Mechanisms and Human Response
	Samson

	11
	 
	 
	Lab 10 - Atmospheric Ozone Depletion 
	 

	 
	11/10
	mon
	Microbes: Transformers of Matter and Materials
	Kling

	 
	11/11
	tue
	Review
	DA+PS

	 
	11/12
	wed
	MIDTERM EXAM #2 (material through 11/8)
	 

	 
	11/14
	fri 
	The Concept of the Ecosystem 
	Kling

	12
	 
	 
	Lab 11 - Global Carbon Cycle 
	 

	 
	11/17
	mon
	The Global Carbon Cycle
	Kling

	 
	11/19
	wed
	The Global Water and Nitrogen Cycles - The Case of Acid Rain
	Kling

	 
	11/21
	fri
	Climate Change in the Great Lakes Region
	Kling

	13
	 
	 
	Lab 12 - Global Hydrological Cycle Model (Take Home Assignment, No Labs Meet) 
	 

	 
	11/24
	mon
	Using Ecosystem Science to Solve Problems: The Case of the Killer Lakes of Cameroon
	Kling

	 
	11/26
	wed
	No Class
	

	 
	11/28
	fri
	Thanksgiving Break (No Classes)
	 

	14
	 
	 
	Lab 13 - Student Presentations
	 

	 
	12/1
	mon
	The Flow of Energy: Primary Production
	Kling

	 
	12/3
	wed
	The Flow of Energy: Higher Trophic Levels 
	Kling

	 
	12/5
	fri
	The Tropical Rain Forest
	Kling

	15
	 
	 
	No Lab
	 

	 
	12/9
	mon
	Our Future with Gaia 
	All

	 
	12/10
	wed
	Roadmap Redux 
and Evaluation or Human Impacts of Global Change
	van der Pluijm

	 
	12/12
	fri
	Review
	All

	 
	12/17
	mon
	FINAL EXAM, 1:30-3:30p (all material)
	 


IV. Fall 2003 Lab Schedule

	Section
	Time
	GSI
	Classroom
	Computer Lab

	2
	W 9-11 am
		2112 MLB
	Angell B

	3
	W 1-3 pm
		B103 MLB
	Angell D

	4
	M 2-4 pm
		2104 MLB
	Shapiro PC 

	5
	T 9-11 am
		3516 FB
	Angell B

	6
	T 11-1 pm
		3000 FB
	Angell B

	7
	W 1- 3 pm
		B112 MLB
	120 West Hall

	8
	M  2-4 pm 
		3435 MH
	120 West Hall

	9
	Th 9-11 am
		3516 FB
	Angell D

	10
	W 3- 5 pm
		2004 MLB
	Angell D

	11
	Th 1-3 pm
		2006 MLB
	Angell D


	COMPUTER LAB
DISCUSSION
NO MEETING


	Week 1
	
	No lab sections meet

	Week 2
	9/8-9/11
	Introduction to Internet Web Publishing and Course Software – Meet (BvdP)

	Week 3
	9/15-9/18
	Earth Energy Balance (BvdP)

	Week 4
	9/22-9/25
	Geophysical Data: Topography and Hazards (BvdP)

	Week 5
	9/29-10/2
	Climate Change and Biodiversity: Video Viewing and Discussion, Intro of Term Projects

	Week 6
	10/6-10/9
	Natural Selection and Mutation: The Peppered Moth Example (DA)

	Week 7
	10/13-10/16
	No lab sections meet - The Role of Science in Policy Take Home Assignment

	Week 8
	10/20-10/23
	Predator-Prey Relationships (DA)

	Week 9
	10/27-10/30
	Analysis of Vostok Ice Core Data (PS) 

	Week 10
	11/3-11/6
	Exploring Temperature Change (PS)

	Week 11
	11/10-11/13
	Atmospheric Ozone Depletion (PS)

	Week 12
	11/17-11/20
	Global Carbon Cycle (GK)

	Week 13
	11/24-11/27
	No lab sections meet - Global Hydrological Cycle Model Take Home Assignment (GK)

	Week 14
	12/1-12/4
	Student Presentations - rooms TBA


V. Instructions for Course Support:

a. Communication between Staff

 Weekly GSI meetings will be held throughout the term in order to plan labs and assignments. Professors should attend the lab-planning meeting that is held the week before they lecture. If this is not possible, there should be communication via email to either reschedule the GSI meeting or to plan for the following week through email correspondence. Additionally, the Course Coordinator will contact faculty before their Monday lectures with updates on that week’s lab and information, which should be presented at the beginning of Monday lecture. It is crucial for students that professors are aware and involved in the labs, which are relevant to their lectures. 

b. Email Lists

Several email groups have been created in order to facilitate communication between faculty, staff, and students. The Course Coordinator and tech support staff maintain these. Members are listed in the administration section of the course web page.

GCL.teach@umich.edu – administrative list for faculty and development staff (no GSI’s)

GC1.gsi@umich.edu – list for GSI’s and the Course Coordinator 

GC1@umich.edu, GC2@umich.edu - these lists comprise the faculty, GSI’s, and development staff specific to each of the three semester courses, used for meeting announcements and course-specific issues

globalchange@umich.edu – public email address used for course promotion and inquiries, includes the Program Director, Course Coordinator, and Web Support staff

f3-aoss-171-001@umich.edu - class announcement list, maintained by ITD and updated by the registrar. This list is used to send copies of messages posted on the web page to all students enrolled in the course. Only course faculty and staff can send messages to this list.

VI. GSI Instructions for Lectures

Graduate Student Instructors are the main connection between the lecturers and the students.  The team teaching nature of the course provides the students with an opportunity to learn about Global Change issues from professors with expertise in a wide variety of disciplines.  Although the lecturers are more than willing to meet and interact with students, the realities of a large class size, busy schedules, and hesitancy of students to approach professors they are relatively unfamiliar with necessitate that you serve as the glue that ties a series of topics and disciplines together, using the labs and discussions to integrate course topics and provide greater understanding of the issues and applications of lecture material.  

Lecture Tips

GSI attendance in lecture is required.  Apart from the importance of setting a good example for your students to follow, you will be better able to field your student's questions, prepare good exam questions, and incorporate the important points of the lecture material into labs and discussions. ***** Additionally, you are required to write and submit several (2-3) self-test questions to the coordinator for each lecture. These should be sent by e-mail no less than once per week (you may send questions for up to 3 lectures at once).

The following are a few pointers, which should help you and your students get the most out of lectures.  

1) Print and read the web lecture notes before attending lecture.  Skimming the notes will help you concentrate on the topic at hand and anticipate the flow of the lecture.  Knowing the key points of the lecture before you arrive will allow your brain more time to soak up the details, often easily missed.

2) Highlight the main points as you go.  Some lecturers follow their notes to the letter, others refer to the notes at times but insert or exclude material as they go.  Be aware of what the lecturer expects the students to fully understand.

3) Develop several test/review questions during the class period.  You will find this practice and pool of questions will pay off during test/review sheet writing sessions with your fellow GSIs.  Tests should focus on the material covered in lecture.  A lecture-based exam is more likely to emphasize points the lecturers intended to stress, and in addition reward those students who make the effort to consistently attend class.

Getting the word out

You will find lecture is a good opportunity to make announcements pertinent to labs, take home assignments and the poster project.  You should not depend upon one lecture announcement to thoroughly broadcast important information!!!  The class email list, lab email groups and lab sessions are also good means of disseminating information.  It will usually take a combination of tactics to inform the whole class.

Connecting Labs to Lectures

One of your biggest challenges as a GSI will be to fluidly connect lecture material to lab material.  The schedule is designed in an attempt to provide maximum overlap between lecture and lab, although that is always a work in progress.  Your job will be made easier if you can touch base with the lecturing professor, making sure that he/she is familiar with the lab(s) that pertain to their lecture material and/or the lab material for that week (hopefully one in the same).  Making mention of labs during lecture will help students understand that lecture and lab are not as far removed as they may occasionally suspect.  The opposite is true as well.

Review Sessions and Review Materials

Students view review sessions as a constitutional right, while professors often see review sessions as yet another drain upon their already busy schedule.  Nonetheless, both groups agree that GSIs have primary responsibility for getting the review together. Usually the review session will be held in the evening several days prior to the exam.  Convey to the students that this session is their opportunity to clarify points of confusion and/or review key concepts.  

Although we used to provide the students with review sheets, these have been replaced by UM Lessons questions. These questions are in the form of “self tests” at the end of each lecture web page. Students are encouraged to do the self-tests throughout the term, but do not receive points for them.

Some tips for a good review session:

· Reserve and announce the room for the review session well in advance. Tell students that there will not be a formal presentation, but will last as long as they have questions to ask.

· Establish who will/will not be in attendance for the review.  Few things are more disconcerting to students or instructors than when a question cannot be answered due to the absence of a professor and the GSI who formulated the question. 

· Encourage professors to ad-lib questions and answers to wake up the crowd

· Sometimes it is helpful to have students come up to the board at the beginning of the session and write down their questions, which gets other students thinking about what to ask

· There is typically no computer/overhead projection at review sessions since it would be cumbersome to have to sort through lecture presentations to check on specific facts. Instead, GSI’s should bring their own lecture notes as a reference.

VII. Instructions for Grading

The challenge of grading in a course this size is the standardization of a grading scale for all assignments, across all GSIs.  The best way to facilitate this is for grades to be submitted to the coordinator on a weekly basis, so that section averages can be compared. This requires you to keep up with your grading. You should go by the standard of regular assignments being graded in the amount of time students had to complete them. So, the weekly lab assignments should be graded within a week of the due date. 

The challenge begins in lab, with lab exercises and writing assignments.  It then continues to midterms and final exams, and structuring fair, proper lengthed exams.  The key to remember is that students will always find questions or answers to your questions that you will anticipate.  Every question, whether on an exam or a homework assignment, will inevitably bring multiple answers.  The key to fairness is to think out the point the student is trying to get across, and always have a good enough grasp on the information to judge fairly.

Homework Assignments

Homework questioning has been designed for both succinct and wide-open answers.  However, the goal is always to get the student to think about the process, and then secondly pull out some interesting facts from the exercise.  Unfortunately as is often the case, the student will only go through the motions of a lab exercise to get out from behind his or her computer.  In a computer lab such as ours, learning the process and understanding the power of the software is essential.  Be weary of this tendency and warn the students that they will have to think more for themselves as the semester progresses.  (If it is later in the semester, force the students to work some of the problems out for themselves. This will be the easiest way for them to learn.)

In the first semester, some of our Stella models are not the only solution.  Creative students always find an alternative model, which may or may not be as simple and efficient.  These can sometimes be OK.  Just be on your toes not to judge too quickly.  If their new solution does work, however in a round about way, discuss with the student the differences and point out where the model may or may not be simplified.  Remember the simpler model is always the most desired.

In GC2, and to some extent in GC1, students are asked to evaluate global trends and sometimes to make personal recommendations as to which countries need global support related to a particular topic.  The answers returned are varied, and rarely do you get the same answers.  That’s OK as well.  However be careful and spend the time to really think through their reasoning. The process and evaluation is really the assignment, and we hope that they do not become accustomed to spitting back facts that they managed to quickly identify on the computer screen.

While we stress the process of these lab exercises, it helps to really work through the questioning as a group of GSIs.  This way you can attack the problems from different angles, and be prepared for what you might encounter in class.  Spend the time during the weekly meeting to brainstorm over the upcoming labs.  You may also find that sending cautionary emails to fellow GSIs after labs can also help make future labs easier.

After a couple weeks of grading homework questions, you might realize that the student answers are not meeting your expectations.  This handout can be used to layout more clearly what you are looking for.  Feel free to edit this to fit the expectations you have for your students.

Global Change – Section X

HOMEWORK TIPS HANDOUT

What was the question…?


Even though you have the question to be answered in front of you and I will also have the question in front of me while grading, your answers should encompass a complete thought that can stand alone.  If I hand your responses to someone who has never seen the assignment, they should still be able to comprehend the question you are attempting to address.  However, I’m not looking for an introductory essay for each two-line answer.  Often just a few words will suffice.  Concise writing is desirable.  This approach may seem tedious or redundant at times, but getting in to the habit will serve you well in the future.  Being able to concisely recap information and develop concise yet thorough communication will prove invaluable.  Which leads me to my next thought…

Be concise in your words and thorough in your thoughts. 

Your answers should be as concise as possible, while still conveying the answer to the question in the form of complete thoughts and sentences.  Of course, thought questions that incorporate terms like “Why”, “Explain”, or “Discuss” are looking for a bit more than the correct fill in the blank.  You should attempt to expand upon your observations without forgetting your love of concise, informative writing.

Punctuation, Grammar, and Proofreading


Spelling errors and grammatical errors are an inevitable part of writing, though they can convey a decidedly unprofessional feel, especially in large quantity.  99% of grammar and spelling errors can be caught with a quick proofread or with reference materials, be they computerized or manual (use your dictionary).

Some common mistakes:


-Pronouns without antecedents


-affect vs. effect


-there vs. their


-sentence fragments

-vague and unclear wording (Read your answer to yourself.  If the train of thought is not completely clear to you, it will likely be unclear to others.)

TEAMWORK AND GRADING HANDOUT


In Global Change, we encourage teamwork, however, we also require that any product that you submit for a grade be substantially your own. It is very important that you understand our expectations regarding independent contributions to a team project. These guidelines are intended to make life easier for all of us. When in doubt about acceptable levels of team effort, consult with your instructors, or err on the side of caution. 

During lab/discussion and for corresponding weekly assignments, you may find yourself working as part of a group. When two or more individuals work together, it is expected that all are active participants. One person doing the work, and then making it available to another, is not acceptable. At the stage where you finalize the product to turn in for a grade, and in writing any descriptive text to go with the assignment, you should be working on your own. Each individual receives an individual grade for an assignment. Therefore, it is not acceptable for the same assignment, word-for-word, to be turned in by two different students, each under their name. 

Projects provide considerable opportunity for teamwork and, we say again, that is encouraged. Each member of your team may submit the identical one-page proposal. Indicate who your team members are. At this point, we are mainly interested in helping your team choose a good project, so individual effort need not be evaluated. Creative brain-storming by all members of the group is encouraged. It would be a good idea to indicate how each group member will contribute, if you feel you are ready to do so. 

For your final project, the individual contribution of each team member should be clearly evident. Please provide your GSI with a brief explanation of the contribution made by each individual team member. 

PLAGIARISM 

To plagiarize means “to steal [the language, ideas or thoughts] from another, representing them as one’s own original work” (Random House Dictionary 1980). Typically, students encounter problems with plagiarism accidentally, because they are still learning the rules. Nevertheless, it is University policy that you are supposed to know what constitutes plagiarism, and are responsible for your actions. We hope the following material will help you learn those rules. 

If one makes extensive use of someone else's ideas, from a web page, a book, or even a conversation, and present the thoughts of others as if they were original to you, that constitutes plagiarism. There is an easy solution - you simply cite the source. The reasons we cite the work of others, in term papers and scientific papers, is to give credit to the work of others, to add authority to our claim (we aren’t just saying this off the top of our heads – someone did a careful study), and to be honest about our own contribution and role. Any substantial claim or argument that you make, if it evolved directly out of your reading of the works of others, should be cited.  Citation style is explained below. 

A perennial problem we all face is, how much to paraphrase, or rearrange the words of others. Often the original author stated her/his case well -- so why re-word it? You can keep the exact wording, but if you quote a sentence or paragraph directly, put that material in quotes, and add the citation. Usually you "offset" the quote. 

"The rain in Spain makes a stain" (Jones 1937). 

Usually, you will re-word the original material as you blend it into your own writing style. Then skip the quotation marks but keep the citation. (Stains often are encountered in Spain after rain [Jones 1937]). No sensible essay is simply a string of quotes, so re-structuring of source material is common. 

What if you repeat a few words or a phrase? This is a gray area. In scientific writing, which puts a premium on a concise style, there may be only so many ways to say the same basic idea. Don't worry about "lifting" a few words, if they are largely embedded in your own sentence, and you cite Jones (1937). 

Finally, there is, regrettably, intentional plagiarism. When someone takes a large amount of material, word-for-word, from another source, and does not cite the source, they are presenting someone else's work as their own, and this is a serious offense. Fortunately it is rare. We do wish to point out that experienced graders usually can spot these instances quickly. Web search engines allow us to search out key phrases, and in the past we have easily found the original source, with serious consequences for the offender. 

CITATIONS 

*We do not ever mandate a particular citation style, only that citations include a complete reference to the source and enable one to easily look it up. Thus, we are more concerned that a citation is valid than that all the periods and commas are in the right place.

Citing Web Sources: 
Harnack, Andrew and Gene Kleppinger. “Beyond the MLA Handbook: Documenting Electronic Sources on the Internet”. 1996. <http://www.falcon.eku.edu/honors/beyond-mla/#citing_sites> (3 December 1997) 

The last revision was 1996. I visited the site on 3 December 1997. 

This document gives more specific protocols for FTP sites, Telnet sites, etc etc. You can check it out if you wish, but the above format for WWW sites should cover most of your needs. 

Format For Literature Citations: 

Literature citations should follow the format below. For references not listed, refer to: 
CBE Style Manual Committee (CBE). 1983. Council of Biology Editors Style Manual: A Guide for Authors, Editors, and Publishers. Council of Biology Editors, Bethesda, MD. 

A journal or magazine article: 

Bryant, P.J., and P. Simpson. 1984. Intrinsic and extrinsic control of growth in developing organs. Quart. Rev. Biol. 59: 387-415. 

A book: 

Ling, G.N. 1984. In Search of the Physical Basis of Life. Plenum Press, New York. 

Chapter in book: 

Southwood, T.R.E. 1981. Bionomic strategies and population parameters. Pages 30-52 in R.M. May, ed. Theoretical Ecology. Sinauer Associates, Sunderland, MA. 

Technical report: 

Lassiter, R. R., and J.L. Cooley. 1983. Prediction of ecological effects of toxic chemicals, overall strategy and theoretical basis for the ecosystem model. EPA-600/3-83-084. National Technical Information Service PB 83-261-685, Springfield, VA. 

Newspaper article: 

Bishop, J.E. Do flies spread ills or is that claim merely a bugaboo? The Wall Street Journal. 1982 Nov. 4:1 (col. 4), 23 (col. 1). 

Personal communication: 

Jones, M.R. 30 February 1996. Personal communication. 

VIII. Approaching A Scientific Paper

You may want to use this page (or modification of it) as a handout for your students.

THINK BIG:
What problem or question does the work address?  What are the conclusions?










Scientific articles are not works of suspense.  The author should clearly and concisely identify the purpose of the work and the significance of the findings.  Being able to identify the main points of the paper is essential to understanding the analysis.

EXAMINING THE WORK IN MORE DETAIL

Is the background information sufficient and clearly stated?











Introductions and background information should engage the reader and provide the information essential for understanding the context of the research.  In general, the broader the author’s audience, the broader the background material will be.  Articles more technical in focus, aimed at specific audiences, may assume the reader has a certain amount of background in the subject.  

Keeping in mind the author’s likely audience, assess the foundation the author builds for their own work.  Are you able to identify questions that have led to the author’s work?

What are the objectives?

What questions or hypotheses does the work seek to address?

What is the general results of the work?

Do methods seem logical and thorough?  Can you identify any areas of potential improvement?

What are the major results of the work?

Is the data and analysis clearly presented?  Are the results presented pertinent to the questions being addressed?  
THINK BIG AGAIN:

Back to the conclusions….

Does the author clearly state his or her conclusions?  Are the conclusions you identified logically drawn from the results?  Would you draw different conclusions based on your own interpretation of the results?

Other things to look for:

Are ambiguous works or phases used?  Is the wording concise and informative?  Can you identify any biases the author may have that affected the research?  Can you provide any further suggestions you believe would improve the research?
IX. The Web “Poster” Term Projects

The term project will be one of the most challenging assignments for you and your students.  Your challenge will come during the last week of the course as you struggle to write and grade final exams, anticipating the long hours of project grading that lie before you.  Your student's challenge will likely come just a few days prior to yours, although with some skillful teaching you may be able to convince your students of the benefits of staying ahead of the lecture material and, your hardest task, to start on the poster project early in the semester.  The project is meant to be a semester long effort and should involve research, web or poster building skills, and group work.

Steps along the way:

1. Introduction to Research and Writing

In the past, the temptation to ignore the poster project until the last minute has been practically irresistible for both GSIs and students alike.  The Introduction to Research and Writing assignment was developed with that in mind.  The assignment is meant to prompt the students to tackle a question of interest to them with the intention of exploring possible poster project topics.  The practice in asking "good" questions, researching ideas, and working with sources and citations will more than pay off in the quality of the posters.

Likely, you will want to assign the Introduction to Research and Writing assignment during the lab in which you introduce the poster project.  Use the introduction of the Poster Project to thoroughly review the pertinent dates for the development of the project and, perhaps most importantly, to set the tone of the project as a serious research effort with high expectations both in level of development and attention to detail (e.g. in line citations).  For many of your students, this project will be the first exposure to research presentations at the collegiate level.  For that reason, you will want to provide them with as much detail as possible regarding scheduling and expectations for the project.

Citations 

When and how to use citations is sure to frustrate your students, and is likely to frustrate you as well.  Draw your student's attention to the references available from the course web page.  Obviously, other references are available.  A good on-line handout can be viewed through the U of M library page.

MLA Bibliographic Style - http://www.lib.umich.edu/libhome/guides.html
2. Project Proposal
After brushing up on research and writing, students will be asked to decide upon a topic for the Project, identify a group of 2-3 students (no more than 4 in any case), and post their project proposal in the form of a web page.  This continued practice in building a web page will pay off down the road.

Each project team is expected to develop a one-page proposal for their project, leading to the development of a presentation at the end of the semester.  Project proposals should be handed in on paper, so that the GSI’s can get together shortly after to talk about the proposals and which topics will be acceptable. Proposals should include (use the material on the web as a more specific guide):

1) The names of the members of the group 

2) A "working" title, description of the topic 

3) A “working” outline that will help the teaching staff (and your group) envision how you will approach the project and what major topics and subtopics you will focus on. 

4) A list of possible sources to be used (at least 3 of which are not web based). 

Take time to review the project proposals and provide encouragement and constructive criticism to each of the groups.  One or two groups may need a major overhaul, but most of the proposals will be a good start.  This is one of the last good chances to steer each of your groups in a productive direction.

Group Size 

A student wants to know if it would be acceptable to do a project independently or 5 people would like to work together.  

Certainly independent projects can be of the highest quality, and there are good reasons to allow groups of one.  Like many issues, you should decide with your fellow GSIs what the party line will be.  The group aspect of the poster project is intimidating to some students and exciting to others.  I would urge you to stress the group requirement early and often and try to emphasize groups of 3-4, for several reasons.  

1) Often the students who are most eager to work independently are the very students who could benefit from the challenges of group work.  

2) Some of the most impressive learning experiences GSI’s have seen in this course came from the ups and downs of the group assignment. 

3) It is difficult to assign grades to groups of variable size.  E.g. Is a 1 person effort held to less rigorous standard than a 4 person effort? 

4) From a practical workload standpoint, you will find it easier to grade 40 three person efforts than to grade 70 projects varying in group size from 1-5

3.   Final Presentation
The style of the final presentations is not set in stone.  Groups present their projects in the last lab session, which may be held in a different room in order to enable computer projection. These room reservations should be made at the beginning of the semester. Most groups now use PowerPoint for their presentations, and should be taught how to use the program to enhance their talk (rather than relying upon it and reading text off of the screen).

4.  Additional Thoughts
1.  Remind your students of the impending deadlines early and often.  Taking a few minutes at the beginning of each lab session to write out approaching deadlines, short and long term, will help to head off last minute complaints.

Introduction to Research and Writing assignment due

__________

Project Proposal due




__________

Finished Project/Presentation due



__________

2.  Encourage your students to use these on line references:

-Project Grading Rubric

-Citation Guide

-LS&A Plagiarism and Collaboration Guidelines

-Designing good presentations

-Generic Stella Models

-Sample Web Projects

3.  Although not formally scheduled into lab times, your students will likely benefit from a brief lesson on making oral presentations, even if the presentation is a 5 minute tour of a web page.  Public speaking is a new experience for most of the students and many will be quite anxious about the presentation.  Emphasize the importance of preparation, clarity of thought, eye contact, posture, etc.  Also emphasize the importance of staying within the time allocated (usually 8-10 minutes). 

X. Lecture-Based Homework Assignments

There are normally four of these assignments given in GC1. Since they may be given at different times each semester at the discretion of the professor, they are explained here in a separate section from the lab guides. These assignments are not usually announced ahead of time, and should show up on CourseTools as an assignment once the professor has announced it in class (they are usually due by the next class period).

1. Radiometric dating (van der Pluijm) – 5 points

This is a simple web-based exercise which, if completed, will produce a virtual “certificate” which students turn in online. This assignment is given after the “Clocks in Rocks” lecture.


http://vcourseware5.calstatela.edu/VirtualDating/files/1.0_ClocksInRocks.html


2. Virtual Earthquake (van der Pluijm) – 5 points

This works the same way as the previous exercise.

http://vcourseware3.calstatela.edu/VirtualEarthquake/VQuakeExecute.html
3. Residence Time Calculation (Kling) – 5 points


Students must practice their knowledge of residence time by doing a simple calculation of the residence time of something in their life.

4. The Role of Tropical Rainforests in the Global Oxygen Cycle (Kling) – 15 points

Description and Answer Key (from Fall 2001):
The statements discussed in class were that tropical forests are very important for the production of oxygen in our atmosphere, and that cutting down or burning the forests would cause major changes in atmospheric oxygen.  The question, and the homework assignment, was to evaluate the validity of these statements that tropical forests are important to the global oxygen cycle given the following information:

DATA:

(1)  Total amount of oxygen in the atmosphere = 1.19 x 1021 g O2

(2)  Global net amount of oxygen produced by photosynthesis on land each year = 1.06 x 1015 g O2/yr (tropical forests comprise 22% of that total).


{* Note that this amount is the long-term average of the net amount of oxygen entering the atmosphere after all production and consumption reactions (such as respiration by the plants and in the soils) have occurred.  This amount is essentially equivalent to the amount of reduced carbon produced in photosynthesis that escapes oxidation at the earth's surface and is buried.}

(3)  Amount of organic carbon in all tropical forest biomass =  206 x 1015 g C

(4)  Total amount of organic carbon in all land plants worldwide =  560 x 1015 g C

CONCEPTS:

(1)  Mass balance equation:  Net change = inputs + outputs + internal change


*  With respect to the effect of burning on atmospheric oxygen for this example, the internal change (chemical reactions in the atmosphere) is zero, the inputs (net oxygen production) are zero because we cut down all the tropical vegetation and it no longer can produce oxygen, and the outputs are equal to the amount of oxygen that is required to convert organic carbon (CHO) into carbon dioxide during forest burning.

(2)  RT =  Residence time = (total mass in the pool) / (input OR output rate)

(3)  Element ratios and chemical "stoichiometry" (the chemical balancing of equations):


CO2 + H2O  (  CH2O + O2 

*  Remember that one mole of reduced organic carbon from the right side of the equation requires one mole of molecular oxygen (O2) to oxidize it to form one mole of carbon dioxide on the left side of the equation.  But, we are dealing with grams of material, so we must convert from moles to grams.  The atomic weight of carbon is 12 g C/mol C, and the weight of molecular oxygen (O2) is 32 g/mol O2 (one atom of oxygen has an atomic weight of 16 g/mol).  Therefore, the ratio of g C oxidized to g O2 used in this equation is 12/32 = 0.375.  If you want to think of it the other way, then the g of O2 needed to oxidize a g of C is 32/12 = 2.667. 

APPLICATION OF DATA AND CONCEPTS:

(1)  Let’s start with the case where we burned up all of the tropical forests in the world.  In this case we need to oxidize 206 x 1015 g C.


(206 x 1015 g C) x (2.667 g O2 required / g C)  =  5.5 x 1017 g O2  used.

*  Now we must compare that net change to the total amount that is in the atmosphere.  

       (5.5 x 1017 g O2) / (1.19 x 1021 g O2) x 100%  =  0.05 % net reduction in atmospheric oxygen.

*  If instead of just the tropical forests we burned up ALL of the land plants on earth, it would only amount to ~0.13 % of the oxygen in the atmosphere.  These appear to be really small numbers, but, we need to have some point of reference to help us make sense of these numbers.  For example, if we wanted to see what kind of an effect this drop in oxygen in our atmosphere would have on humans, consider that the highest human communities live in the Andes Mountains at about 6000 meters elevation.  At this elevation the air is thinner than it is at sea level, and the air contains only 45% of the oxygen found at sea level.  So, if we reduce the oxygen concentration in the atmosphere by 45%, humans are still able to survive just fine.  That is a very large reduction compared to our ~ 0.1 % reduction from total biomass burning, and we must conclude that the burning of tropical forests, or even all land vegetation on earth, would have no effect on the amount of oxygen in the atmosphere that we have to breath.

(2) But what about the fact that the plants are continuously producing oxygen that supplies the atmospheric reservoir?  Would there come a time when the lack of oxygen production from plants would become important?  Because we are dealing with time in this question, we need to calculate the residence time of oxygen in the atmosphere using the net oxygen production for the whole globe as the input rate.  In doing so we get the following result:

  RT  =  (1.19 x 1021 g O2) / (1.06 x 1015 g O2 /yr) = 1.12 x 106 years, or 1.12 million years.

* This is a very long residence time, and because the net oxygen production of the tropical forests is only ~22% of the total on land, the residence time just with respect to tropical forests would be about 5 times longer or ~ 5 million years!  Basically what we have here is a very small input into a very large reservoir, and if we stopped the input of oxygen from tropical rainforests we would not see any effect in terms of a reduction in the atmospheric reservoir of oxygen for a very long time with respect to human life.  

*  Therefore, based on our analysis we must conclude that the statements about the importance of tropical forests and oxygen production were wrong; I mean, REALLY wrong (where did we hear that anyway, in the newspaper?  The Enquirer?).  Remember, however, that this "unimportance" is only with respect to the oxygen in the atmosphere.  Let's take for example the impact that burning all the land vegetation would have on the carbon cycle of the atmosphere.  We have 750 x 1015 g C in the atmosphere, and if we added through burning 560 x 1015 g C, we would almost double the CO2 concentration in the atmosphere immediately!  That would have a very profound effect on life on this planet.  There are of course many other reasons why we should preserve and not destroy tropical forests, as are discussed in the lecture on the tropical rainforest.

The take home point from this exercise is:

"DON'T BELIEVE ANYTHING THAT YOU CAN CALCULATE FOR YOURSELF"

XI. Instructions for Evaluations

Evaluation efforts in the Global Change courses are run through the UM Lessons. Feedback forms are all completed online, and the results seen by course staff will always be separated from students’ names. Since students will receive points for completing assessments, it is important for the accuracy of results and general student sentiment that they understand their responses will not be held against them by their instructors. The person in charge of processing feedback forms should not be any of the instructors of the class. GC Week evaluations will be emailed to instructors and GSIs at the beginning of each week prior to submissions. 

GC Week Forms

The students should be filling out one of these between every Friday and Monday lectures.  This not only gives the GSI an idea of the main points that the students took away from the lab, but also what they seemed to have missed. These are worth 2 points of the weekly lab grade, and should not be completed later than the deadline. Depending on how the submission system is set up, you may see the late submissions, and may give credit for them at your discretion (ie, the student had a legitimate technical difficulty).

Web Surveys

Students are required to complete two online term assessment surveys: one in the second week of class and one before the final. These help to improve the course with in-depth feedback and direct recruitment efforts by collecting demographic information. These are each worth 10 points, and students have one week to complete them (same rules as for GCWeek apply).

XII. Exam Preparation

There are many tools that have been implemented to help the students prepare for exams.  To begin, GSIs should open every lab up with an opportunity for students to ask questions that they have from the recent lectures.  Being a more informal setting, students feel more comfortable to ask questions that really have been bothering them.  However, you can also encourage your students to email professors outside of class if they choose. They will be more than willing to assist.  

The next tool is the self-tests after all lecture notes.  These self-tests provide the students with a feel for how many of the exam questions will be formatted, and in turn points out key areas that they need to focus on. The self-tests are not graded and no points are given for completing them. These questions are written by the GSI’s themselves. You should send 2-3 questions per lecture to the coordinator on a weekly basis (i.e., 3 lectures at a time). Please do so in a timely manner so that the students can take the self-tests soon after the lecture is given.

Finally, it is the GSI’s job to participate in review sessions before every exam.  A review sheet is handed out a week previous to this session, and has become the structure for many review sessions in the past.  The professors come with no structure in mind and leave it to the students to keep it going.  Because the review sheet always plays a predominant role, make sure the professors have a copy before they come to the review session!!!!  

All of these tools that are there to help the students also provide good feedback to the GSI as to how well the students are grasping the information that is presented to them.  Playing close attention can be fruitful to both you and your students.
Exam Writing

Previous exams will be distributed to GSI’s several weeks prior to each exam.  They are not to be relied on for future testing for the sole reason that these exams are routinely passed on from student to student.  However they do provide an example of the type of questions that have been judged to be fair, and what lecture material has been focused on in the past.

Devising new and creative exam questions is a challenge in this course. As GSIs, you are given the responsibility to create the exams.  The material can easily be broken up between you to devise questions, however the trick is successfully formatting an exam that is fair and weighs the examined lecture material equally.  To gauge a fair length for an exam, you may have to rely on the length of previous exams. However, the most important factor about making exams is to have the exam approved by the professors.  You may have hit on or missed information from their lecture that they deemed important.

In addition, give them plenty of time to review the exam.

Also to avoid complication, you may decide to make more than one version of an exam.  The questions do not have to always vary, but you may want to change up the order. By the time the first exam rolls around, you’ll be amazed at how many students actually are in the class!  Historically, all the seats have been taken up, leaving little space between the students.  In such close proximity, some students will always be tempted to check their answers with their neighbor.  Altering the order of questioning can reduce this temptation.  If it still occurs, ask the student to move to the front of the class.  A note on cheating and plagiarism can be found below.  It is nothing that can be taken lightly and does re-occur year after year.  Great strides have been taken to guide you and your students as to the policy of this course.

The grading of exams has previously been done as a group, and also individually.  It depends on your group of GSIs. To fairly grade the exam, in the past each GSI has graded their assigned questions across the whole class.  Each GSI grading their own student’s exams has been avoided in order to standardize the grading. If the grading is done individually at home, the essential factor is that the group sits down at some point and works through several answers to the questions. 

A curve on individual exams is not done. The point scale for each class is approximately 800 points.  Not until all points are added up at the end of the semester will a curve be considered.

Final Grades and The Reporting of these Grades

After adding all possible points together, the lab sections are aggregated back into one class list.  Assigning grades to these scores, by curving or not, should be done in collaboration with a professor.  It varies from year to year.  Historically we have scaled the highest grade to a perfect score, and then evaluated the point distribution.  You always hope that the grades will fall out in a fair distribution, with an average around 80%.  However it always makes the job easier to work with the professors to fairly break these scores into letter grades.

The reporting of Grades is the final step of this course.  Grading sheets are distributed to the different professors of the different schools represented in this course.  It is the GSIs responsibility to collect these forms.  The students are broken up into the different schools they registered under.  For AOSS students, the grade sheets will come from the School of Engineering.  Geology, Biology, and UC will come from LS&A.  SNRE comes from SNRE.  Filling in these forms is the simple part, after all the work it takes to get to the letter grades.  However be aware of the deadline that all grades need to be submitted by.

XIII. Thoughts on Discussion

Discussion sections in lab, whether they revolve around films, readings, or topics covered in lecture, allow your students to express their own opinions, ideas, and experiences to each other and to you.  This change of pace from the lecture/lab routine can prove more difficult to facilitate well, but is some of the most rewarding interaction you will share with your students.  Here are a few thoughts on ways to get the most from your discussions.

Encourage your students to express their opinions, pose questions to the rest of the group and politely contradict the ideas put forth by others.  Helping your students develop the ability and willingness to play the devil’s advocate will liven up your discussions and prepare your students for addressing complicated and multi-faceted issues.  

Your first challenge is likely to be empowering your students to speak their mind.  Your second challenge, provided your first one is successful, will be to encourage a lively discussion, while keeping some semblance of order and courtesy.

It’s desirable to encourage an atmosphere of open discussion with little structure, though you will be in the best position to judge the level of structure within which your group will work best.  The dynamics of your discussion will depend largely on the personalities within the group and the size of the group.  Larger groups can more easily turn chaotic, but just as easily can encourage a silence that no one person feels particularly compelled to break.  These moments of awkward silence are sure to occur.  If you or someone else has presented a question to the group that has been received with silence, don’t bail out the group right away with a follow up question or new thought.  It may take up to ten seconds of awkward silence, but someone is likely to put forth a response, often a very interesting response after a bit of a pause.  Some of your students may be reluctant to quickly blurt out a thought, but provided with a bit of time to muster up the courage, will offer the best responses.

Some days, depending upon your interest and knowledge of the topic, you may feel lucky just to stretch your discussion to fill the time allotted, even though your students weren’t particularly insightful or a few of your students dominated the conversation.  That being said, you should do your best as the facilitator to encourage your students to push for new insight in their discussions, and you should strive to pull each of your students into the discussion.  Your quieter students may be the most thoughtful, and may have much to offer the group.  Work hard to include them, without uncomfortably putting them on the spot.  You may want to make a habit of directing questions at individuals, rather than always addressing the group and waiting for the quickest response.  If your students know that you could address them individually at any moment, they are bound to be more alert. 

Important note on grading discussions: all GSI’s should agree on a grading scale for student participation in discussions.  In the past, some GSI’s have routinely given full points to students for simply showing up to class on discussion days, and this unfairly skews the curve at the end of the semester. Do not be overly harsh, but make sure that your students are earning their points by demonstrating that they did the readings and have a good understanding of the subject.

XIV. General Instructions for Fall Labs

The concepts covered in lecture are tied to the labs in GC I using a combination of computer exercises with Stella Dynamic Modeling Software, and discussions based on relevant films and/or readings.  The coordinator may provide you with a copy of the software for your home computer if you wish. The use of Stella is exciting within the context of this lab because it enables the student with little or no knowledge of calculus to build dynamic models of complex natural systems discussed in class.  Thus with a simple graphical interface the students focus on concepts and processes, rather than on the mathematics.

To add to this, students must become familiar with the internet as a research tool and a publishing medium. We challenge the students to search the web for relevant information to the lecture material and in turn each student is challenged to build a web page.  The combination of these exercises we hope motivates the students to apply Stella to their semester poster projects and publish their results on the web.  

Opening Day:

You will likely have plenty of "housekeeping" issues to attend to during your first meeting.  Students will appreciate time taken for introductions, of you and of them.  Explain your interests, experience, and background.  There are lots of good icebreaker-type activities to break down the initial awkwardness of being in a new group.  Students can conduct interviews of one another, or of the GSI. Have them fill out index cards with some of the following info:

Name:

Hometown:

Year at U of M:

Related courses taken:

What do you enjoy doing in your spare time?

What career path appeals to you at this point in your education?

Interviewing a classmate, as well, gives the students an instant connection to someone in the group.  Introducing that person to the rest of the group also is a good first cut at speaking to the group, in a relatively low stress situation.  It can also be quite entertaining to have groups of students come up with questions to ask the GSI.

During the first lab, you may choose to address all those little issues that are bound to raise questions early in the year (lab grades, exams, late homework policy, etc.). It is useful to prepare a personalized lab handout for this purpose. Make sure that all grading policies are consistent with those of other GSI’s.  A sample handout is on the next page.

Global Change - Lab Sections X and Y

GSI:







Office:






Email:







Office Hours:

Please feel free to email me if you have questions and cannot meet during office hours; we can always find a time that works well for both of us. 

Tips for Success
Notes

Print out the notes the day before a lecture is to be given and familiarize yourself with the notes before coming to class. Since the professors update their lecture notes with current material before giving the lectures, it’s a good habit to print out notes no more than one day before the class. In class, spend your time listening and highlighting or supplementing the notes.  Having notes available of the web is a huge advantage, but it might also decrease your incentive to study and stay alert during lectures.  Some students had a rude awakening last semester during the first exam, when they learned that the shear volume of material covered wasn't conducive to cramming the night before the exam.

Web

Check the web page frequently.  Do the self-tests at the end of each set of lecture notes.  Keep your eyes open for announcements.

Assessments

Through the course of the year you will be asked to fill out course assessments. These are taken very seriously by the course instructors, and will always be kept anonymous. While your name will never be attached to your comments, you will get points for completing the forms so remember to keep up. There will be no assessment forms accepted after the deadlines.

Grading

The labs are 10 points for each written assignment, 3 points for participation, and 2 points for the “GC Week” assessment, for a total of approximately 180 points, roughly 25% of the class grade.  Some labs will have no written assignment, and will be graded mostly on participation in the discussion. This means that if a reading is assigned for a discussion lab, you should come with questions or comments about it.

You should be able to do well in lab sections.  Prepare in advance when possible, participate, and come see me during the week if you have questions about your assignments. Proper spelling, punctuation, and grammar are important in all written work submitted for this class. If spelling is not your forté, USE SPELL-CHECK! 

Lab Attendance

We will usually meet in the same discussion classroom, and walk to an ITD computer classroom after talking about the lab. I will let you know if the meeting place changes for the following lab during the beginning of the lab, and what you need to do to prepare for next week, so please be on time. I will also communicate announcements and help on assignments through email. If you are unable to make your lab section, you will forfeit the participation points, unless you make arrangements with one of the GSIs to attend another section for that week.  Plan ahead!

Late Policy

Lab/discussion assignments for a given week will be due at the beginning of the following week's lab/discussion meeting.  Grades will be reduced by one point for each day late, unless you have spoken to me in advance about an extension. With good reason, I am happy to work with you so that we can produce quality work.
Term Project

We will spend time during lab week 5 going over the term web poster project. Until then, start thinking about getting into groups of 2-3 and what topics from the course you are interested in investigating. This project is worth as much as the final exam, so take it seriously and don’t procrastinate. Don’t panic if you are unfamiliar with making web pages. Come to my office hours or make an appointment with the course web staff. There is plenty of help and reference material available, but little sympathy for last-minute crises.

Plagiarism

No debatable line.  If there is any evidence of the copying or reproduction of anyone’s work in any of the material in which you turn in, then I will reward a zero for that assignment and always take the appropriate action according to the University of Michigan guidelines.  (Please be careful to cite all material taken from scientific references you will be using throughout the course.  If you have any questions about how and when do you site references, please see me.) There are references to help you abide by these guidelines on the course web page.

How to Approach the Course

The Topics

Global change is full of interesting and controversial topics like population, climate change, natural resource use and sustainability.  I hope that you all leave the course more informed than when you began.  At the same time, the course doesn't seek to convert everyone to environmental activism, or to turn out hardened skeptics.  One of the your challenges will be to become a realist, a critical thinker, able to look at all sides of an issue and form a responsible opinion, or seek out additional information.  Some of these issues are emotionally or politically charged and it is hard to know when, if ever, you are getting an objective opinion. 

Our discussions this year will be much more interesting if you come into the topics with an open, but critical, mind: and raise interesting questions to discuss with one another.  When we are discussing controversial issues, you should make an effort to be politely argumentative.  To understand an issue well, you must be able to examine it from all sides.  To successfully debate an issue with someone, you must know his or her positions well, or better, than you know your own.  Don't just agree with your classmates’ statements or mine.  Play the devil's advocate from time to time and we will all benefit.

The Instructors

You should feel comfortable approaching all of the GSIs and the professors involved with the course.  We are here to help you, and we actually enjoy hearing from you, the students.

XV. WEEKLY MEETING GUIDES
Lab 1:  Introduction to Internet Web Publishing and Course Software

Location: computer labs

Faculty: Ben van der Pluijm

Student Handout: GSI policies and lab 1 handouts
*GSI’s: Please read this section before the first meeting. For future labs, you should complete the lab on your own and read the relevant section of the teaching manual before coming to the preparation meeting the week before the lab.

Before meeting: 

-You will receive some documents and information from the coordinator by email.  Please pay special note to the grade spreadsheet, which must be sent to Ben and Lauren (globalchange@umich.edu) once a week. The coordinator (Lauren) will look at the grades and point out any possible discrepancies in grading, which is critical in a class this big. 

-You will receive a copy of the CD for installing the Stella program (please give it back at the end of the term!)

-Decide when you want your office hours to be.  Students can go to any GSI’s office hours.

At meeting:  (*The first meeting will take about 2 hours and will be held entirely or in part in a computer lab.)

-Administrative business:  Office hours, copying duties, etc. You are responsible for providing your students with a copy of the lab handout and any other handouts each week. Do not ask them to use their own printout to complete the lab, since last minute changes often occur, but it can be useful for them to read it ahead of time online. Info about making copies is in the contacts chapter of this manual. 

- GSI’s are expected to have run through the entire lab for the following week before each weeks’ meeting and bring questions or revisions.

-GSI’s should start writing 2-3 self-test questions for each lecture (see the chapter in this manual on instructions for lectures). Please E-mail these directly to Lauren no less than once per week. Please write in the subject line: “self-test for lectures (9/9-9/13)” using the appropriate date or dates.

Objectives:


Being the first lab, you will need to take the time to set up the structure of how you will run your lab and what expectations you hold for your students. See Opening Day for more details.

This lab is designed to introduce the student to the Stella Dynamic Modeling Program that they will be using throughout the course and the basic steps before building any model.  The use of the Easter Island population is one of the simplest dynamic systems to begin with.  The primary goal, besides building the students comfort level with the software, is to build a conceptual picture of the system before they begin the lab. If you manage to head off the confusion of the first lab, you will start the semester with a positive experience that will hopefully install confidence to tackle more difficult problems in the future.

You should also plan to spend at least 20 minutes showing students how to use CourseTools, and demonstrate the use of Frontpage (students will not do anything with Frontpage this week, but you should introduce them to it).

Preparations:

The main preparation for this lab is to build up your knowledge and skill in using Stella.  Although you can easily fly through this lab with minimal knowledge of the software package, you must get a quick start and jump ahead of your students. You will get a demonstration of Stella in the meeting before the lab, but it is VERY important to do the entire lab on your own before you teach it.

It also helps to review the basics of population biology.  Because the lab jumps a bit ahead of the lecture material, you will need to be able to explain to the students why there are limits to the population, and what factors might play a role in limiting population numbers.

Description of Lab:

Using a small population, the lab introduces both the foundational structure to building any model and the necessary tools used in Stella.  Although this may sound elementary, you will really want to emphasize the functions and basic ideas behind a Stock, Flow, Converter, and Connector.  Without this step, the student will be one step behind the whole semester without you knowing it and will struggle when the support is taken away from these lab exercises.  Encourage the students to take their time, and really experiment with the tools they are introduced to.

Sources of Information:

The Stella help icon can be a key point of assistance for both you and your students

Take-home Points:

Terms:


Stock


Flow


Converter


Connector

Procedures:


Graphing


Length of Simulation

Students should:

· Know what the six essential steps at creating a model are.

· Know what functions stock, flow, converter, and connector icons have?

· Have a conceptual knowledge of a basic population, with and without a carrying capacity.

· Have an understanding for j-shaped vs. s-shaped curves.

· Understand why the simplest model is always the best!!!

Logistics and Notes:

Historical problems that we have encountered in this first lab are basically conceptual.  The students are thrown directly into this new software package, and we hope they can at the same time grasp the basic ideas of a population.  Many students are weary of computers, and will really struggle to just grasp the logistics of Stella.  Your job is initially to help remove this fear, and then help them think conceptually about the system that they are modeling.  I’ve found that you really need to spend time during your introduction to approach the hesitancy towards computers.  They will see a lot of them this semester, and even the students that have been working with computers their whole life will want to blame problems directly on the machine.  It’s the easiest solution!!

I would recommend leading your students through the lab step by step, encouraging them to ask questions about what confuses them.  You will have a better chance of …

1) …getting everyone started off on “the right foot”

2) …giving your students an opportunity to manipulate Stella “with” you, at their computer.  Having your students do the manipulations as you demonstrate and explain, will help them retain the info.

3) …getting your students in the habit of asking questions

At the end of the exercise, check up on whether you really understand the concepts of the Stella tools that they used.  You might want to review what the stocks or converters represent within the population by returning to the original conceptual diagram that you introduced during your introduction.  (i.e.  students never understand the difference between standing stock and mass in a box or pool -- highlight that there IS NO DIFFERENCE, same thing, different wording).

Lab 2: Earth Energy Balance.

Location: computer labs

Faculty: BvdP

Student Handout: Lab 2 handouts

At meeting:

-Agree on the point distribution for the lab questions. 

After meeting:

-Remind your students about GCweek. The professors will stop reminding them and those 2 points every week can add up to make a big difference in the grades.

Objectives:

The first objective is to re-enforce the power of modeling with Stella and the tools that they learned last week.  The next is to demonstrate how this lab assignment ties directly into lecture material.  The great part about this lab is that it utilizes mathematical formulas mentioned in lecture and brings them to life.  Hopefully you can help remove the normal fear of computers and mathematics by demonstrating how simply Stella can utilize some complex formulas that drive a rather complex dynamic system.

Preparations:  

Review Stella basics.  Here is a really good website (recommended by former GSI Jo Opdyke) which you may find useful for reviewing the theory behind the model:

http://www.acad.carleton.edu/curricular/GEOL/DaveSTELLA/climate/climate_modeling_1.htm
Your introduction should clearly review the mathematical formulas used in this lab (i.e. R-Square Law and the Stefan-Boltzman law).  Understand where the equations are derived from, and how they are intended to function.

Description of Lab: 

This lab is a step up from what the students have learned in the first week, helping them apply information presented in lecture.  The conceptual picture is an easy one: the sun radiates energy towards the earth, and the earth radiates energy back out to space.  Make sure they understand the factors that are included in the model for radiation transfer.  In addition, remind them that the major assumption that we use for this lab (..besides the fact that we will not yet include an atmosphere…) so that a heat capacity can be calculated, is that the earth is covered in 1m of continuous water.  This makes our model a simpler one, and still allows us to get rather accurate temperatures.  

As we have said, the great part about this model is that it brings to life some of the math that has to be brushed over in lecture.  By including the equations for radiation laws and other physical properties of an early earth, the students will be able to see and hopefully understand their working function much easier. Review these equations before they get started and really stress their importance.  If they can understand what these equations were intended for and conceptually see how they work, then you have done your job.

As they learned in lecture, this final temperature is determined by a balance between the absorption of solar visible light and the emission of infra-red light.  If you go to Figure 5 in the lab handout, you can demonstrate how a balance of earth energy and earth to space occur at approximately the same point around the earth temperature.  This is all due to their direct relationship.

Take home points:

New Tools:


Ghost Icon.

New terminology:


Albedo


Heat Capacity


Solar Constant


Specific Heat


Sigma…Stefan-Boltzman Constant

Students should:

· Understand how Radiation laws mathematically describe the manner in which all objects emit radiation according to their temperature.

· Understand how the temperature of an early earth is a balance between radiation received by the sun and infra-red emissions from the earth.

· Understand how and why this temperature is predicted based on the fact that an atmosphere has not yet been created.

Logistics and Notes:  

Conceptually getting the students to understand the system has been, again, the historical problem.  In addition, we are hopefully working on removing the mathematical fear that most students have.  Although they really only need to follow instructions and punch in numbers, even this scares some students.  

The last challenge of this lab is to deter the students from getting frustrated with Stella.  This is a more complicated model and they will easily blame the computer and not themselves for not getting the correct results.  Try and help them through their problems while showing them the effectiveness and simplicity of Stella.

The students are always confused at the assumptions of a model.  They will characteristically give you numerical values that they believe may fluctuate.  However you want to stress to them that this is not what the question is looking for, but is trying to get at the more conceptual assumptions that are made by the model.

Question 4 to them seems very open ended and they will want to answer it with their first response.  Encourage them to spend time thinking about it and reading through their lecture notes.  

Refer to ‘Tips on Homework’ found earlier in this handbook.
Lab 3: Use of Geophysical Data: Topography and Earthquakes

Location: computer labs

*Remind students to come to discussion classrooms next week.

Faculty: BvdP

Student Handout: Lab 3 handouts
-Read the section in this manual on term projects and the relevant handouts online for next week’s meeting. These can be found at http://www.globalchange.umich.edu/globalchange1/current/labs/, at the bottom of the page.
Objectives:

This lab draws upon the Geology side of the course, while also introducing the idea that models can not be relied upon by themselves.  “We will see time and time again, that nature is vastly more complex than any model we can conceive of…Therefore, we will use data analysis techniques to complement our modeling work”(lab handout).  They have been working with Stella for two consecutive weeks, and while giving them a break from modeling we also want to introduce supportive tools to the modeling they have learned.

Preparations: 

The data analysis of this lab will require you to have a basic understanding of Excel (used to create histograms and carry out basic mathematical and organizational functions). Check to see whether the data analysis tool pack is down loaded on the appropriate computers.  If not, you can call ITD and have it done for you or just work your students through it in the beginning of class (approx. 5 min/student). Note that you cannot add the data analysis toolpak in the plugin version of Excel (that opens inside of Internet Explorer).

The second half of the lab requires a working understanding of LDEO-a data viewer used by a similar course at Columbia University.  It will take you and your students some time to work around the LDEO site and get a feel for what it can and cannot do.  You’ll find it is a great visual tool that can allow the students to look back into the past and into the future of ocean levels, atmospheric conditions, etc.

Description of Lab:

This lab will introduce the student to a new tool for data analysis: the histogram or distribution function graph.  This will provide the student with addition tools to complement the modeling work they have been introduced to through Stella.  Through these techniques, the lab will approach the Earth’s topography and the distribution of earthquakes. One of the great aspects of this lab is that the student will be working with actual data that they download of the web.  Pointing out the amount of data out there on the web, you can begin to encourage your students to think about their poster project.

The LDEO portion of the lab begins by visually reinforcing the data they worked with in Excel.  It then works with seismic data of earthquakes and volcanoes.  Begin by reviewing with the students where the major tectonic plates; this will provide them with a frame of reference to refer to when they’re working with LDEO.  I’ve found one of the best methods in this lab is to let the students experiment with this site.  They should be able to walk through the steps fairly easy and answer the appropriate questions.  In addition, you might want to give them some challenges that will demonstrate some interesting trends (i.e. how much does the sea level have to drop to connect the US to Cuba?)

Sources of Information: 

Ben’s lecture notes

Columbia’s web page where LDEO data viewer can be found.  http://www.ldeo.columbia.edu/

Take home points:

New Terms and Procedures:


Histogram


Bins


Medium, Median, and Mode


Topography and Bathymetry


Bi-modal

Students should:

· Understand that models are not the end solution to any problem.

· Have an understanding for the power of data representation through histograms and visually grasp the bimodal distribution of Earth’s surface elevation.

· Earthquake vs. Volcano.  Re-enforce the importance that they know where the major tectonic plates are located, and then be able to explain why and where the found a high concentration of earthquakes and volcanoes.  

Logistics and Notes: 

Running through this lab, it might take you, the GSI, no time at all.  However Excel will be a new software program to many of these students, and it will take time to work through it.  It is important during the beginning of lab to work through some of the basics of Excel. It helps to take another interesting data set and run through the making of a histogram while projecting it on the board. It will help to get them comfortable with Excel’s accessibility.  

They were just getting accustomed to Stella, and some students are intimated to know that is often times not enough.  Some students will struggle with getting a feel for Excel, which as you know is a large software package that they will only scratch the surface of.  Secondly, LDEO takes a bit of time to get a feel for.  They might spend a good deal of time working with it, but make sure they are not just looking at the pretty pictures and getting nothing from them.  Help reinforce the power of the data visualizer, and what the steps of the lab intend to get through to them.

Notes from former GSI Andrea Dutton:
Goals
I have talked about these things with most of you, but just to clarify: 

1)  Learn what a histogram is (including what the terms frequency and bin refer to) and how to interpret one. 

2)  Learn how to make a histogram in Excel and generally gain confidence in working in Excel, particularly for those who never have before. 

3)  Review the bimodal distribution of the topography of the Earth's surface and understand why it exists. 

4)  Observe patterns in earthquake activity, EQ magnitude and EQ depth as well as volcanic activity. 

5)  Learn how seismologists locate the epicenter of an EQ and how they determine the magnitude. 

Part I 

From what I understand, the main difficulty with this section of the lab seems to be making the histogram.  If you find that Data Analysis does not appear as an option under tools, then under Tools, select Add ins... and a dialog box should appear.  Check the box next to Data Analysis Pak and select OK.  This should load the Data Analysis Pak to the computer.  Once this is loaded, you should be able to follow the instructions as written in the lab. 

Part II 

As for the histograms of other functions, it may be helpful to show them what each of these plots looks like (not the plots of the histograms, just of the functions) so that they have some understanding of them.  Then ask them to try and predict what the histogram would look like for that data set.  Before they move on from this section they should understand why the histogram looks the way it does for that data set.  This is one of the main goals of the lab--that they are able to interpret histograms and understand the information being conveyed. 
  
Also, since several of you have asked, A Gaussian distribution is the same thing as a normal distribution, i.e., a theoretical frequecy distribution for a set of variable data, usually represented by a bell-shaped curve symmetrical about the mean. 

Whenever they download data, tell them to pay attention to where they are saving it so that they can find it again when they want to open it into Excel to make a histogram. 

You may find the following useful to show to the students at the beginning of the lab. 

A Few Data Sets for Consideration 

This is a plot of a Gaussian distribution:
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 This is a plot of a sinusoidal function: 
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This is what a noisy step function looks like: [image: image6.jpg]1500
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Histograms (for your reference, not to be shown to the students--let them come up with these....) 

This is what the histogram of the Gaussian distribution should look like: 

[image: image7.jpg]Histogram

a1

8025, 8887
699818 EVET
67.6.8'86L1
680V6 €5T)

5090200 602
11ZEA0 PR
BT8G5 086"
/9118 526"
L0BESL0LYL-
1p1Z6BI'GL00-
986089 0857~
978695 5016~
599805 0596~

fousnbaig

Bin





This is what the histogram of the Sinusoidal curve should look like: 
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This is what a histogram of a noisy step function looks like: [image: image9.jpg]Histogram
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Lab 4: Climate Change and Biodiversity: Video Viewing and Discussion, Intro of Poster Projects

Location: discussion classroom

Student Handout: 2-page paper assignment and citation guide

*Remind students about the review session next week.
At meeting:

- Decide on a grading scale for participation in the discussion about the movie.

- Most of this meeting should be used to talk about the term projects and the 2 page paper assignment. Spend time talking about what is and is not acceptable for projects. The main rules are:

1. Must be very specific

2. Must be appropriate for GC1, i.e., must relate to some concept covered in a GC1 lecture or lab. This means that they should be “natural science” focused, although this can be a fuzzy term.

-Go through the timeline of due dates for the term project, for students AND for GSI grading.  Students should have about 2 weeks for the 2-page paper assignment, then should start getting into groups and write a proposal by 1 week after the assignments are returned. The presentations are due the day before they present, and projects must be finalized by noon on the Friday of the presentation week. Take into consideration the exam schedule, and when students have to turn in lab assignments. Ideally, students should not have anything due the week of an exam.
Part I

The Warnings from the Wild movie is about 1 hour long. Please read the description on the GC web page and browse through the two links provided for ideas on discussion topics. Plan to spend about half an hour discussing the movie, and then the last 15-20 minutes on part II. We own 2 copies of the Warnings from the Wild movie, so you will have to coordinate with the other GSI’s. It is critical that the GSI’s agree on a grading scale for participation in the discussion and do not give all students credit simply for showing up. This will skew the grades at the end of the term and will cause all of your students’ grades to be lowered by a corrective factor.

Part II

Please refer to the chapter of this manual on term projects. You should also read the relevant handouts and look at the sample projects from previous years on the web. Come to the meeting prepared with questions or clarifications. All due dates will be decided during the meeting.

Note on plagiarism: It is our policy to systematically check papers for plagiarism. You should be checking this by copying and pasting any suspicious text into a web search engine (Google.com works well). It works best if you put in one sentence or a large fragment of a sentence, in quotes, into the search field. If evidence of plagiarism is found, bring it to the attention of the lead faculty for the course. Small amounts of plagiarism usually only warrant point deductions, but bad cases (i.e. entire paragraphs copied) are brought to the attention of the Assistant Dean.  
Lab 5: Natural Selection and Mutation: The Peppered Moth Example

Location: computer labs

Faculty: Dave Allan

Student Handout: Lab 5 handout and readings for next week (“Breaking the Global Warming Gridlock” plus recent news articles)

**The meeting for this lab should be a prep meeting for BOTH this lab and the following lab (Role of Science in Policy readings and online discussion). GSI’s please read the entry for next week’s lab as part of the prep for the peppered moth lab.

Objectives:

The main point of this lab is to introduce how a changing environment can alter the genetic make-up of a species and lead to the natural selection of advantageous phenotypic traits.  The lab utilizes the Hardy-Weinberg principle that is not normally covered in lecture.  It is your job to demonstrate the working power of this theory.

Preparations:

The first step for you is to brush up on the foundational principles of genetics, and have a good understanding of the terminology used in this lab.  Although the lab is not as specific as part of Dave Allan’s lectures, the students will have many specific questions to help them better understand the peppered moth example.

Secondly, be able to teach the theory of the Hardy-Weinberg principle and how to use the equation to solve problems of natural selection.  This is not taught in class, however it is essential that the students understand this principle.  After explaining the theory behind it, run the students through a few problems!!!!

Description of Lab:
In class the students have learned that “The core of Darwin's theory is natural selection, a process that occurs over successive generations and is defined as the differential reproduction of genotypes.  Natural selection requires heritable variation in a given trait, and differential survival and reproduction associated with possession of that trait.”  They have also been introduced to the example of the Peppered moth and the adaptation of body color to camouflage individuals with the effects of sulfur dioxide pollution. 

This lab has them model a population of these Peppered moths using the Hardy-Weinberg principle, simulating the effects of differential predation pressures within this changing environment.  From the introduction, the students are told that a single gene controls body color of the peppered moth.  Thus allowing us to use the Hardy Weinberg principle, the model is able to incorporate the genetics of moth body color into a model of population dynamics.  

Sources of Information: 

Dave Allan’s lecture: Evolution and Natural Selection

Take home points:

New Terms:


Alleles. Dominant vs. Recessive.


Genotype vs. Phenotype


Homozygous vs. Heterozygous

New Procedures:


Time function within Built-Ins.

Students should:

· Understand how natural selection works.  Realizing it is a change in genotypes; success being determined through the differential survival and reproduction associated with the expressed phenotypes.

· Have a working understanding of genetic terminology and the Hardy-Weinberg principle.

· Understand the difference between Stabilizing, Directional, and Diversifying Selection.  Which is the peppered moth an example of?

Logistics and Notes:

The model is structured a bit differently than previous Stella exercises, but uses primarily the same tools they have already been taught.  If you look at the diagram of the model, a model of ‘total moths’ is facilitated by incorporating three ghost stocks of the different genetic frequencies and works them into a smaller, dependent model.

A few functions that this lab asks the students to perform that have not yet been introduced.  i.e. running the model with a changing pollution rate.  Review these with the students before they begin.

Probably due to the gap of time between Stella labs, this exercise has given some students problems in the past.  In addition, they are not as hand fed by the write up. Caution students to take their time and to thoroughly think through the lab before hand. Those that launch into constructing without thinking about it will be confused before the end of this lab.  

Lastly, it is helpful to have the students all solve a Hardy-Weinberg problem before they leave the lab so that you can see how much they picked up from your introduction.  This is always a perfect exam question.

Question Answer Key: (numbers may not correlate directly)

1. The phenotypic responses for the different scenarios represent the direct evolutionary impact of pollution on a peppered moth population. In the first scenario, the environment is better suited for the survival of light colored moths (since there is no pollution, and the trees are lighter). Therefore, the light moth population keeps increasing in this scenario while the dark moths die off. In the pollution scenario, the opposite trends occur due to a darkening of the trees from pollution, increasing the dark moth population while the light moths die out. However, as the pollution is removed from the system (scenario 3), the dark moths start dying while the light population begins to flourish (because the light colored lichens on the trees begin to grow again). The graphs for the phenotypic responses in each scenario are logistic curves, which level off at certain frequencies corresponding to the new predation patterns.

2. The genotypic responses are the secondary impacts of pollution. The natural selection of dark and light moths leads to changes in the frequency of certain genotypes, since organisms whose traits enable them to survive and reproduce will contribute a greater number of offspring to the next generation, which will posses the genes of their parents. This is why the curves for genotypic response are exponential, since each successive generation will possess a higher frequency of the advantageous genes. In scenario three, the two dark alleles peak before fifty years, and then decline as the dark moths start dying. The curves decrease less sharply than in the other scenarios since pollution declines instead of being completely cut off. Thus, natural selection is not as extreme, giving the gene pool more time to adapt. However, some white moths are allowed to persist in the population when pollution levels are high because heterozygous (dark) moths can produce homozygous light moths.


3. In this model, we have made the assumption that the moth population consists of equally well reproducing individuals that survive equally and reproduce at the same rate. For the purposes of studying general trends in light and dark moth survival, the assumption is reasonable since moth behaviors and characteristics are not very complex. 


4. If pollution levels fluctuated wildly, all three genotype frequencies would decline. The abrupt changes in selective pressures would not give the population time to establish a new, more successful gene pool before those genes become inferior, causing all moths to die.
 

5. If a mutation occurred in the population, which impaired the post-zygotic viability of homozygous recessive moths, and this mutation became frequent in the population through genetic drift, then white moths would most likely become extinct. 

Lab 6: The Role of Science in Policy 

Take-home reading assignment: “Breaking the Global Warming Gridlock”, Atlantic Monthly (June 2000) plus other recent news articles.
Faculty: Dave Allan, George Kling
No labs meet because of fall break.  Students should read the articles and contribute a discussion item to the CourseTools online discussion feature during week 7.  The GSI’s should decide together what the minimum word requirement will be (CourseTools counts the words for them), but this should be somewhere between 100-150 words.  These discussion responses will be graded on usual criteria (understanding the article, showing they read it carefully, and use of correct spelling and grammar). Encourage students to read each others’ responses and comment on them. Each lab section should have its own discussion item to respond to.

Each GSI should come up with at least one question for thought on the article and bring it to the meeting the week before lab. Students may have the option of addressing one of the questions in their response, or can come up with their own reaction.

The following is material presented in lecture by George Kling related to this lab:

"The criteria of solid reasoning":

1. Clarity

2. Accuracy

3. Precision

4. Relevance (e.g., scientific info may be clear, accurate, and precise but not relevant to the question).

5. Logic

6. Breadth and Depth.

All 6 of these criteria fit into a general group called "Evidence".  Once you have some evidence about a question or problem, then you must "apply" that evidence.  The application of science to problems includes:

1. Gathering Evidence

2. Defining assumptions (related facts accepted as true without proof)

3. Describing points of view (making sure that breadth and depth are covered)

4. Defining a "Purpose" -- what do you want to find out or gain or answer in the end?  Do different people or lobbying groups have different purposes?  Are they biased in a particular way?

All of these aspects of gathering and assessing the quality of data, then applying the data in real-world situations and accounting for assumptions or biases, is part of the role that science plays in our society.

Lab 7:  Predator-Prey Relationships.

Location: Computer labs

Faculty: Dave Allan

Handout: Lab 7 handout and project proposal handout
Objectives:

The main point of this lab is to get the students to model a simple predator-prey relationship, and to understand the relationships between each population.  While the example of the fox and hare has oscillatory dynamics, it is important that you review other examples of stable relationships and the forces that facilitate ‘stability’.

Preparation:

To understand the basics of mathematical models for predator-prey systems- Lotka-Volterra Models.   These equations should help the students better understand the relationships between the fox and rabbit populations (i.e. What normally stabilizes a predator-prey relationship.  What do we expect if we remove all these stabilizing forces).  You should walk them through these equations, and then build with them a conceptual diagram that will assist them in building their actual model.

Description of Lab:

This Stella lab removes the support that has been provided earlier in the semester by only providing the necessary information verbally.  It helps to walk the students through converting the necessary information into symbols.  By the time the introduction is over, you and the students should have actually worked through the bulk of the logistics necessary for developing this lab and have a well thought-out conceptual diagram.

Another key point is that your introduction reviews the expected dynamics of a predator-prey systems.  “Mathematical models and logic suggests that a coupled system of predator and prey should cycle: predators increase when prey are abundant, prey are driven to low numbers by predation, the predators decline, and the prey recover, ad infinitum.”  Thus after completely the conceptual diagram, the student should understand what will be the resulting dynamics.

The mathematics of this lab are fairly similar to the Guppy lab.  Use this lab as a good reference for the students. 

Take Home Points:

· Predation, a "+/-" interaction, includes predator-prey, herbivore-plant, and parasite-host interactions. These linkages are the prime movers of energy through food chains and are an important factor in the ecology of populations, determining mortality of prey and birth of new predators

· The students should have an understanding for why a predator-prey relationship would cycle without stabilizing forces, and what are the forces in nature that normally stabilize these relationships.

· Link back to the previous lab and the fact that predation also can be a strong agent of natural selection, as we saw in the case of the peppered moth.

Logistics and Notes:

The primary problem that has been encountered in the past is the student’s confidence and their ability to build a model from the selected information that they have been given.  Many students struggle when you remove the support that they have been accustomed to.  Encourage the students to work together to solve their problems, and attempt to help the students solve their own logistical problems with the model.  

How well the lab works is also a function of the introduction and the conceptual diagram that they build during the introduction.  After the introduction, the students should know their end result and be able to interpret the end results that their will hopefully produce. 

The most difficult part of building both the conceptual diagram and the actual model has been to get the students to grasp that the fox reproduction is directly affected by the number of rabbits (the rabbit stock) and the fox predation rate, while the rabbit death rate is only controlled by the actual number of foxes (the fox stock).  It is important to drive home that fact that population numbers ( or stocks) can affect the population. The students have become to accustomed to always implementing converters to inflows or outflows, and have not yet seen a stock connected to either the inflow or outflow.

Question Answer Key: (Numbers may not correlate exactly.)


1. According to this mathematical model of predation, the growths of predator and prey populations follow a cyclical pattern. Since the initial rabbits outnumber the foxes, they exhibit exponential growth until the foxes start increasing in number (due to the increasing abundance of food). The rabbit numbers peak at about 80 years, then decline as the fox numbers continue ascending to peak about 20 years later. Then, both populations decline to a point where both populations are very low (almost extinct), and the cycle repeats itself.

2. For all the predators to die, the number of rabbits would have to diminish as well. If the model is run with fewer prey per predator (decreasing the initial ratio of 1000 prey for 5 predators), the time it takes the prey population to “rebound” gets longer, increasing the intervals between growth cycles. Theoretically, for all of the foxes to die, the population would have to become less than one fox (in mathematical terms). This occurs after 345 years when 50 rabbits and 5 foxes are initially introduced.

3. For all of the rabbits to die, the initial prey/predator ratio (1000prey/5predators) must be decreased by increasing the number of foxes. If 750 predators are initially introduced to 1000 prey, it will take 82 years for all of the prey to die. In this scenario, the populations never experience increases in growth because there are too many predators, and thus the predators eventually run out of food and die as well. The real effect on the foxes is not represented due to the fact that the mathematical model considers a population below one as still having the ability to rebound (when in real life it would be extinct), therefore the rabbits would rebound before all the foxes die, giving them food again and preventing a fox population of less than one in the model.

4. The introduction of a carrying capacity into the model changes the dynamics of the scenario by limiting the growth of prey. Since a restriction is put on the predators’ food, the growth of foxes levels off at a rate proportional to the limit in prey growth. As a result, instead of the peaks in the graphs getting bigger with each successive cycle, the numbers at which the animal populations peak remain constant. This is displayed in graphs 1 and 2, with the relationship between cycles represented by a dotted line.

5. The addition of plants to the simulated relationship between rabbits and foxes puts an additional limiting factor on the rabbit population. Rabbits are now limited by the food available (in the same way that the foxes are limited by the number of rabbits) and by the number of predators. This is a representation of three trophic levels of a food chain. The autotrophic plants are the producers, and their growth is limited by the available sunlight, nutrients, water, and CO2. 


6. The graphs of plant, rabbit, and fox populations display one cycle of the typical predator-prey oscillation pattern over a ten-year period. First, the plants increase in numbers, which increases the food available for rabbits and therefore the rabbit population increases (which naturally decreases the number of available plants). As the number of plants decreases, the rabbits begin to decline, which decreases the amount of food available to the foxes, which causes fox numbers to decline. It takes the animals (foxes) at the top of the food chain longer to decline then it took the organisms below it, since although reproduction slows down, the only factor affecting fox death is natural mortality.

Lab 8:  Analysis of Vostok Ice Core Data

Location: Computer labs

Faculty: Perry Samson

Handout: Lab 8 handout
Objectives

This lab examines the raw data, which first showed a strong correlation between CO2 and temperature, which they talked about in the Warnings from the Wild movie.

Logistics

This used to be an honors lab, but has been simplified in order to give all the students experience with raw data in this field. GC1 students, especially the freshmen, typically have never used Excel. Please take time at the beginning of the lab to demonstrate the different techniques (making graphs, etc.).

Answer Key (Numbers may not correlate exactly. Use this as a rough guide.)

Part 1

1. The shallowest data point is at 130 m and the deepest is at 2,060 m.


2. At a depth of 1,000 m, a bubble of gas is 4.15 thousand years younger than the ice around it. This occurs because bubbles of gas can only be trapped effectively in layers of older ice, which are below the surface. When the pores of the ice close, the newer gas is trapped in the older ice.


3. In the different regions of the curves for ice and gas ages, there are different regions where the slopes get steeper and then decrease and then increase again. The different slopes are due to the pressure on the bottom layers of ice, which causes the volume to spread out (like tree rings).
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Graph 1
Part 2
-The delta temperatures change with the deuterium isotope ratio due to the dependence of preferential evaporation of heavy hydrogen on temperature.


3. In this data, climate varies by about 12 degrees C.


4. The small dip in the data is due to the Younger Dryas, when a sudden cooling interrupted a general warming trend, which lasted about 700 years. (see Graph 3)

5. The last glacial maximum was at an ice age of 81.47 ka, and the last glacial minimum was at an ice age of 61.63 ka. These roughly correspond to peaks and dips in the Milankovitch data for those times. At the glacial maximum, there must have been several kilometers of ice where there is no ice now. At the minimum, farming may have been possible very far up north, such as in Greenland.
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Graph 2
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Graph 3
Part 3
6. Temperature is positively correlated with CO2 and CH4, whereas dust is negatively correlated with these factors. A possible explanation is that a decrease in temperature would lead to an increase in dust, because land would lose its moisture. 


7. The two major warming events occurred about 7,140 and 131,570 years ago. From the lab data, it is difficult to tell if greenhouse gases or temperature increase first (see graphs 4 and 5). It seems that temperature peaks usually occur after CO2 and CH4 peaks, such as at 136.8 ka in ice age, when CO2 peaks, and temperature peaks at 131.47 ka. The difference in times between these is 5.33 ka. Although there is definitely a positive correlation, CO2 increases cause and are caused by temperature increase. This is due to the release of CO2 from sinks such as oceans, forests, and tundra. Also, the fact that the gas bubbles are younger than the ice around them may affect these calculations. The implications of determining the causal relationship between greenhouse gases and temperature changes are that policies which regulate greenhouse gas emissions are dependant on this knowledge. In order to assess the benefits of a policy, the government must be able to weigh the benefits and potential losses, such as economic troubles.


8. Concentrations were different during the glacial time due to the lack of an anthropogenic presence. The warming which occurred was normal and followed the Earth’s natural cycles, as opposed to today’s human-induced radical changes.
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Graph 4
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Graph 5
Part 4
Last glacial max: 
81.47 ka, 
CO2= 220.39 ppm, 
CH4= 504.24 ppb

18th century: 

4.26 ka, 
CO2= 274 ppm, 
CH4= 666.93 ppb

Today:




CO2= 360 ppm,
CH4= 1600 ppb

Last max18th cent: 
CO2= 53.61 ppm,
CH4= 162.69 ppb (over 77.21 thousand yrs)

18th cent today:
CO2= 86 ppm,
CH4= 933.07 ppb (over 200 yrs)

9.The changes between the 18th century and today are significantly higher than those between the last glacial maximum and the 18th century. This shows that the Industrial Revolution and the use of fossil fuels have had a huge impact on the composition of earth’s atmosphere. Over a period of several hundred years, more greenhouse gases have been added to the atmosphere than it took nature to do in 77 thousand years.


10. Temperature is better correlated with CO2 than with CH4. This might be due to the fact that CO2 is more involved in positive feedback mechanisms such as carbon sinks (mentioned in question #7).


11. The past relationship between CO2 and temperature predicts that today’s Vostok temperature should be about -48 degrees C, which is 7.329 degrees warmer than the temperature at the top of the core of -55.329 degrees C (See graph 6).
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Graph 6
Questions for Thought
1. In the future analysis of ice cores (10,000 years from now), a scientist would expect a very much larger rate of CO2 increase (assuming business as usual), corresponding to a disruption in the natural patterns of the past 180,000 years. Also, there would most likely be less samples of ice cores to study due to the melting of glaciers from global warming. 


2. During the last glacial maximum, climactic conditions were characterized by much cooler temperatures and massive glaciers covering the Earth. Where there is no ice now, there must have been layers that were several kilometers high. This is caused by Milankovitch cycles (changes in earth’s orbit) and solar variations.


3. The anthropogenically induced changes in temperature, carbon dioxide, and methane since the 18th, century have been greater than the naturally occurring changes which occurred during the glacial/interglacial periods of the past 180 thousand years of ice core data, which is demonstrated in part four of this lab.


4. The predicted warming at Vostok is less than the global temperature increase since the Industrial Revolution due to the burning of fossil fuels and release of greenhouse gases into the atmosphere at unprecedented rates.

Extra Credit

The Vostok temperature plot seems to correlate well with the insolation data. In most cases, the peaks of temperature occur after the peaks of insolation. Also, The insolation curves are much smoother than the temperature curve, which is most likely due to seasonal temperature variations. The insolation data, which is all taken in the month of June, varies more the higher up north the measurements are taken. The Vostok temperature correlates best with the 90N data, which helps prove the relationship since Vostok is closest to this location.

Lab 9:  Exploring Temperature Change

Location: Computer labs

Faculty: Perry Samson

Handout: Lab 9 Handout and presenting/turning in term project handout
This lab is pretty straightforward and very well explained in the handout. 

Technical Notes:

· In previous years, the lab web page did not show up in Netscape, so be sure to have students access it in Internet Explorer instead of Netscape.

· Many of the stations won't have data for some of the months for every year.  If the student's have obviously picked places lacking in lots of data they should probably pick a new station.  However, if there are just a few, they will need to delete all the "999.9's" that show up in the excel spreadsheet where there isn't any data.  This can easily be done with the Find... Replace function


· The standard deviation is sometimes not automatically computed at the bottom of the monthly plots, and students will have to calculate this on their own using Excel. You should demonstrate for them how to do this at the beginning of lab.

· Sometimes students have trouble accessing the entire spreadsheet because they did not go through the entire WinZip extraction process correctly. Go through this process with them as well.

Lab 10:  Atmospheric Ozone Depletion. 

Location: Computer labs

Faculty: Perry Samson

Handout: Lab 10 Handout
Objective:

To conceptually better understand the problem of ozone depletion and to examine some alternative scenarios for CFC emissions.  The lab is intended to support the lecture material on the reasons why ozone depletion in the stratosphere threatens our way of life.

Preparations:

The pre-built Stella model is far more complex than anything the students, and maybe you as a GSI, have seen to this point.  Take the time to review how this model was put together, and its power for projecting future scenarios.  The students will have many questions on navigating their way through the structure of this model!!!!

The lab handout is very thorough this time around.  Make sure you have a working understanding for the information that is presented in this handout.  You as a group of GSI’s might also want to take the time to add some recent developments to the Ozone timeline.

Your introductions might want to include a review of the mechanisms of ozone depletion in the stratosphere, and how long chlorine is believed to affect ozone.  While it is covered in lecture, this is a good topic for review.

Description of the lab:

The first part of this lab is developing the history of policy behind changing levels of ozone in the stratosphere.  It helps if you really walk through the information presented by the handout.  This insures that the students spend the time understanding the history of this lab exercise and will help them form their own opinions at the conclusion of lab.

The modeling portion of the lab really walks the students through, step-by-step, chronologically.  They begin by modeling stratospheric ozone concentrations with no reductions in production or emissions of chlorine compounds.  The lab continues to walk the students through the modeling of the Montreal Protocol, London Amendments to the Montreal Protocol, and then the Copenhagen Agreement. By the time the students are through the lab, they should have formed their own opinions as to whether these protocol’s and amendments were satisfactory, or whether they believe more extreme measures need to be taken.

The lab, being the last, should conclude with a short discussion of the lab exercise.  They have finally been introduced to some policy measures and then asked to model their effects, thus after a whole semester they should easily be able to form opinions.  Hopefully they should be able to run the discussion and share some thoughts on the lab.  The handout gives them multiple questions to address.

In addition if you have time, this might also be a good opportunity to have a final discussion with your students on the course as a whole.  Document some of their thoughts on the semester, and the suggestions they might have.  Often times, they are more willing to share ideas in a discussion rather than writing them down on one of the many written reviews that we ask them to fill out.   It should also be your job to inform them that this lab is a great transition to the second semester that deals with the human aspects of global change and some of the policies implemented to deal with the problems that we have historically encountered. 

Take Home Points:

· The students should have a working understanding of the chemistry that controls the ozone layer, and the seasonal trends that it characteristically goes through.


· Understanding the characteristic life for CFC’s in the atmosphere.  What are some of the potential effects of depleted ozone?


· The students should also have a good feeling for the policy measures taken historically, and as a class or individually put together suggestions for future policy measures.

Logistics and Notes:

It is extremely important that you review the mechanism for both how ozone is created and how it is broken apart by Cl-.

The students really enjoy this lab because they are finally introduced to the policy side of a subject they have encountered throughout the semester.  While a few students have problems operating the model with three different levels, a good introduction can avoid this and make this a really enjoyable exercise to end with.  If you give enough time at the end, the discussion can be very fruitful.

Answer Key:

	Scenario 
	% Production
Cutback (1996) 
	Ozone
Molecules 
	Chlorine Radicals in Upper Atmosphere 
	Skin Cancer
(Cases / Year)

	A. No CFC
Reduction 
	0% 
	  848,252.778
	15,023.4
	19,311,870.8

	B. Montreal
Protocol(1987) 
	50%  
	1,555,527.6
	8,782.5
	18,857,640.1

	C. Copenhagen
Amendments to
Protocol (1992) 
	100% 
	10,071,756
	2,541.7
	5,000

	D. Health-based
Standards 
	  99.48313%
	9,951,081.86
	2,606.2
	300,000 


Lab 11: The Global Carbon Cycle.    

Location: Computer labs

Faculty: George Kling

Handout: Lab 11 Handout and Lab 12 (take-home) handout on the Hydrological Cycle

*Since this is the last lab before student presentations, spend about 10 minutes telling students what you expect for presentations (length, visual aids, etc.). Students should have their presentation completed and saved on the web the day before they present. Refer them to the primer on designing good presentations on the web.
Objectives:

By this point in the course they will have heard enough about rising carbon dioxide levels and will most likely have a good grasp on the carbon cycle.  This lab integrates both data analysis of real data using Excel and modeling techniques of Stella.  Through this lab we hope to visually demonstrate the effects of possible carbon dioxide induced climate change.

Preparations:

The tools of this lab have all been used in previous labs.

It might help the students if you knew a little bit about the original goals of the Keeling at the Mauna Loa research station and how this data has helped us better understand atmospheric gas levels.

Also the introduction, as always, will require you and your students to build a conceptual picture of the carbon cycle.  As with the previous labs, reviewing notes and the suggested sites will provide the students with a schematic diagram of the cycle.

Description of the lab:

The first part of this lab draws on actual data collected at Mauna Loa, Hawaii on atmospheric carbon dioxide concentrations.  Using Excel, the students produce a graph with the data they are given that they will attempt to mimic later using Stella.  As has often been the case, the students are given the end result before they begin their model.  However this time, they will be asked to carry out further manipulations to see how this original graph may be altered by projections into the future.

The second part of the lab is modeling the carbon cycle, and altering the anthropogenic factors within the model.  This will hopefully help the students to understand the different dynamics of human-made affects on the global carbon cycle and the link to global climate change.  As well the lab poses a question approached later in lecture, ‘What are some of the possible ‘unknown sinks’ for carbon?’.  Hopefully the model will help them make their own educated guess.

Take Home Points:

· To have the students be able to identify some of the controls for the global carbon cycle.

· From the period of 1958 to the present, global atmospheric concentrations of carbon dioxide have been increasing at an alarming rate.  While the causes cannot be narrowed down to one source, there are many anthropogenic factors that appear to be contributing to this problem.  What are they?

· While the student is asked to develop some projections into the future by manipulating the values of anthropogenic factors, you should have them considering why and how some of these projections will alter our current way of life. What might be some of the first affects that we as humans identify? What are some of our options in regards to policy?

· The students should spend some time considering the question whether plants can take up the extra CO2 we are putting into the atmosphere? 

Logistics and Notes:

By this point, the students are well accustomed to Stella….or just numb to it.  The Excel portion of this lab is straight forward, and really has not given the students problems in the past.  The Stella portion, as well, has run smoothly.  It is up to you whether you think the student should be given Figure 2.  If you want to continue the progression, I would advise that you remove the Figure and work through a conceptual diagram with the class during your introduction.  There is ample information already given to the students in the Table.

Question 4 has always confused students.  You might want to review what the question is getting at during your introduction.

Lab 12: Global Hydrological Cycle Model (Take-home assignment)

Faculty: George Kling
Objectives:

To build a conceptual understanding for the global hydrological cycle and to have the students be able to explain the importance of the inflows and outflows to all four major stocks of water.

Preparations:

Review George Kling’s lecture material and review the concept of global biogeochemical cycles.  This lab is fairly similar to next weeks, but the conceptual picture and subsequent model is a bit simpler.  There are some interesting links, as well, mentioned within the lab assignment to help you prepare.

Description of the Lab:
After a few weeks of discussion, the students have three Stella models left.  This model is an easy one, once they outline the conceptual picture.  Previously a diagram of the water cycle was included that provided this conceptual picture.  If they have read the lecture notes or look up the suggested sites, they will easily find this diagram (The figure under the Cycling heading in The Global Water and Nitrogen Cycles:  The Case of Acid Rain).  However to follow the trend of the labs, we leave it in the students hands to find this diagram and to conceptually draw a picture of the system.  I suggest letting the students attempt this lab exercise completely on their own after a brief introduction on biogeochemical cycles.  While this lab does jump ahead of the lectures, the logistics of this cycle are not challenging and rather intuitive.

Sources of Information:

George Kling’s lecture: The Global Water and Nitrogen Cycles: The Case of Acid Rain.

http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hyd/home.rxml http://www.und.nodak.edu/instruct/eng/fkarner/pages/cycle.html 
http://grads.iges.org/nncc/cyclec.gif
http://pasture.ecn.purdue.edu/~agenhtml/agen521/icon.html 

Take Home Points:

· The water cycle is responsible for the largest movement of a chemical substance on our planet.  While schematically fairly simple, the cycle is essential to life on Earth.

· Virtually all of the water on our planet is recycled!!!!!   Understanding the water cycle is crucial to understanding the movement of nutrients and pollutants across systems, approached in the next two labs.

· Anthropogenic factors can have direct impacts on the water cycle.  Understanding how some of these might alter the cycle, the student should walk away with a greater concern about many of the topics approached throughout this course: global warming, deforestation, etc…

Logistics and Notes:

The lab handout is minimal and really leaves the modeling up to the student.  Encourage them to spend time reviewing lecture notes and some of the linked sites on the web.  This will help them gain the conceptual picture necessary, and make this lab easy for them.

Be careful how they answer questions 3 and 5.  Having them attach a simple diagram of how they might manipulate their model helps you in determining if they understand the model.  While much of it involves manipulating values, see if you can challenge the students to help make the model more realistic, or precise.  

Question Answer Key (Numbers may not correlate exactly)

1. Deforestation decreases the total evapo-transpiration of an area, which increases the return flow of water into oceans through the soil (as was displayed in the Hubbard Brook experiment). Thus, the amount of water in the oceans increases, and so does ocean water residence time.

2. MRT of ocean water =    Tot. Water in Oceans / outflow(= evaporation)




  =    1,350,000E12 m3 / 425E12 m3 = 3,176.47 years

(Stella gives a slightly different calculation because of the simulation time step)

3. MRT of land water =   Tot. Water in Land / outflow(=evapo-transp. + return flow)




=   8,200E12 m3 / (40E12 + 71E12 m3) = 73.87 years

4. A 50% increase in ocean evaporation would increase the amount of water in ocean clouds relative to that in land clouds (see attached graph). Vapor transport of water from ocean to land clouds would also increase, but the percent of water transported would stay the same. This principle can be applied to ocean precipitation, which would also increase in total amount. A way to model this scenario would be to change the values for ocean precipitation and vapor transport to equations, which are dependent

on the amount of water in ocean clouds (which is dependent on ocean evaporation, the value for which is increased by 50%). The result is that residence time of water in oceans decreases (see attached model schematic and equations).

5. A melting of ice caps and glaciers (which are now on land) would cause the amount of water in oceans to rise. This and the thermal expansion of water would cause sea levels to rise. Although there would probably be an overall increase in precipitation, the changes in the geographical distribution of water would cause severe droughts in some areas. Furthermore, ocean currents would be affected by an increased flow of freshwater from the melted ice into the Arctic Ocean, which would prevent the sinking of cold, salty water and disrupt deep water formation. This phenomenon could cause rapid climate change, which was proved by the Younger Dryas.

Last Week: Student Presentations
Location: Special presentation rooms

Faculty: All

Handout: CRLT GSI evaluation forms

Students are required to have their presentations saved on the server 24 hours before they present. Your job as a GSI is to check all of your students’ presentations the day before and make sure they are working properly (your should try to do this in the same room where presentations will be given, although this may require special arrangements). If you see any problems (such as broken images, a powerpoint presentation which won’t load, or no presentation at all), E-mail the group right away. You should also save a copy of the powerpoint presentations onto the hard drive of the presentation computer or on a CD (the GCGEO computer in 4534 CCL has a CD burner). Ask the coordinator for help if necessary.

GSI’s should plan to be at the presentations at least 10 minutes early to set up the projection equipment (if necessary), and to make sure everything is set up properly. Make sure you find out from the coordinator who to contact in case the equipment is missing or not working. If necessary, you can arrange to have someone show you how to set up the equipment ahead of time.

You will receive half-sheet evaluation forms for you and the faculty to evaluate each group. Once the projects are turned in (due Friday at noon), each project will have to be graded by 2 GSI’s. Set a deadline for all the grading to be done, and then average the scores to give a final grade for each project. If there is a large deviation between the two GSI’s who graded a particular project, then they must talk with each other and figure out what happened (perhaps one of them missed something). You should enter the grades in the template spreadsheet, which will be sent to you by the coordinator in order to simplify merging the grades. Students should get a printout of their group’s grade stapled to all of their comments sheets at the final exam. You do not need to make copies for each group member, but may do so if you wish.

Note on plagiarism: It is our policy to systematically check these projects for plagiarism. You should be checking this by copying and pasting any suspicious text into a web search engine (Google.com works well). It works best if you put in one sentence or a large fragment of a sentence, in quotes, into the search field. If evidence of plagiarism is found, bring it to the attention of the lead faculty for the course (Ben). Small amounts of plagiarism usually only warrant point deductions, but bad cases (i.e. entire paragraphs copied) are brought to the attention of the Assistant Dean. 
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Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4		Delta temp

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv		(deg C)

		130		4.26		-438.94		6.58		1.9		274				0.1709677419

		140		4.66		-435.94		12.42		2.28		273.07				0.6548387097

		150		5.06		-439.72		11		2.66		272.14		666.93		0.0451612903

		160		5.45		-441.88		7.47		3.04		271.22		653.54		-0.3032258065

		170		5.85		-434.77		6.13		3.41		270.29		640.15		0.8435483871

		180		6.27		-440.36		11.57		3.82		268.39		594.65		-0.0580645161

		190		6.7		-441.26		10.33		4.25		266.06		593.28		-0.2032258065

		200		7.14		-423.85		15		4.67		263.73		591.92		2.6048387097

		210		7.57		-438.79		15.48		5.09		261.4		590.55		0.1951612903

		220		8.01		-438.94		15.95		5.52		259.06		589.19		0.1709677419

		230		8.44		-435.7		16.75		5.94		256.73		585.64		0.6935483871

		240		8.87		-434.32		10.25		6.36		254.4		579.11		0.9161290323

		250		9.31		-439.38		12		6.79		252.07		593.3		0.1

		260		9.76		-435.64		16.75		7.23		255.09		607.49		0.7032258065

		270		10.24		-443.25		19.29		7.68		257.22		621.4		-0.5241935484

		280		10.74		-454.11		12		8.13		257.77		634.89		-2.2758064516

		290		11.24		-460.28		30		8.58		258.31		648.38		-3.2709677419

		300		11.74		-458.56		16		9.02		258.86		661.87		-2.9935483871

		310		12.32		-451.23		13		9.52		257.58		650.61		-1.8112903226

		320		12.94		-461.94		34		10.04		255.66		624.17		-3.5387096774

		330		13.55		-470.88		68		10.56		253.75		500.31		-4.9806451613

		340		14.17		-476.82		161.5		11.08		251.83		496.15		-5.9387096774

		350		14.78		-483.99		255		11.6		249.91		592.5		-7.0951612903

		360		15.39		-489.57		325.91		12.12		247.99		640.33		-7.9951612903

		370		16.01		-494.94		247.55		12.64		246.07		593.7		-8.8612903226

		380		16.69		-488.96		484		13.22		240.5		466.61		-7.8967741935

		390		17.48		-496.59		436.5		13.87		230.26		435.7		-9.1274193548

		400		18.26		-493.46		389		14.52		220.02		424.48		-8.6225806452

		410		19.05		-493.2		522.14		15.18		209.79		413.27		-8.5806451613

		420		19.83		-498.63		347.86		15.83		199.55		402.06		-9.4564516129

		430		20.63		-494.72		603.33		16.54		193.11		388.12		-8.8258064516

		440		21.45		-495.59		668.43		17.34		193.43		369.51		-8.9661290323

		450		22.28		-487.49		267		18.15		193.74		356.85		-7.6596774194

		460		23.11		-490.4		364		18.95		194.05		353.02		-8.1290322581

		470		23.93		-491.81		518.79		19.75		194.37		376.64		-8.3564516129

		480		24.76		-496.94		461.71		20.58		195.13		365.26		-9.1838709677

		490		25.6		-489.53		263.47		21.42		196.21		349.99		-7.9887096774

		500		26.43		-484.69		166		22.27		197.29		381.42		-7.2080645161

		510		27.27		-494.34		303.45		23.11		198.37		403.16		-8.764516129

		520		28.1		-488.52		289.82		23.96		199.45		395.28		-7.8258064516

		530		28.93		-492.44		266		24.81		199.81		387.39		-8.4580645161

		540		29.74		-485.11		232		25.66		199.41		391.67		-7.2758064516

		550		30.56		-489.15		198		26.51		199.02		407.48		-7.9274193548

		560		31.38		-483.53		133.2		27.36		198.63		416.47		-7.0209677419

		570		32.19		-474.11		68.4		28.21		198.24		419		-5.5016129032

		580		33		-476.61		71.26		29.05		201.8		421.53		-5.9048387097

		590		33.79		-486.59		136.91		29.89		211.31		425.3		-7.514516129

		600		34.59		-484.11		241		30.72		220.81		430.79		-7.114516129

		610		35.37		-481.41		104.48		31.53		217.71		488.22		-6.6790322581

		620		36.16		-483.57		88.83		32.35		210.85		536.7		-7.0274193548

		630		36.94		-479.8		85.83		33.15		207.51		508.13		-6.4193548387

		640		37.71		-481.06		80.42		33.95		208.66		476.62		-6.6225806452

		650		38.48		-480.87		75		34.74		209.82		474.92		-6.5919354839

		660		39.24		-471.56		88.13		35.52		209.48		481.14		-5.0903225806

		670		40.01		-477.47		92.71		36.3		208.87		473.2		-6.0435483871

		680		40.77		-475.69		74.35		37.08		208.25		453.2		-5.7564516129

		690		41.53		-484.76		75.22		37.86		207.63		433.2		-7.2193548387

		700		42.3		-483.23		187		38.64		207.02		427.04		-6.9725806452

		710		43.06		-485.28		135.75		39.4		201.24		432.67		-7.3032258065

		720		43.82		-483.45		119.92		40.16		195.3		438.3		-7.0080645161

		730		44.58		-481.96		99.8		40.92		189.37		436.13		-6.7677419355

		740		45.34		-478.73		75.4		41.68		183.43		426.77		-6.2467741935

		750		46.1		-477.7		51		42.44		179.86		417.3		-6.0806451613

		760		46.85		-476.01		62.75		43.2		187.85		407.3		-5.8080645161

		770		47.61		-478.26		40.25		43.96		195.84		415.14		-6.1709677419

		780		48.36		-475.4		114.18		44.71		201.49		443.08		-5.7096774194

		790		49.1		-479.26		95.09		45.47		204.6		468.87		-6.3322580645

		800		49.85		-474.86		76		46.22		207.7		484.84		-5.6225806452

		810		50.6		-483.58		78.33		46.97		206.42		500.81		-7.0290322581

		820		51.34		-480.83		101.67		47.72		205.15		495.58		-6.585483871

		830		52.09		-472.77		82.42		48.47		203.87		485.05		-5.285483871

		840		52.84		-468.12		83.25		49.21		202.6		486.85		-4.535483871

		850		53.58		-464.16		58		49.96		201.32		500.03		-3.8967741935

		860		54.35		-471.32		172.58		50.71		201		513.21		-5.0516129032

		870		55.12		-475.98		287.17		51.45		201		519.33		-5.8032258065

		880		55.9		-475.27		187.63		52.2		204.78		525		-5.6887096774

		890		56.69		-480.92		188.88		52.95		211.41		512.51		-6.6

		900		57.49		-484.89		151		53.7		218.04		479.56		-7.2403225806

		910		58.3		-488.53		251.42		54.47		217.91		446.61		-7.8274193548

		920		59.11		-480.97		351.83		55.25		215.88		431.71		-6.6080645161

		930		59.94		-490.14		315.71		56.04		213.48		419.74		-8.0870967742

		940		60.78		-491.61		381.13		56.84		210.29		411.32		-8.3241935484

		950		61.63		-493.53		299		57.65		207.11		412.52		-8.6338709677

		960		62.5		-487.73		246.44		58.47		204.63		413.71		-7.6983870968

		970		63.38		-489.51		437.56		59.3		202.32		414.32		-7.985483871

		980		64.26		-479.63		237.5		60.14		199.56		414.74		-6.3919354839

		990		65.13		-483.98		126		61		196.2		417.81		-7.0935483871

		1000		66.01		-483.4		25		61.86		192.84		425.41		-7

		1010		66.88		-477.96		36		62.75		192.36		433.01		-6.1225806452

		1020		67.74		-483.63		50.5		63.65		192.83		430.68		-7.0370967742

		1030		68.59		-485.65		48.5		64.54		195.81		426.86		-7.3629032258

		1040		69.43		-484.76		80.29		65.43		200.14		427.44		-7.2193548387

		1050		70.27		-477.23		41		66.33		204.46		441.21		-6.0048387097

		1060		71.1		-469.15		36		67.2		212.63		454.97		-4.7016129032

		1070		71.93		-476.41		31		68.07		222		449.26		-5.8725806452

		1080		72.75		-486.42		38.54		68.94		229.73		438.06		-7.4870967742

		1090		73.57		-477.34		55.63		69.79		235.93		433.53		-6.0225806452

		1100		74.39		-481.76		93		70.65		242.13		446.13		-6.735483871

		1110		75.19		-476.22		100.92		71.49		239.98		458.72		-5.8419354839

		1120		75.99		-467.38		108.83		72.34		236.47		444.31		-4.4161290323

		1130		76.79		-465.7		65.5		73.17		233.93		420.41		-4.1451612903

		1140		77.58		-461.74		42.5		74		232.1		405.39		-3.5064516129

		1150		78.37		-466.86		89		74.83		229.95		420.15		-4.3322580645

		1160		79.15		-462.17		63.17		75.64		225.77		434.9		-3.5758064516

		1170		79.93		-466.88		37.33		76.45		221.59		457.1		-4.335483871

		1180		80.7		-462.45		23.63		77.26		219.8		481.28		-3.6209677419

		1190		81.47		-455.84		24.88		78.06		220.39		504.24		-2.5548387097

		1200		82.24		-461.33		31		78.85		220.98		524.93		-3.4403225806

		1210		83.01		-465.61		33.08		79.65		221.57		545.53		-4.1306451613

		1220		83.78		-468.4		35.17		80.45		222.16		563.35		-4.5806451613

		1230		84.55		-468.79		44.33		81.22		224.42		581.17		-4.6435483871

		1240		85.33		-466.15		61		81.96		228.88		586.42		-4.2177419355

		1250		86.1		-473.96		83		82.71		233.33		559.33		-5.4774193548

		1260		86.88		-479.73		67.17		83.52		228.31		532.25		-6.4080645161

		1270		87.65		-477.95		51.33		84.35		221.61		496.31		-6.1209677419

		1280		88.43		-470.28		60.5		85.16		216.76		459.17		-4.8838709677

		1290		89.21		-475.39		85.5		85.95		213.26		424.68		-5.7080645161

		1300		89.99		-471.17		95		86.74		210.35		420.68		-5.0274193548

		1310		90.78		-464.77		67.08		87.53		215.3		418.02		-3.9951612903

		1320		91.56		-471.4		39.17		88.32		220.26		430.78		-5.064516129

		1330		92.35		-469.84		36.42		89.12		222.77		443.54		-4.8129032258

		1340		93.15		-466.57		27.25		89.91		224.47		453.22		-4.285483871

		1350		93.94		-468.47		17		90.71		226.31		448.91		-4.5919354839

		1360		94.73		-472		24.52		91.51		229.41		444.6		-5.1612903226

		1370		95.53		-470.42		28.43		92.31		232.51		433.08		-4.9064516129

		1380		96.33		-464.69		13.48		93.12		232.59		417.34		-3.9822580645

		1390		97.13		-465.83		42.17		93.93		229.88		406.11		-4.1661290323

		1400		97.93		-465.48		56		94.74		227.18		406.5		-4.1096774194

		1410		98.74		-463.17		54.75		95.55		229.6		406.88		-3.7370967742

		1420		99.55		-459.69		53.5		96.36		233.73		423.21		-3.1758064516

		1430		100.38		-457.24		55.46		97.18		234.1		446.36		-2.7806451613

		1440		101.23		-460.89		78.38		98		229.87		469.52		-3.3693548387

		1450		102.08		-468.1		72		98.83		225.63		479.35		-4.5322580645

		1460		102.97		-466.45		73.91		99.67		226.38		509.63		-4.2661290323

		1470		103.87		-469.43		37.55		100.52		228.01		506.34		-4.7467741935

		1480		104.78		-466.93		27.87		101.39		230.58		501.91		-4.3435483871

		1490		105.71		-468.74		40.04		102.28		234.62		524.74		-4.635483871

		1500		106.65		-469.11		39		103.17		238.44		547.58		-4.6951612903

		1510		107.64		-484.17		35.17		104.1		236.94		566.55		-7.1241935484

		1520		108.62		-481.53		36.48		105.03		235.44		581.64		-6.6983870968

		1530		109.6		-479.63		26.35		105.98		236.2		573.31		-6.3919354839

		1540		110.57		-476.4		27.22		106.96		240.79		463.41		-5.8709677419

		1550		111.53		-478.78		17		107.95		242.88		444.23		-6.2548387097

		1560		112.45		-480.79		10.26		108.97		239.16		452.74		-6.5790322581

		1570		113.37		-479.64		17.22		109.98		235.43		459.43		-6.3935483871

		1580		114.27		-473.94		22.71		110.97		234.87		466.13		-5.4741935484

		1590		115.15		-468.3		23.89		111.93		237.72		463.5		-4.564516129

		1600		116.02		-468.07		32		112.88		242.53		457.25		-4.5274193548

		1610		116.85		-460.36		13.4		113.79		255.16		451		-3.2838709677

		1620		117.68		-458.29		16.43		114.7		267.79		445.98		-2.95

		1630		118.5		-451.61		27.86		115.59		275.36		453.58		-1.8725806452

		1640		119.29		-452.02		10		116.46		273.52		490.88		-1.9387096774

		1650		120.09		-448.9		23		117.32		271.68		499.06		-1.435483871

		1660		120.85		-447.81		33.6		118.15		274.51		507.23		-1.2596774194

		1670		121.61		-448.1		17		118.97		277.86		515.59		-1.3064516129

		1680		122.36		-447.17		24.43		119.78		278.75		527.43		-1.1564516129

		1690		123.1		-441.91		30.1		120.57		275.28		539.27		-0.3080645161

		1700		123.83		-442.83		5		121.36		271.81		547.55		-0.4564516129

		1710		124.54		-436.6		7		122.12		269.32		553.45		0.5483870968

		1720		125.25		-438.57		58		122.87		266.93		557.96		0.2306451613

		1730		125.95		-443.29		22.88		123.61		265.96		560.37		-0.5306451613

		1740		126.65		-439.33		16		124.33		268.01		564.12		0.1080645161

		1750		127.34		-434.71		48		125.04		270.06		570.75		0.8532258065

		1760		128.04		-436.55		17.8		125.76		272.11		577.37		0.5564516129

		1770		128.74		-435.07		12.33		126.48		274.16		584		0.7951612903

		1780		129.44		-437.07		25.67		127.19		273.23		585.04		0.4725806452

		1790		130.15		-435.33		26.2		127.9		270.22		586.6		0.7532258065

		1800		130.86		-430.06		24		128.61		267.22		594.07		1.6032258065

		1810		131.57		-425.54		55.06		129.33		269.27		601.54		2.3322580645

		1820		132.29		-427.15		14.43		130.05		272.92		609.02		2.0725806452

		1830		133.01		-420.98		9.2		130.78		273.44		616.49		3.0677419355

		1840		133.74		-428.51		30.5		131.51		269.81		629.03		1.8532258065

		1850		134.47		-440.89		46		132.24		266.18		646.08		-0.1435483871

		1860		135.24		-430.44		11.38		132.99		277.41		649.35		1.5419354839

		1870		136		-437.21		10		133.73		289.42		693.41		0.45

		1880		136.8		-442.66		18		134.48		291.71		600.31		-0.4290322581

		1890		137.64		-454.55		8.25		135.25		280.02		532.7		-2.3467741935

		1900		138.49		-456.74		18		136.02		268.34		527.77		-2.7

		1910		139.43		-464.04		24		136.86		260		509.61		-3.8774193548

		1920		140.4		-473.68		42		137.72		252.5		483.99		-5.4322580645

		1930		141.39		-484.07		92.38		138.61		245		458.38		-7.1080645161

		1940		142.49		-486.84		60.33		139.58		237.51		445.28		-7.5548387097

		1950		143.61		-485.33		344		140.57		230.31		435.5		-7.3112903226

		1960		144.89		-496.7		96.33		141.68		225.05		419.71		-9.1451612903

		1970		146.18		-496.39		156.5		142.78		219.79		398.54		-9.0951612903

		1980		147.58		-490.49		162		143.98		211.62		352.91		-8.1435483871

		1990		149.11		-492		98		145.29		200.16		363.05		-8.3870967742

		2000		150.67		-490.51		301		146.65		191.69		369.66		-8.1467741935

		2010		152.35		-495.73		296		148.23		195.12		337.2		-8.9887096774

		2020		154.02		-490.8		297.89		149.8		198.55		318.25		-8.1935483871

		2030		155.7		-495.07		247		151.45		198.89		318.94		-8.8822580645

		2040		157.38		-492.08		184.27		153.18		195.15		339.4		-8.4

		2050		159.05		-496.54		308		154.92		191.41		348.54		-9.1193548387

		2060		160.73		-492.25		90.36		156.65		192.8		353.25		-8.4274193548
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120.57

123.83

121.36

124.54

122.12

125.25

122.87

125.95

123.61

126.65

124.33

127.34

125.04

128.04

125.76

128.74

126.48

129.44

127.19

130.15

127.9

130.86

128.61

131.57

129.33

132.29

130.05

133.01

130.78

133.74

131.51

134.47

132.24

135.24

132.99

136

133.73

136.8

134.48

137.64

135.25

138.49

136.02

139.43

136.86

140.4

137.72

141.39

138.61

142.49

139.58

143.61

140.57

144.89

141.68

146.18

142.78

147.58

143.98

149.11

145.29

150.67

146.65

152.35

148.23

154.02

149.8

155.7

151.45

157.38

153.18

159.05

154.92

160.73

156.65



Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv

		130		4.26		-438.94		6.58		1.9		274

		140		4.66		-435.94		12.42		2.28		273.07

		150		5.06		-439.72		11		2.66		272.14		666.93

		160		5.45		-441.88		7.47		3.04		271.22		653.54

		170		5.85		-434.77		6.13		3.41		270.29		640.15

		180		6.27		-440.36		11.57		3.82		268.39		594.65

		190		6.7		-441.26		10.33		4.25		266.06		593.28

		200		7.14		-423.85		15		4.67		263.73		591.92

		210		7.57		-438.79		15.48		5.09		261.4		590.55

		220		8.01		-438.94		15.95		5.52		259.06		589.19

		230		8.44		-435.7		16.75		5.94		256.73		585.64

		240		8.87		-434.32		10.25		6.36		254.4		579.11

		250		9.31		-439.38		12		6.79		252.07		593.3

		260		9.76		-435.64		16.75		7.23		255.09		607.49

		270		10.24		-443.25		19.29		7.68		257.22		621.4

		280		10.74		-454.11		12		8.13		257.77		634.89

		290		11.24		-460.28		30		8.58		258.31		648.38

		300		11.74		-458.56		16		9.02		258.86		661.87

		310		12.32		-451.23		13		9.52		257.58		650.61

		320		12.94		-461.94		34		10.04		255.66		624.17

		330		13.55		-470.88		68		10.56		253.75		500.31

		340		14.17		-476.82		161.5		11.08		251.83		496.15

		350		14.78		-483.99		255		11.6		249.91		592.5

		360		15.39		-489.57		325.91		12.12		247.99		640.33

		370		16.01		-494.94		247.55		12.64		246.07		593.7

		380		16.69		-488.96		484		13.22		240.5		466.61

		390		17.48		-496.59		436.5		13.87		230.26		435.7

		400		18.26		-493.46		389		14.52		220.02		424.48

		410		19.05		-493.2		522.14		15.18		209.79		413.27

		420		19.83		-498.63		347.86		15.83		199.55		402.06

		430		20.63		-494.72		603.33		16.54		193.11		388.12

		440		21.45		-495.59		668.43		17.34		193.43		369.51

		450		22.28		-487.49		267		18.15		193.74		356.85

		460		23.11		-490.4		364		18.95		194.05		353.02

		470		23.93		-491.81		518.79		19.75		194.37		376.64

		480		24.76		-496.94		461.71		20.58		195.13		365.26

		490		25.6		-489.53		263.47		21.42		196.21		349.99

		500		26.43		-484.69		166		22.27		197.29		381.42

		510		27.27		-494.34		303.45		23.11		198.37		403.16

		520		28.1		-488.52		289.82		23.96		199.45		395.28

		530		28.93		-492.44		266		24.81		199.81		387.39

		540		29.74		-485.11		232		25.66		199.41		391.67

		550		30.56		-489.15		198		26.51		199.02		407.48

		560		31.38		-483.53		133.2		27.36		198.63		416.47

		570		32.19		-474.11		68.4		28.21		198.24		419

		580		33		-476.61		71.26		29.05		201.8		421.53

		590		33.79		-486.59		136.91		29.89		211.31		425.3

		600		34.59		-484.11		241		30.72		220.81		430.79

		610		35.37		-481.41		104.48		31.53		217.71		488.22

		620		36.16		-483.57		88.83		32.35		210.85		536.7

		630		36.94		-479.8		85.83		33.15		207.51		508.13

		640		37.71		-481.06		80.42		33.95		208.66		476.62

		650		38.48		-480.87		75		34.74		209.82		474.92

		660		39.24		-471.56		88.13		35.52		209.48		481.14

		670		40.01		-477.47		92.71		36.3		208.87		473.2

		680		40.77		-475.69		74.35		37.08		208.25		453.2

		690		41.53		-484.76		75.22		37.86		207.63		433.2

		700		42.3		-483.23		187		38.64		207.02		427.04

		710		43.06		-485.28		135.75		39.4		201.24		432.67

		720		43.82		-483.45		119.92		40.16		195.3		438.3

		730		44.58		-481.96		99.8		40.92		189.37		436.13

		740		45.34		-478.73		75.4		41.68		183.43		426.77

		750		46.1		-477.7		51		42.44		179.86		417.3

		760		46.85		-476.01		62.75		43.2		187.85		407.3

		770		47.61		-478.26		40.25		43.96		195.84		415.14

		780		48.36		-475.4		114.18		44.71		201.49		443.08

		790		49.1		-479.26		95.09		45.47		204.6		468.87

		800		49.85		-474.86		76		46.22		207.7		484.84

		810		50.6		-483.58		78.33		46.97		206.42		500.81

		820		51.34		-480.83		101.67		47.72		205.15		495.58

		830		52.09		-472.77		82.42		48.47		203.87		485.05

		840		52.84		-468.12		83.25		49.21		202.6		486.85

		850		53.58		-464.16		58		49.96		201.32		500.03

		860		54.35		-471.32		172.58		50.71		201		513.21

		870		55.12		-475.98		287.17		51.45		201		519.33

		880		55.9		-475.27		187.63		52.2		204.78		525

		890		56.69		-480.92		188.88		52.95		211.41		512.51

		900		57.49		-484.89		151		53.7		218.04		479.56

		910		58.3		-488.53		251.42		54.47		217.91		446.61

		920		59.11		-480.97		351.83		55.25		215.88		431.71

		930		59.94		-490.14		315.71		56.04		213.48		419.74

		940		60.78		-491.61		381.13		56.84		210.29		411.32

		950		61.63		-493.53		299		57.65		207.11		412.52

		960		62.5		-487.73		246.44		58.47		204.63		413.71

		970		63.38		-489.51		437.56		59.3		202.32		414.32

		980		64.26		-479.63		237.5		60.14		199.56		414.74

		990		65.13		-483.98		126		61		196.2		417.81

		1000		66.01		-483.4		25		61.86		192.84		425.41

		1010		66.88		-477.96		36		62.75		192.36		433.01

		1020		67.74		-483.63		50.5		63.65		192.83		430.68

		1030		68.59		-485.65		48.5		64.54		195.81		426.86

		1040		69.43		-484.76		80.29		65.43		200.14		427.44

		1050		70.27		-477.23		41		66.33		204.46		441.21

		1060		71.1		-469.15		36		67.2		212.63		454.97

		1070		71.93		-476.41		31		68.07		222		449.26

		1080		72.75		-486.42		38.54		68.94		229.73		438.06

		1090		73.57		-477.34		55.63		69.79		235.93		433.53

		1100		74.39		-481.76		93		70.65		242.13		446.13

		1110		75.19		-476.22		100.92		71.49		239.98		458.72

		1120		75.99		-467.38		108.83		72.34		236.47		444.31

		1130		76.79		-465.7		65.5		73.17		233.93		420.41

		1140		77.58		-461.74		42.5		74		232.1		405.39

		1150		78.37		-466.86		89		74.83		229.95		420.15

		1160		79.15		-462.17		63.17		75.64		225.77		434.9

		1170		79.93		-466.88		37.33		76.45		221.59		457.1

		1180		80.7		-462.45		23.63		77.26		219.8		481.28

		1190		81.47		-455.84		24.88		78.06		220.39		504.24

		1200		82.24		-461.33		31		78.85		220.98		524.93

		1210		83.01		-465.61		33.08		79.65		221.57		545.53

		1220		83.78		-468.4		35.17		80.45		222.16		563.35

		1230		84.55		-468.79		44.33		81.22		224.42		581.17

		1240		85.33		-466.15		61		81.96		228.88		586.42

		1250		86.1		-473.96		83		82.71		233.33		559.33

		1260		86.88		-479.73		67.17		83.52		228.31		532.25

		1270		87.65		-477.95		51.33		84.35		221.61		496.31

		1280		88.43		-470.28		60.5		85.16		216.76		459.17

		1290		89.21		-475.39		85.5		85.95		213.26		424.68

		1300		89.99		-471.17		95		86.74		210.35		420.68

		1310		90.78		-464.77		67.08		87.53		215.3		418.02

		1320		91.56		-471.4		39.17		88.32		220.26		430.78

		1330		92.35		-469.84		36.42		89.12		222.77		443.54

		1340		93.15		-466.57		27.25		89.91		224.47		453.22

		1350		93.94		-468.47		17		90.71		226.31		448.91

		1360		94.73		-472		24.52		91.51		229.41		444.6

		1370		95.53		-470.42		28.43		92.31		232.51		433.08

		1380		96.33		-464.69		13.48		93.12		232.59		417.34

		1390		97.13		-465.83		42.17		93.93		229.88		406.11

		1400		97.93		-465.48		56		94.74		227.18		406.5

		1410		98.74		-463.17		54.75		95.55		229.6		406.88

		1420		99.55		-459.69		53.5		96.36		233.73		423.21

		1430		100.38		-457.24		55.46		97.18		234.1		446.36

		1440		101.23		-460.89		78.38		98		229.87		469.52

		1450		102.08		-468.1		72		98.83		225.63		479.35

		1460		102.97		-466.45		73.91		99.67		226.38		509.63

		1470		103.87		-469.43		37.55		100.52		228.01		506.34

		1480		104.78		-466.93		27.87		101.39		230.58		501.91

		1490		105.71		-468.74		40.04		102.28		234.62		524.74

		1500		106.65		-469.11		39		103.17		238.44		547.58

		1510		107.64		-484.17		35.17		104.1		236.94		566.55

		1520		108.62		-481.53		36.48		105.03		235.44		581.64

		1530		109.6		-479.63		26.35		105.98		236.2		573.31

		1540		110.57		-476.4		27.22		106.96		240.79		463.41

		1550		111.53		-478.78		17		107.95		242.88		444.23

		1560		112.45		-480.79		10.26		108.97		239.16		452.74

		1570		113.37		-479.64		17.22		109.98		235.43		459.43

		1580		114.27		-473.94		22.71		110.97		234.87		466.13

		1590		115.15		-468.3		23.89		111.93		237.72		463.5

		1600		116.02		-468.07		32		112.88		242.53		457.25

		1610		116.85		-460.36		13.4		113.79		255.16		451

		1620		117.68		-458.29		16.43		114.7		267.79		445.98

		1630		118.5		-451.61		27.86		115.59		275.36		453.58

		1640		119.29		-452.02		10		116.46		273.52		490.88

		1650		120.09		-448.9		23		117.32		271.68		499.06

		1660		120.85		-447.81		33.6		118.15		274.51		507.23

		1670		121.61		-448.1		17		118.97		277.86		515.59

		1680		122.36		-447.17		24.43		119.78		278.75		527.43

		1690		123.1		-441.91		30.1		120.57		275.28		539.27

		1700		123.83		-442.83		5		121.36		271.81		547.55

		1710		124.54		-436.6		7		122.12		269.32		553.45

		1720		125.25		-438.57		58		122.87		266.93		557.96

		1730		125.95		-443.29		22.88		123.61		265.96		560.37

		1740		126.65		-439.33		16		124.33		268.01		564.12

		1750		127.34		-434.71		48		125.04		270.06		570.75

		1760		128.04		-436.55		17.8		125.76		272.11		577.37

		1770		128.74		-435.07		12.33		126.48		274.16		584

		1780		129.44		-437.07		25.67		127.19		273.23		585.04

		1790		130.15		-435.33		26.2		127.9		270.22		586.6

		1800		130.86		-430.06		24		128.61		267.22		594.07

		1810		131.57		-425.54		55.06		129.33		269.27		601.54

		1820		132.29		-427.15		14.43		130.05		272.92		609.02

		1830		133.01		-420.98		9.2		130.78		273.44		616.49

		1840		133.74		-428.51		30.5		131.51		269.81		629.03

		1850		134.47		-440.89		46		132.24		266.18		646.08

		1860		135.24		-430.44		11.38		132.99		277.41		649.35

		1870		136		-437.21		10		133.73		289.42		693.41

		1880		136.8		-442.66		18		134.48		291.71		600.31

		1890		137.64		-454.55		8.25		135.25		280.02		532.7

		1900		138.49		-456.74		18		136.02		268.34		527.77

		1910		139.43		-464.04		24		136.86		260		509.61

		1920		140.4		-473.68		42		137.72		252.5		483.99

		1930		141.39		-484.07		92.38		138.61		245		458.38

		1940		142.49		-486.84		60.33		139.58		237.51		445.28

		1950		143.61		-485.33		344		140.57		230.31		435.5

		1960		144.89		-496.7		96.33		141.68		225.05		419.71

		1970		146.18		-496.39		156.5		142.78		219.79		398.54

		1980		147.58		-490.49		162		143.98		211.62		352.91

		1990		149.11		-492		98		145.29		200.16		363.05

		2000		150.67		-490.51		301		146.65		191.69		369.66

		2010		152.35		-495.73		296		148.23		195.12		337.2

		2020		154.02		-490.8		297.89		149.8		198.55		318.25

		2030		155.7		-495.07		247		151.45		198.89		318.94

		2040		157.38		-492.08		184.27		153.18		195.15		339.4

		2050		159.05		-496.54		308		154.92		191.41		348.54

		2060		160.73		-492.25		90.36		156.65		192.8		353.25
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Graph 1: Ice and Gas Age in Vostok Core
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Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4		Delta temp

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv		(deg C)

		130		4.26		-438.94		6.58		1.9		274				0.1709677419

		140		4.66		-435.94		12.42		2.28		273.07				0.6548387097

		150		5.06		-439.72		11		2.66		272.14		666.93		0.0451612903

		160		5.45		-441.88		7.47		3.04		271.22		653.54		-0.3032258065

		170		5.85		-434.77		6.13		3.41		270.29		640.15		0.8435483871

		180		6.27		-440.36		11.57		3.82		268.39		594.65		-0.0580645161

		190		6.7		-441.26		10.33		4.25		266.06		593.28		-0.2032258065

		200		7.14		-423.85		15		4.67		263.73		591.92		2.6048387097

		210		7.57		-438.79		15.48		5.09		261.4		590.55		0.1951612903

		220		8.01		-438.94		15.95		5.52		259.06		589.19		0.1709677419

		230		8.44		-435.7		16.75		5.94		256.73		585.64		0.6935483871

		240		8.87		-434.32		10.25		6.36		254.4		579.11		0.9161290323

		250		9.31		-439.38		12		6.79		252.07		593.3		0.1

		260		9.76		-435.64		16.75		7.23		255.09		607.49		0.7032258065

		270		10.24		-443.25		19.29		7.68		257.22		621.4		-0.5241935484

		280		10.74		-454.11		12		8.13		257.77		634.89		-2.2758064516

		290		11.24		-460.28		30		8.58		258.31		648.38		-3.2709677419

		300		11.74		-458.56		16		9.02		258.86		661.87		-2.9935483871

		310		12.32		-451.23		13		9.52		257.58		650.61		-1.8112903226

		320		12.94		-461.94		34		10.04		255.66		624.17		-3.5387096774

		330		13.55		-470.88		68		10.56		253.75		500.31		-4.9806451613

		340		14.17		-476.82		161.5		11.08		251.83		496.15		-5.9387096774

		350		14.78		-483.99		255		11.6		249.91		592.5		-7.0951612903

		360		15.39		-489.57		325.91		12.12		247.99		640.33		-7.9951612903

		370		16.01		-494.94		247.55		12.64		246.07		593.7		-8.8612903226

		380		16.69		-488.96		484		13.22		240.5		466.61		-7.8967741935

		390		17.48		-496.59		436.5		13.87		230.26		435.7		-9.1274193548

		400		18.26		-493.46		389		14.52		220.02		424.48		-8.6225806452

		410		19.05		-493.2		522.14		15.18		209.79		413.27		-8.5806451613

		420		19.83		-498.63		347.86		15.83		199.55		402.06		-9.4564516129

		430		20.63		-494.72		603.33		16.54		193.11		388.12		-8.8258064516

		440		21.45		-495.59		668.43		17.34		193.43		369.51		-8.9661290323

		450		22.28		-487.49		267		18.15		193.74		356.85		-7.6596774194

		460		23.11		-490.4		364		18.95		194.05		353.02		-8.1290322581

		470		23.93		-491.81		518.79		19.75		194.37		376.64		-8.3564516129

		480		24.76		-496.94		461.71		20.58		195.13		365.26		-9.1838709677

		490		25.6		-489.53		263.47		21.42		196.21		349.99		-7.9887096774

		500		26.43		-484.69		166		22.27		197.29		381.42		-7.2080645161

		510		27.27		-494.34		303.45		23.11		198.37		403.16		-8.764516129

		520		28.1		-488.52		289.82		23.96		199.45		395.28		-7.8258064516

		530		28.93		-492.44		266		24.81		199.81		387.39		-8.4580645161

		540		29.74		-485.11		232		25.66		199.41		391.67		-7.2758064516

		550		30.56		-489.15		198		26.51		199.02		407.48		-7.9274193548

		560		31.38		-483.53		133.2		27.36		198.63		416.47		-7.0209677419

		570		32.19		-474.11		68.4		28.21		198.24		419		-5.5016129032

		580		33		-476.61		71.26		29.05		201.8		421.53		-5.9048387097

		590		33.79		-486.59		136.91		29.89		211.31		425.3		-7.514516129

		600		34.59		-484.11		241		30.72		220.81		430.79		-7.114516129

		610		35.37		-481.41		104.48		31.53		217.71		488.22		-6.6790322581

		620		36.16		-483.57		88.83		32.35		210.85		536.7		-7.0274193548

		630		36.94		-479.8		85.83		33.15		207.51		508.13		-6.4193548387

		640		37.71		-481.06		80.42		33.95		208.66		476.62		-6.6225806452

		650		38.48		-480.87		75		34.74		209.82		474.92		-6.5919354839

		660		39.24		-471.56		88.13		35.52		209.48		481.14		-5.0903225806

		670		40.01		-477.47		92.71		36.3		208.87		473.2		-6.0435483871

		680		40.77		-475.69		74.35		37.08		208.25		453.2		-5.7564516129

		690		41.53		-484.76		75.22		37.86		207.63		433.2		-7.2193548387

		700		42.3		-483.23		187		38.64		207.02		427.04		-6.9725806452

		710		43.06		-485.28		135.75		39.4		201.24		432.67		-7.3032258065

		720		43.82		-483.45		119.92		40.16		195.3		438.3		-7.0080645161

		730		44.58		-481.96		99.8		40.92		189.37		436.13		-6.7677419355

		740		45.34		-478.73		75.4		41.68		183.43		426.77		-6.2467741935

		750		46.1		-477.7		51		42.44		179.86		417.3		-6.0806451613

		760		46.85		-476.01		62.75		43.2		187.85		407.3		-5.8080645161

		770		47.61		-478.26		40.25		43.96		195.84		415.14		-6.1709677419

		780		48.36		-475.4		114.18		44.71		201.49		443.08		-5.7096774194

		790		49.1		-479.26		95.09		45.47		204.6		468.87		-6.3322580645

		800		49.85		-474.86		76		46.22		207.7		484.84		-5.6225806452

		810		50.6		-483.58		78.33		46.97		206.42		500.81		-7.0290322581

		820		51.34		-480.83		101.67		47.72		205.15		495.58		-6.585483871

		830		52.09		-472.77		82.42		48.47		203.87		485.05		-5.285483871

		840		52.84		-468.12		83.25		49.21		202.6		486.85		-4.535483871

		850		53.58		-464.16		58		49.96		201.32		500.03		-3.8967741935

		860		54.35		-471.32		172.58		50.71		201		513.21		-5.0516129032

		870		55.12		-475.98		287.17		51.45		201		519.33		-5.8032258065

		880		55.9		-475.27		187.63		52.2		204.78		525		-5.6887096774

		890		56.69		-480.92		188.88		52.95		211.41		512.51		-6.6

		900		57.49		-484.89		151		53.7		218.04		479.56		-7.2403225806

		910		58.3		-488.53		251.42		54.47		217.91		446.61		-7.8274193548

		920		59.11		-480.97		351.83		55.25		215.88		431.71		-6.6080645161

		930		59.94		-490.14		315.71		56.04		213.48		419.74		-8.0870967742

		940		60.78		-491.61		381.13		56.84		210.29		411.32		-8.3241935484

		950		61.63		-493.53		299		57.65		207.11		412.52		-8.6338709677

		960		62.5		-487.73		246.44		58.47		204.63		413.71		-7.6983870968

		970		63.38		-489.51		437.56		59.3		202.32		414.32		-7.985483871

		980		64.26		-479.63		237.5		60.14		199.56		414.74		-6.3919354839

		990		65.13		-483.98		126		61		196.2		417.81		-7.0935483871

		1000		66.01		-483.4		25		61.86		192.84		425.41		-7

		1010		66.88		-477.96		36		62.75		192.36		433.01		-6.1225806452

		1020		67.74		-483.63		50.5		63.65		192.83		430.68		-7.0370967742

		1030		68.59		-485.65		48.5		64.54		195.81		426.86		-7.3629032258

		1040		69.43		-484.76		80.29		65.43		200.14		427.44		-7.2193548387

		1050		70.27		-477.23		41		66.33		204.46		441.21		-6.0048387097

		1060		71.1		-469.15		36		67.2		212.63		454.97		-4.7016129032

		1070		71.93		-476.41		31		68.07		222		449.26		-5.8725806452

		1080		72.75		-486.42		38.54		68.94		229.73		438.06		-7.4870967742

		1090		73.57		-477.34		55.63		69.79		235.93		433.53		-6.0225806452

		1100		74.39		-481.76		93		70.65		242.13		446.13		-6.735483871

		1110		75.19		-476.22		100.92		71.49		239.98		458.72		-5.8419354839

		1120		75.99		-467.38		108.83		72.34		236.47		444.31		-4.4161290323

		1130		76.79		-465.7		65.5		73.17		233.93		420.41		-4.1451612903

		1140		77.58		-461.74		42.5		74		232.1		405.39		-3.5064516129

		1150		78.37		-466.86		89		74.83		229.95		420.15		-4.3322580645

		1160		79.15		-462.17		63.17		75.64		225.77		434.9		-3.5758064516

		1170		79.93		-466.88		37.33		76.45		221.59		457.1		-4.335483871

		1180		80.7		-462.45		23.63		77.26		219.8		481.28		-3.6209677419

		1190		81.47		-455.84		24.88		78.06		220.39		504.24		-2.5548387097

		1200		82.24		-461.33		31		78.85		220.98		524.93		-3.4403225806

		1210		83.01		-465.61		33.08		79.65		221.57		545.53		-4.1306451613

		1220		83.78		-468.4		35.17		80.45		222.16		563.35		-4.5806451613

		1230		84.55		-468.79		44.33		81.22		224.42		581.17		-4.6435483871

		1240		85.33		-466.15		61		81.96		228.88		586.42		-4.2177419355

		1250		86.1		-473.96		83		82.71		233.33		559.33		-5.4774193548

		1260		86.88		-479.73		67.17		83.52		228.31		532.25		-6.4080645161

		1270		87.65		-477.95		51.33		84.35		221.61		496.31		-6.1209677419

		1280		88.43		-470.28		60.5		85.16		216.76		459.17		-4.8838709677

		1290		89.21		-475.39		85.5		85.95		213.26		424.68		-5.7080645161

		1300		89.99		-471.17		95		86.74		210.35		420.68		-5.0274193548

		1310		90.78		-464.77		67.08		87.53		215.3		418.02		-3.9951612903

		1320		91.56		-471.4		39.17		88.32		220.26		430.78		-5.064516129

		1330		92.35		-469.84		36.42		89.12		222.77		443.54		-4.8129032258

		1340		93.15		-466.57		27.25		89.91		224.47		453.22		-4.285483871

		1350		93.94		-468.47		17		90.71		226.31		448.91		-4.5919354839

		1360		94.73		-472		24.52		91.51		229.41		444.6		-5.1612903226

		1370		95.53		-470.42		28.43		92.31		232.51		433.08		-4.9064516129

		1380		96.33		-464.69		13.48		93.12		232.59		417.34		-3.9822580645

		1390		97.13		-465.83		42.17		93.93		229.88		406.11		-4.1661290323

		1400		97.93		-465.48		56		94.74		227.18		406.5		-4.1096774194

		1410		98.74		-463.17		54.75		95.55		229.6		406.88		-3.7370967742

		1420		99.55		-459.69		53.5		96.36		233.73		423.21		-3.1758064516

		1430		100.38		-457.24		55.46		97.18		234.1		446.36		-2.7806451613

		1440		101.23		-460.89		78.38		98		229.87		469.52		-3.3693548387

		1450		102.08		-468.1		72		98.83		225.63		479.35		-4.5322580645

		1460		102.97		-466.45		73.91		99.67		226.38		509.63		-4.2661290323

		1470		103.87		-469.43		37.55		100.52		228.01		506.34		-4.7467741935

		1480		104.78		-466.93		27.87		101.39		230.58		501.91		-4.3435483871

		1490		105.71		-468.74		40.04		102.28		234.62		524.74		-4.635483871

		1500		106.65		-469.11		39		103.17		238.44		547.58		-4.6951612903

		1510		107.64		-484.17		35.17		104.1		236.94		566.55		-7.1241935484

		1520		108.62		-481.53		36.48		105.03		235.44		581.64		-6.6983870968

		1530		109.6		-479.63		26.35		105.98		236.2		573.31		-6.3919354839

		1540		110.57		-476.4		27.22		106.96		240.79		463.41		-5.8709677419

		1550		111.53		-478.78		17		107.95		242.88		444.23		-6.2548387097

		1560		112.45		-480.79		10.26		108.97		239.16		452.74		-6.5790322581

		1570		113.37		-479.64		17.22		109.98		235.43		459.43		-6.3935483871

		1580		114.27		-473.94		22.71		110.97		234.87		466.13		-5.4741935484

		1590		115.15		-468.3		23.89		111.93		237.72		463.5		-4.564516129

		1600		116.02		-468.07		32		112.88		242.53		457.25		-4.5274193548

		1610		116.85		-460.36		13.4		113.79		255.16		451		-3.2838709677

		1620		117.68		-458.29		16.43		114.7		267.79		445.98		-2.95

		1630		118.5		-451.61		27.86		115.59		275.36		453.58		-1.8725806452

		1640		119.29		-452.02		10		116.46		273.52		490.88		-1.9387096774

		1650		120.09		-448.9		23		117.32		271.68		499.06		-1.435483871

		1660		120.85		-447.81		33.6		118.15		274.51		507.23		-1.2596774194

		1670		121.61		-448.1		17		118.97		277.86		515.59		-1.3064516129

		1680		122.36		-447.17		24.43		119.78		278.75		527.43		-1.1564516129

		1690		123.1		-441.91		30.1		120.57		275.28		539.27		-0.3080645161

		1700		123.83		-442.83		5		121.36		271.81		547.55		-0.4564516129

		1710		124.54		-436.6		7		122.12		269.32		553.45		0.5483870968

		1720		125.25		-438.57		58		122.87		266.93		557.96		0.2306451613

		1730		125.95		-443.29		22.88		123.61		265.96		560.37		-0.5306451613

		1740		126.65		-439.33		16		124.33		268.01		564.12		0.1080645161

		1750		127.34		-434.71		48		125.04		270.06		570.75		0.8532258065

		1760		128.04		-436.55		17.8		125.76		272.11		577.37		0.5564516129

		1770		128.74		-435.07		12.33		126.48		274.16		584		0.7951612903

		1780		129.44		-437.07		25.67		127.19		273.23		585.04		0.4725806452

		1790		130.15		-435.33		26.2		127.9		270.22		586.6		0.7532258065

		1800		130.86		-430.06		24		128.61		267.22		594.07		1.6032258065

		1810		131.57		-425.54		55.06		129.33		269.27		601.54		2.3322580645

		1820		132.29		-427.15		14.43		130.05		272.92		609.02		2.0725806452

		1830		133.01		-420.98		9.2		130.78		273.44		616.49		3.0677419355

		1840		133.74		-428.51		30.5		131.51		269.81		629.03		1.8532258065

		1850		134.47		-440.89		46		132.24		266.18		646.08		-0.1435483871

		1860		135.24		-430.44		11.38		132.99		277.41		649.35		1.5419354839

		1870		136		-437.21		10		133.73		289.42		693.41		0.45

		1880		136.8		-442.66		18		134.48		291.71		600.31		-0.4290322581

		1890		137.64		-454.55		8.25		135.25		280.02		532.7		-2.3467741935

		1900		138.49		-456.74		18		136.02		268.34		527.77		-2.7

		1910		139.43		-464.04		24		136.86		260		509.61		-3.8774193548

		1920		140.4		-473.68		42		137.72		252.5		483.99		-5.4322580645

		1930		141.39		-484.07		92.38		138.61		245		458.38		-7.1080645161

		1940		142.49		-486.84		60.33		139.58		237.51		445.28		-7.5548387097

		1950		143.61		-485.33		344		140.57		230.31		435.5		-7.3112903226

		1960		144.89		-496.7		96.33		141.68		225.05		419.71		-9.1451612903

		1970		146.18		-496.39		156.5		142.78		219.79		398.54		-9.0951612903

		1980		147.58		-490.49		162		143.98		211.62		352.91		-8.1435483871

		1990		149.11		-492		98		145.29		200.16		363.05		-8.3870967742

		2000		150.67		-490.51		301		146.65		191.69		369.66		-8.1467741935

		2010		152.35		-495.73		296		148.23		195.12		337.2		-8.9887096774

		2020		154.02		-490.8		297.89		149.8		198.55		318.25		-8.1935483871

		2030		155.7		-495.07		247		151.45		198.89		318.94		-8.8822580645

		2040		157.38		-492.08		184.27		153.18		195.15		339.4		-8.4

		2050		159.05		-496.54		308		154.92		191.41		348.54		-9.1193548387

		2060		160.73		-492.25		90.36		156.65		192.8		353.25		-8.4274193548
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Ice and Gas Age in Vostok Core
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Dust

Delta Temp

Gas age/Dust age  (ka)

Dust Concentration scale

Delta Temp scale

Dust vs. Temperature
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		-62.7193548387		-62.7193548387

		-62.4725806452		-62.4725806452

		-62.8032258065		-62.8032258065

		-62.5080645161		-62.5080645161

		-62.2677419355		-62.2677419355

		-61.7467741935		-61.7467741935

		-61.5806451613		-61.5806451613

		-61.3080645161		-61.3080645161

		-61.6709677419		-61.6709677419

		-61.2096774194		-61.2096774194

		-61.8322580645		-61.8322580645

		-61.1225806452		-61.1225806452

		-62.5290322581		-62.5290322581

		-62.085483871		-62.085483871

		-60.785483871		-60.785483871

		-60.035483871		-60.035483871

		-59.3967741935		-59.3967741935

		-60.5516129032		-60.5516129032

		-61.3032258065		-61.3032258065

		-61.1887096774		-61.1887096774

		-62.1		-62.1

		-62.7403225806		-62.7403225806

		-63.3274193548		-63.3274193548

		-62.1080645161		-62.1080645161

		-63.5870967742		-63.5870967742

		-63.8241935484		-63.8241935484

		-64.1338709677		-64.1338709677

		-63.1983870968		-63.1983870968

		-63.485483871		-63.485483871

		-61.8919354839		-61.8919354839

		-62.5935483871		-62.5935483871

		-62.5		-62.5

		-61.6225806452		-61.6225806452

		-62.5370967742		-62.5370967742

		-62.8629032258		-62.8629032258

		-62.7193548387		-62.7193548387

		-61.5048387097		-61.5048387097

		-60.2016129032		-60.2016129032

		-61.3725806452		-61.3725806452

		-62.9870967742		-62.9870967742

		-61.5225806452		-61.5225806452

		-62.235483871		-62.235483871

		-61.3419354839		-61.3419354839

		-59.9161290323		-59.9161290323

		-59.6451612903		-59.6451612903

		-59.0064516129		-59.0064516129

		-59.8322580645		-59.8322580645

		-59.0758064516		-59.0758064516

		-59.835483871		-59.835483871

		-59.1209677419		-59.1209677419

		-58.0548387097		-58.0548387097

		-58.9403225806		-58.9403225806

		-59.6306451613		-59.6306451613

		-60.0806451613		-60.0806451613

		-60.1435483871		-60.1435483871

		-59.7177419355		-59.7177419355

		-60.9774193548		-60.9774193548

		-61.9080645161		-61.9080645161

		-61.6209677419		-61.6209677419

		-60.3838709677		-60.3838709677

		-61.2080645161		-61.2080645161

		-60.5274193548		-60.5274193548

		-59.4951612903		-59.4951612903

		-60.564516129		-60.564516129

		-60.3129032258		-60.3129032258

		-59.785483871		-59.785483871

		-60.0919354839		-60.0919354839

		-60.6612903226		-60.6612903226

		-60.4064516129		-60.4064516129

		-59.4822580645		-59.4822580645

		-59.6661290323		-59.6661290323

		-59.6096774194		-59.6096774194

		-59.2370967742		-59.2370967742

		-58.6758064516		-58.6758064516

		-58.2806451613		-58.2806451613

		-58.8693548387		-58.8693548387

		-60.0322580645		-60.0322580645

		-59.7661290323		-59.7661290323

		-60.2467741935		-60.2467741935

		-59.8435483871		-59.8435483871

		-60.135483871		-60.135483871

		-60.1951612903		-60.1951612903

		-62.6241935484		-62.6241935484

		-62.1983870968		-62.1983870968

		-61.8919354839		-61.8919354839

		-61.3709677419		-61.3709677419

		-61.7548387097		-61.7548387097

		-62.0790322581		-62.0790322581

		-61.8935483871		-61.8935483871

		-60.9741935484		-60.9741935484

		-60.064516129		-60.064516129

		-60.0274193548		-60.0274193548

		-58.7838709677		-58.7838709677

		-58.45		-58.45

		-57.3725806452		-57.3725806452

		-57.4387096774		-57.4387096774

		-56.935483871		-56.935483871

		-56.7596774194		-56.7596774194

		-56.8064516129		-56.8064516129

		-56.6564516129		-56.6564516129

		-55.8080645161		-55.8080645161

		-55.9564516129		-55.9564516129

		-54.9516129032		-54.9516129032

		-55.2693548387		-55.2693548387

		-56.0306451613		-56.0306451613

		-55.3919354839		-55.3919354839

		-54.6467741935		-54.6467741935

		-54.9435483871		-54.9435483871

		-54.7048387097		-54.7048387097

		-55.0274193548		-55.0274193548

		-54.7467741935		-54.7467741935

		-53.8967741935		-53.8967741935

		-53.1677419355		-53.1677419355

		-53.4274193548		-53.4274193548

		-52.4322580645		-52.4322580645

		-53.6467741935		-53.6467741935

		-55.6435483871		-55.6435483871

		-53.9580645161		-53.9580645161

		-55.05		-55.05

		-55.9290322581		-55.9290322581

		-57.8467741935		-57.8467741935

		-58.2		-58.2

		-59.3774193548		-59.3774193548

		-60.9322580645		-60.9322580645

		-62.6080645161		-62.6080645161

		-63.0548387097		-63.0548387097

		-62.8112903226		-62.8112903226

		-64.6451612903		-64.6451612903

		-64.5951612903		-64.5951612903

		-63.6435483871		-63.6435483871

		-63.8870967742		-63.8870967742

		-63.6467741935		-63.6467741935

		-64.4887096774		-64.4887096774

		-63.6935483871		-63.6935483871

		-64.3822580645		-64.3822580645

		-63.9		-63.9

		-64.6193548387		-64.6193548387

		-63.9274193548		-63.9274193548



CH4 ppbv

CO2 ppmv

Vostok Temp (deg C)

Gas concentration

CO2 and CH4 vs. Temperature
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198.63

419
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211.31
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210.85
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209.82
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209.48
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208.87
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208.25

433.2

207.63

427.04

207.02

432.67
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436.13
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205.15
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500.03
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519.33
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525

204.78
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211.41

479.56

218.04

446.61

217.91

431.71

215.88

419.74

213.48

411.32

210.29

412.52
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413.71

204.63

414.32

202.32

414.74
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417.81

196.2

425.41

192.84

433.01

192.36

430.68

192.83

426.86

195.81

427.44

200.14

441.21

204.46

454.97

212.63

449.26

222

438.06

229.73

433.53

235.93

446.13

242.13

458.72

239.98

444.31

236.47

420.41

233.93

405.39

232.1

420.15

229.95

434.9

225.77

457.1

221.59

481.28

219.8

504.24

220.39

524.93

220.98

545.53

221.57

563.35

222.16

581.17

224.42

586.42

228.88

559.33

233.33

532.25

228.31

496.31

221.61

459.17

216.76

424.68

213.26

420.68

210.35

418.02

215.3

430.78

220.26

443.54

222.77

453.22

224.47

448.91

226.31

444.6

229.41

433.08

232.51

417.34

232.59

406.11
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406.5

227.18

406.88

229.6

423.21

233.73

446.36

234.1

469.52

229.87

479.35

225.63

509.63

226.38

506.34

228.01

501.91

230.58

524.74

234.62

547.58

238.44

566.55

236.94

581.64

235.44

573.31

236.2

463.41

240.79

444.23

242.88

452.74

239.16

459.43

235.43

466.13

234.87

463.5

237.72

457.25

242.53

451

255.16

445.98

267.79

453.58

275.36

490.88

273.52

499.06

271.68

507.23

274.51

515.59

277.86

527.43

278.75

539.27

275.28

547.55

271.81

553.45

269.32

557.96

266.93

560.37

265.96

564.12

268.01

570.75

270.06

577.37

272.11

584

274.16

585.04

273.23

586.6

270.22

594.07

267.22

601.54

269.27

609.02

272.92

616.49

273.44

629.03

269.81

646.08

266.18

649.35

277.41

693.41

289.42

600.31

291.71

532.7

280.02

527.77

268.34

509.61

260

483.99

252.5

458.38

245

445.28

237.51

435.5

230.31

419.71

225.05

398.54

219.79

352.91

211.62

363.05

200.16

369.66

191.69

337.2

195.12

318.25

198.55

318.94

198.89

339.4

195.15

348.54

191.41

353.25

192.8



Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4		Delta temp		Vostok Temp

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv		(deg C)		(deg C)

		130		4.26		-438.94		6.58		1.9		274				0.1709677419		-55.3290322581

		140		4.66		-435.94		12.42		2.28		273.07				0.6548387097		-54.8451612903

		150		5.06		-439.72		11		2.66		272.14		666.93		0.0451612903		-55.4548387097

		160		5.45		-441.88		7.47		3.04		271.22		653.54		-0.3032258065		-55.8032258065

		170		5.85		-434.77		6.13		3.41		270.29		640.15		0.8435483871		-54.6564516129

		180		6.27		-440.36		11.57		3.82		268.39		594.65		-0.0580645161		-55.5580645161

		190		6.7		-441.26		10.33		4.25		266.06		593.28		-0.2032258065		-55.7032258065

		200		7.14		-423.85		15		4.67		263.73		591.92		2.6048387097		-52.8951612903

		210		7.57		-438.79		15.48		5.09		261.4		590.55		0.1951612903		-55.3048387097

		220		8.01		-438.94		15.95		5.52		259.06		589.19		0.1709677419		-55.3290322581

		230		8.44		-435.7		16.75		5.94		256.73		585.64		0.6935483871		-54.8064516129

		240		8.87		-434.32		10.25		6.36		254.4		579.11		0.9161290323		-54.5838709677

		250		9.31		-439.38		12		6.79		252.07		593.3		0.1		-55.4

		260		9.76		-435.64		16.75		7.23		255.09		607.49		0.7032258065		-54.7967741935

		270		10.24		-443.25		19.29		7.68		257.22		621.4		-0.5241935484		-56.0241935484

		280		10.74		-454.11		12		8.13		257.77		634.89		-2.2758064516		-57.7758064516

		290		11.24		-460.28		30		8.58		258.31		648.38		-3.2709677419		-58.7709677419

		300		11.74		-458.56		16		9.02		258.86		661.87		-2.9935483871		-58.4935483871

		310		12.32		-451.23		13		9.52		257.58		650.61		-1.8112903226		-57.3112903226

		320		12.94		-461.94		34		10.04		255.66		624.17		-3.5387096774		-59.0387096774

		330		13.55		-470.88		68		10.56		253.75		500.31		-4.9806451613		-60.4806451613

		340		14.17		-476.82		161.5		11.08		251.83		496.15		-5.9387096774		-61.4387096774

		350		14.78		-483.99		255		11.6		249.91		592.5		-7.0951612903		-62.5951612903

		360		15.39		-489.57		325.91		12.12		247.99		640.33		-7.9951612903		-63.4951612903

		370		16.01		-494.94		247.55		12.64		246.07		593.7		-8.8612903226		-64.3612903226

		380		16.69		-488.96		484		13.22		240.5		466.61		-7.8967741935		-63.3967741935

		390		17.48		-496.59		436.5		13.87		230.26		435.7		-9.1274193548		-64.6274193548

		400		18.26		-493.46		389		14.52		220.02		424.48		-8.6225806452		-64.1225806452

		410		19.05		-493.2		522.14		15.18		209.79		413.27		-8.5806451613		-64.0806451613

		420		19.83		-498.63		347.86		15.83		199.55		402.06		-9.4564516129		-64.9564516129

		430		20.63		-494.72		603.33		16.54		193.11		388.12		-8.8258064516		-64.3258064516

		440		21.45		-495.59		668.43		17.34		193.43		369.51		-8.9661290323		-64.4661290323

		450		22.28		-487.49		267		18.15		193.74		356.85		-7.6596774194		-63.1596774194

		460		23.11		-490.4		364		18.95		194.05		353.02		-8.1290322581		-63.6290322581

		470		23.93		-491.81		518.79		19.75		194.37		376.64		-8.3564516129		-63.8564516129

		480		24.76		-496.94		461.71		20.58		195.13		365.26		-9.1838709677		-64.6838709677

		490		25.6		-489.53		263.47		21.42		196.21		349.99		-7.9887096774		-63.4887096774

		500		26.43		-484.69		166		22.27		197.29		381.42		-7.2080645161		-62.7080645161

		510		27.27		-494.34		303.45		23.11		198.37		403.16		-8.764516129		-64.264516129

		520		28.1		-488.52		289.82		23.96		199.45		395.28		-7.8258064516		-63.3258064516

		530		28.93		-492.44		266		24.81		199.81		387.39		-8.4580645161		-63.9580645161

		540		29.74		-485.11		232		25.66		199.41		391.67		-7.2758064516		-62.7758064516

		550		30.56		-489.15		198		26.51		199.02		407.48		-7.9274193548		-63.4274193548

		560		31.38		-483.53		133.2		27.36		198.63		416.47		-7.0209677419		-62.5209677419

		570		32.19		-474.11		68.4		28.21		198.24		419		-5.5016129032		-61.0016129032

		580		33		-476.61		71.26		29.05		201.8		421.53		-5.9048387097		-61.4048387097

		590		33.79		-486.59		136.91		29.89		211.31		425.3		-7.514516129		-63.014516129

		600		34.59		-484.11		241		30.72		220.81		430.79		-7.114516129		-62.614516129

		610		35.37		-481.41		104.48		31.53		217.71		488.22		-6.6790322581		-62.1790322581

		620		36.16		-483.57		88.83		32.35		210.85		536.7		-7.0274193548		-62.5274193548

		630		36.94		-479.8		85.83		33.15		207.51		508.13		-6.4193548387		-61.9193548387

		640		37.71		-481.06		80.42		33.95		208.66		476.62		-6.6225806452		-62.1225806452

		650		38.48		-480.87		75		34.74		209.82		474.92		-6.5919354839		-62.0919354839

		660		39.24		-471.56		88.13		35.52		209.48		481.14		-5.0903225806		-60.5903225806

		670		40.01		-477.47		92.71		36.3		208.87		473.2		-6.0435483871		-61.5435483871

		680		40.77		-475.69		74.35		37.08		208.25		453.2		-5.7564516129		-61.2564516129

		690		41.53		-484.76		75.22		37.86		207.63		433.2		-7.2193548387		-62.7193548387

		700		42.3		-483.23		187		38.64		207.02		427.04		-6.9725806452		-62.4725806452

		710		43.06		-485.28		135.75		39.4		201.24		432.67		-7.3032258065		-62.8032258065

		720		43.82		-483.45		119.92		40.16		195.3		438.3		-7.0080645161		-62.5080645161

		730		44.58		-481.96		99.8		40.92		189.37		436.13		-6.7677419355		-62.2677419355

		740		45.34		-478.73		75.4		41.68		183.43		426.77		-6.2467741935		-61.7467741935

		750		46.1		-477.7		51		42.44		179.86		417.3		-6.0806451613		-61.5806451613

		760		46.85		-476.01		62.75		43.2		187.85		407.3		-5.8080645161		-61.3080645161

		770		47.61		-478.26		40.25		43.96		195.84		415.14		-6.1709677419		-61.6709677419

		780		48.36		-475.4		114.18		44.71		201.49		443.08		-5.7096774194		-61.2096774194

		790		49.1		-479.26		95.09		45.47		204.6		468.87		-6.3322580645		-61.8322580645

		800		49.85		-474.86		76		46.22		207.7		484.84		-5.6225806452		-61.1225806452

		810		50.6		-483.58		78.33		46.97		206.42		500.81		-7.0290322581		-62.5290322581

		820		51.34		-480.83		101.67		47.72		205.15		495.58		-6.585483871		-62.085483871

		830		52.09		-472.77		82.42		48.47		203.87		485.05		-5.285483871		-60.785483871

		840		52.84		-468.12		83.25		49.21		202.6		486.85		-4.535483871		-60.035483871

		850		53.58		-464.16		58		49.96		201.32		500.03		-3.8967741935		-59.3967741935

		860		54.35		-471.32		172.58		50.71		201		513.21		-5.0516129032		-60.5516129032

		870		55.12		-475.98		287.17		51.45		201		519.33		-5.8032258065		-61.3032258065

		880		55.9		-475.27		187.63		52.2		204.78		525		-5.6887096774		-61.1887096774

		890		56.69		-480.92		188.88		52.95		211.41		512.51		-6.6		-62.1

		900		57.49		-484.89		151		53.7		218.04		479.56		-7.2403225806		-62.7403225806

		910		58.3		-488.53		251.42		54.47		217.91		446.61		-7.8274193548		-63.3274193548

		920		59.11		-480.97		351.83		55.25		215.88		431.71		-6.6080645161		-62.1080645161

		930		59.94		-490.14		315.71		56.04		213.48		419.74		-8.0870967742		-63.5870967742

		940		60.78		-491.61		381.13		56.84		210.29		411.32		-8.3241935484		-63.8241935484

		950		61.63		-493.53		299		57.65		207.11		412.52		-8.6338709677		-64.1338709677

		960		62.5		-487.73		246.44		58.47		204.63		413.71		-7.6983870968		-63.1983870968

		970		63.38		-489.51		437.56		59.3		202.32		414.32		-7.985483871		-63.485483871

		980		64.26		-479.63		237.5		60.14		199.56		414.74		-6.3919354839		-61.8919354839

		990		65.13		-483.98		126		61		196.2		417.81		-7.0935483871		-62.5935483871

		1000		66.01		-483.4		25		61.86		192.84		425.41		-7		-62.5

		1010		66.88		-477.96		36		62.75		192.36		433.01		-6.1225806452		-61.6225806452

		1020		67.74		-483.63		50.5		63.65		192.83		430.68		-7.0370967742		-62.5370967742

		1030		68.59		-485.65		48.5		64.54		195.81		426.86		-7.3629032258		-62.8629032258

		1040		69.43		-484.76		80.29		65.43		200.14		427.44		-7.2193548387		-62.7193548387

		1050		70.27		-477.23		41		66.33		204.46		441.21		-6.0048387097		-61.5048387097

		1060		71.1		-469.15		36		67.2		212.63		454.97		-4.7016129032		-60.2016129032

		1070		71.93		-476.41		31		68.07		222		449.26		-5.8725806452		-61.3725806452

		1080		72.75		-486.42		38.54		68.94		229.73		438.06		-7.4870967742		-62.9870967742

		1090		73.57		-477.34		55.63		69.79		235.93		433.53		-6.0225806452		-61.5225806452

		1100		74.39		-481.76		93		70.65		242.13		446.13		-6.735483871		-62.235483871

		1110		75.19		-476.22		100.92		71.49		239.98		458.72		-5.8419354839		-61.3419354839

		1120		75.99		-467.38		108.83		72.34		236.47		444.31		-4.4161290323		-59.9161290323

		1130		76.79		-465.7		65.5		73.17		233.93		420.41		-4.1451612903		-59.6451612903

		1140		77.58		-461.74		42.5		74		232.1		405.39		-3.5064516129		-59.0064516129

		1150		78.37		-466.86		89		74.83		229.95		420.15		-4.3322580645		-59.8322580645

		1160		79.15		-462.17		63.17		75.64		225.77		434.9		-3.5758064516		-59.0758064516

		1170		79.93		-466.88		37.33		76.45		221.59		457.1		-4.335483871		-59.835483871

		1180		80.7		-462.45		23.63		77.26		219.8		481.28		-3.6209677419		-59.1209677419

		1190		81.47		-455.84		24.88		78.06		220.39		504.24		-2.5548387097		-58.0548387097

		1200		82.24		-461.33		31		78.85		220.98		524.93		-3.4403225806		-58.9403225806

		1210		83.01		-465.61		33.08		79.65		221.57		545.53		-4.1306451613		-59.6306451613

		1220		83.78		-468.4		35.17		80.45		222.16		563.35		-4.5806451613		-60.0806451613

		1230		84.55		-468.79		44.33		81.22		224.42		581.17		-4.6435483871		-60.1435483871

		1240		85.33		-466.15		61		81.96		228.88		586.42		-4.2177419355		-59.7177419355

		1250		86.1		-473.96		83		82.71		233.33		559.33		-5.4774193548		-60.9774193548

		1260		86.88		-479.73		67.17		83.52		228.31		532.25		-6.4080645161		-61.9080645161

		1270		87.65		-477.95		51.33		84.35		221.61		496.31		-6.1209677419		-61.6209677419

		1280		88.43		-470.28		60.5		85.16		216.76		459.17		-4.8838709677		-60.3838709677

		1290		89.21		-475.39		85.5		85.95		213.26		424.68		-5.7080645161		-61.2080645161

		1300		89.99		-471.17		95		86.74		210.35		420.68		-5.0274193548		-60.5274193548

		1310		90.78		-464.77		67.08		87.53		215.3		418.02		-3.9951612903		-59.4951612903

		1320		91.56		-471.4		39.17		88.32		220.26		430.78		-5.064516129		-60.564516129

		1330		92.35		-469.84		36.42		89.12		222.77		443.54		-4.8129032258		-60.3129032258

		1340		93.15		-466.57		27.25		89.91		224.47		453.22		-4.285483871		-59.785483871

		1350		93.94		-468.47		17		90.71		226.31		448.91		-4.5919354839		-60.0919354839

		1360		94.73		-472		24.52		91.51		229.41		444.6		-5.1612903226		-60.6612903226

		1370		95.53		-470.42		28.43		92.31		232.51		433.08		-4.9064516129		-60.4064516129

		1380		96.33		-464.69		13.48		93.12		232.59		417.34		-3.9822580645		-59.4822580645

		1390		97.13		-465.83		42.17		93.93		229.88		406.11		-4.1661290323		-59.6661290323

		1400		97.93		-465.48		56		94.74		227.18		406.5		-4.1096774194		-59.6096774194

		1410		98.74		-463.17		54.75		95.55		229.6		406.88		-3.7370967742		-59.2370967742

		1420		99.55		-459.69		53.5		96.36		233.73		423.21		-3.1758064516		-58.6758064516

		1430		100.38		-457.24		55.46		97.18		234.1		446.36		-2.7806451613		-58.2806451613

		1440		101.23		-460.89		78.38		98		229.87		469.52		-3.3693548387		-58.8693548387

		1450		102.08		-468.1		72		98.83		225.63		479.35		-4.5322580645		-60.0322580645

		1460		102.97		-466.45		73.91		99.67		226.38		509.63		-4.2661290323		-59.7661290323

		1470		103.87		-469.43		37.55		100.52		228.01		506.34		-4.7467741935		-60.2467741935

		1480		104.78		-466.93		27.87		101.39		230.58		501.91		-4.3435483871		-59.8435483871

		1490		105.71		-468.74		40.04		102.28		234.62		524.74		-4.635483871		-60.135483871

		1500		106.65		-469.11		39		103.17		238.44		547.58		-4.6951612903		-60.1951612903

		1510		107.64		-484.17		35.17		104.1		236.94		566.55		-7.1241935484		-62.6241935484

		1520		108.62		-481.53		36.48		105.03		235.44		581.64		-6.6983870968		-62.1983870968

		1530		109.6		-479.63		26.35		105.98		236.2		573.31		-6.3919354839		-61.8919354839

		1540		110.57		-476.4		27.22		106.96		240.79		463.41		-5.8709677419		-61.3709677419

		1550		111.53		-478.78		17		107.95		242.88		444.23		-6.2548387097		-61.7548387097

		1560		112.45		-480.79		10.26		108.97		239.16		452.74		-6.5790322581		-62.0790322581

		1570		113.37		-479.64		17.22		109.98		235.43		459.43		-6.3935483871		-61.8935483871

		1580		114.27		-473.94		22.71		110.97		234.87		466.13		-5.4741935484		-60.9741935484

		1590		115.15		-468.3		23.89		111.93		237.72		463.5		-4.564516129		-60.064516129

		1600		116.02		-468.07		32		112.88		242.53		457.25		-4.5274193548		-60.0274193548

		1610		116.85		-460.36		13.4		113.79		255.16		451		-3.2838709677		-58.7838709677

		1620		117.68		-458.29		16.43		114.7		267.79		445.98		-2.95		-58.45

		1630		118.5		-451.61		27.86		115.59		275.36		453.58		-1.8725806452		-57.3725806452

		1640		119.29		-452.02		10		116.46		273.52		490.88		-1.9387096774		-57.4387096774

		1650		120.09		-448.9		23		117.32		271.68		499.06		-1.435483871		-56.935483871

		1660		120.85		-447.81		33.6		118.15		274.51		507.23		-1.2596774194		-56.7596774194

		1670		121.61		-448.1		17		118.97		277.86		515.59		-1.3064516129		-56.8064516129

		1680		122.36		-447.17		24.43		119.78		278.75		527.43		-1.1564516129		-56.6564516129

		1690		123.1		-441.91		30.1		120.57		275.28		539.27		-0.3080645161		-55.8080645161

		1700		123.83		-442.83		5		121.36		271.81		547.55		-0.4564516129		-55.9564516129

		1710		124.54		-436.6		7		122.12		269.32		553.45		0.5483870968		-54.9516129032

		1720		125.25		-438.57		58		122.87		266.93		557.96		0.2306451613		-55.2693548387

		1730		125.95		-443.29		22.88		123.61		265.96		560.37		-0.5306451613		-56.0306451613

		1740		126.65		-439.33		16		124.33		268.01		564.12		0.1080645161		-55.3919354839

		1750		127.34		-434.71		48		125.04		270.06		570.75		0.8532258065		-54.6467741935

		1760		128.04		-436.55		17.8		125.76		272.11		577.37		0.5564516129		-54.9435483871

		1770		128.74		-435.07		12.33		126.48		274.16		584		0.7951612903		-54.7048387097

		1780		129.44		-437.07		25.67		127.19		273.23		585.04		0.4725806452		-55.0274193548

		1790		130.15		-435.33		26.2		127.9		270.22		586.6		0.7532258065		-54.7467741935

		1800		130.86		-430.06		24		128.61		267.22		594.07		1.6032258065		-53.8967741935

		1810		131.57		-425.54		55.06		129.33		269.27		601.54		2.3322580645		-53.1677419355

		1820		132.29		-427.15		14.43		130.05		272.92		609.02		2.0725806452		-53.4274193548

		1830		133.01		-420.98		9.2		130.78		273.44		616.49		3.0677419355		-52.4322580645

		1840		133.74		-428.51		30.5		131.51		269.81		629.03		1.8532258065		-53.6467741935

		1850		134.47		-440.89		46		132.24		266.18		646.08		-0.1435483871		-55.6435483871

		1860		135.24		-430.44		11.38		132.99		277.41		649.35		1.5419354839		-53.9580645161

		1870		136		-437.21		10		133.73		289.42		693.41		0.45		-55.05

		1880		136.8		-442.66		18		134.48		291.71		600.31		-0.4290322581		-55.9290322581

		1890		137.64		-454.55		8.25		135.25		280.02		532.7		-2.3467741935		-57.8467741935

		1900		138.49		-456.74		18		136.02		268.34		527.77		-2.7		-58.2

		1910		139.43		-464.04		24		136.86		260		509.61		-3.8774193548		-59.3774193548

		1920		140.4		-473.68		42		137.72		252.5		483.99		-5.4322580645		-60.9322580645

		1930		141.39		-484.07		92.38		138.61		245		458.38		-7.1080645161		-62.6080645161

		1940		142.49		-486.84		60.33		139.58		237.51		445.28		-7.5548387097		-63.0548387097

		1950		143.61		-485.33		344		140.57		230.31		435.5		-7.3112903226		-62.8112903226

		1960		144.89		-496.7		96.33		141.68		225.05		419.71		-9.1451612903		-64.6451612903

		1970		146.18		-496.39		156.5		142.78		219.79		398.54		-9.0951612903		-64.5951612903

		1980		147.58		-490.49		162		143.98		211.62		352.91		-8.1435483871		-63.6435483871

		1990		149.11		-492		98		145.29		200.16		363.05		-8.3870967742		-63.8870967742

		2000		150.67		-490.51		301		146.65		191.69		369.66		-8.1467741935		-63.6467741935

		2010		152.35		-495.73		296		148.23		195.12		337.2		-8.9887096774		-64.4887096774

		2020		154.02		-490.8		297.89		149.8		198.55		318.25		-8.1935483871		-63.6935483871

		2030		155.7		-495.07		247		151.45		198.89		318.94		-8.8822580645		-64.3822580645

		2040		157.38		-492.08		184.27		153.18		195.15		339.4		-8.4		-63.9

		2050		159.05		-496.54		308		154.92		191.41		348.54		-9.1193548387		-64.6193548387

		2060		160.73		-492.25		90.36		156.65		192.8		353.25		-8.4274193548		-63.9274193548
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Ice and Gas Age in Vostok Core
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CO2 and CH4 Concentrations
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			31.38			31.38


			32.19			32.19


			33			33


			33.79			33.79


			34.59			34.59


			35.37			35.37


			36.16			36.16


			36.94			36.94


			37.71			37.71


			38.48			38.48


			39.24			39.24


			40.01			40.01


			40.77			40.77


			41.53			41.53


			42.3			42.3


			43.06			43.06


			43.82			43.82


			44.58			44.58


			45.34			45.34


			46.1			46.1


			46.85			46.85


			47.61			47.61


			48.36			48.36


			49.1			49.1


			49.85			49.85


			50.6			50.6


			51.34			51.34


			52.09			52.09


			52.84			52.84


			53.58			53.58


			54.35			54.35


			55.12			55.12


			55.9			55.9


			56.69			56.69


			57.49			57.49


			58.3			58.3


			59.11			59.11


			59.94			59.94


			60.78			60.78


			61.63			61.63


			62.5			62.5


			63.38			63.38


			64.26			64.26


			65.13			65.13


			66.01			66.01


			66.88			66.88


			67.74			67.74


			68.59			68.59


			69.43			69.43


			70.27			70.27


			71.1			71.1


			71.93			71.93


			72.75			72.75


			73.57			73.57


			74.39			74.39


			75.19			75.19


			75.99			75.99


			76.79			76.79


			77.58			77.58


			78.37			78.37


			79.15			79.15


			79.93			79.93


			80.7			80.7


			81.47			81.47


			82.24			82.24


			83.01			83.01


			83.78			83.78


			84.55			84.55


			85.33			85.33


			86.1			86.1


			86.88			86.88


			87.65			87.65


			88.43			88.43


			89.21			89.21


			89.99			89.99


			90.78			90.78


			91.56			91.56


			92.35			92.35


			93.15			93.15


			93.94			93.94


			94.73			94.73


			95.53			95.53


			96.33			96.33


			97.13			97.13


			97.93			97.93


			98.74			98.74


			99.55			99.55


			100.38			100.38


			101.23			101.23


			102.08			102.08


			102.97			102.97


			103.87			103.87


			104.78			104.78


			105.71			105.71


			106.65			106.65


			107.64			107.64


			108.62			108.62


			109.6			109.6


			110.57			110.57


			111.53			111.53


			112.45			112.45


			113.37			113.37


			114.27			114.27


			115.15			115.15


			116.02			116.02


			116.85			116.85


			117.68			117.68


			118.5			118.5


			119.29			119.29


			120.09			120.09


			120.85			120.85


			121.61			121.61


			122.36			122.36


			123.1			123.1


			123.83			123.83


			124.54			124.54


			125.25			125.25


			125.95			125.95


			126.65			126.65


			127.34			127.34


			128.04			128.04


			128.74			128.74


			129.44			129.44


			130.15			130.15


			130.86			130.86


			131.57			131.57


			132.29			132.29


			133.01			133.01


			133.74			133.74


			134.47			134.47


			135.24			135.24


			136			136


			136.8			136.8


			137.64			137.64


			138.49			138.49


			139.43			139.43


			140.4			140.4


			141.39			141.39


			142.49			142.49


			143.61			143.61


			144.89			144.89


			146.18			146.18


			147.58			147.58


			149.11			149.11


			150.67			150.67


			152.35			152.35


			154.02			154.02


			155.7			155.7


			157.38			157.38


			159.05			159.05


			160.73			160.73





Dust


Delta Temp


Gas age/Ice age  (ka)


Dust Concentration scale


Delta Temp scale


Dust and Temperature as Function of Age


6.58


0.1709677419


12.42


0.6548387097


11


0.0451612903


7.47


-0.3032258065


6.13


0.8435483871


11.57


-0.0580645161


10.33


-0.2032258065


15


2.6048387097


15.48


0.1951612903


15.95


0.1709677419


16.75


0.6935483871


10.25


0.9161290323


12


0.1


16.75


0.7032258065


19.29


-0.5241935484


12


-2.2758064516


30


-3.2709677419


16


-2.9935483871


13


-1.8112903226


34


-3.5387096774


68


-4.9806451613


161.5


-5.9387096774


255


-7.0951612903


325.91


-7.9951612903


247.55


-8.8612903226


484


-7.8967741935


436.5


-9.1274193548


389


-8.6225806452


522.14


-8.5806451613


347.86


-9.4564516129


603.33


-8.8258064516


668.43


-8.9661290323


267


-7.6596774194


364


-8.1290322581


518.79


-8.3564516129


461.71


-9.1838709677


263.47


-7.9887096774


166


-7.2080645161


303.45


-8.764516129


289.82


-7.8258064516


266


-8.4580645161


232


-7.2758064516


198


-7.9274193548


133.2


-7.0209677419


68.4


-5.5016129032


71.26


-5.9048387097


136.91


-7.514516129


241


-7.114516129


104.48


-6.6790322581


88.83


-7.0274193548


85.83


-6.4193548387


80.42


-6.6225806452


75


-6.5919354839


88.13


-5.0903225806


92.71


-6.0435483871


74.35


-5.7564516129


75.22


-7.2193548387


187


-6.9725806452


135.75


-7.3032258065


119.92


-7.0080645161


99.8


-6.7677419355


75.4


-6.2467741935


51


-6.0806451613


62.75


-5.8080645161


40.25


-6.1709677419


114.18


-5.7096774194


95.09


-6.3322580645


76


-5.6225806452


78.33


-7.0290322581


101.67


-6.585483871


82.42


-5.285483871


83.25


-4.535483871


58


-3.8967741935


172.58


-5.0516129032


287.17


-5.8032258065


187.63


-5.6887096774


188.88


-6.6


151


-7.2403225806


251.42


-7.8274193548


351.83


-6.6080645161


315.71


-8.0870967742


381.13


-8.3241935484


299


-8.6338709677


246.44


-7.6983870968


437.56


-7.985483871


237.5


-6.3919354839


126


-7.0935483871


25


-7


36


-6.1225806452


50.5


-7.0370967742


48.5


-7.3629032258


80.29


-7.2193548387


41


-6.0048387097


36


-4.7016129032


31


-5.8725806452


38.54


-7.4870967742


55.63


-6.0225806452


93


-6.735483871


100.92


-5.8419354839


108.83


-4.4161290323


65.5


-4.1451612903


42.5


-3.5064516129


89


-4.3322580645


63.17


-3.5758064516


37.33


-4.335483871


23.63


-3.6209677419


24.88


-2.5548387097


31


-3.4403225806


33.08


-4.1306451613


35.17


-4.5806451613


44.33


-4.6435483871


61


-4.2177419355


83


-5.4774193548


67.17


-6.4080645161


51.33


-6.1209677419


60.5


-4.8838709677


85.5


-5.7080645161


95


-5.0274193548


67.08


-3.9951612903


39.17


-5.064516129


36.42


-4.8129032258


27.25


-4.285483871


17


-4.5919354839


24.52


-5.1612903226


28.43


-4.9064516129


13.48


-3.9822580645


42.17


-4.1661290323


56


-4.1096774194


54.75


-3.7370967742


53.5


-3.1758064516


55.46


-2.7806451613


78.38


-3.3693548387


72


-4.5322580645


73.91


-4.2661290323


37.55


-4.7467741935


27.87


-4.3435483871


40.04


-4.635483871


39


-4.6951612903


35.17


-7.1241935484


36.48


-6.6983870968


26.35


-6.3919354839


27.22


-5.8709677419


17


-6.2548387097


10.26


-6.5790322581


17.22


-6.3935483871


22.71


-5.4741935484


23.89


-4.564516129


32


-4.5274193548


13.4


-3.2838709677


16.43


-2.95


27.86


-1.8725806452


10


-1.9387096774


23


-1.435483871


33.6


-1.2596774194


17


-1.3064516129


24.43


-1.1564516129


30.1


-0.3080645161


5


-0.4564516129


7


0.5483870968


58


0.2306451613


22.88


-0.5306451613


16


0.1080645161


48


0.8532258065


17.8


0.5564516129


12.33


0.7951612903


25.67


0.4725806452


26.2


0.7532258065


24


1.6032258065


55.06


2.3322580645


14.43


2.0725806452


9.2


3.0677419355


30.5


1.8532258065


46


-0.1435483871


11.38


1.5419354839


10


0.45


18


-0.4290322581


8.25


-2.3467741935


18


-2.7


24


-3.8774193548


42


-5.4322580645


92.38


-7.1080645161


60.33


-7.5548387097


344


-7.3112903226


96.33


-9.1451612903


156.5


-9.0951612903


162


-8.1435483871


98


-8.3870967742


301


-8.1467741935


296


-8.9887096774


297.89


-8.1935483871


247


-8.8822580645


184.27


-8.4


308


-9.1193548387


90.36


-8.4274193548





Vostok Data


			depth			ice_age			delta D			dust			gas_age			CO2			CH4			Delta temp


			m			ka			permille			10-9cm3g-1			ka			ppmv			ppbv			(deg C)


			130			4.26			-438.94			6.58			1.9			274						0.1709677419


			140			4.66			-435.94			12.42			2.28			273.07						0.6548387097


			150			5.06			-439.72			11			2.66			272.14			666.93			0.0451612903


			160			5.45			-441.88			7.47			3.04			271.22			653.54			-0.3032258065


			170			5.85			-434.77			6.13			3.41			270.29			640.15			0.8435483871


			180			6.27			-440.36			11.57			3.82			268.39			594.65			-0.0580645161


			190			6.7			-441.26			10.33			4.25			266.06			593.28			-0.2032258065


			200			7.14			-423.85			15			4.67			263.73			591.92			2.6048387097


			210			7.57			-438.79			15.48			5.09			261.4			590.55			0.1951612903


			220			8.01			-438.94			15.95			5.52			259.06			589.19			0.1709677419


			230			8.44			-435.7			16.75			5.94			256.73			585.64			0.6935483871


			240			8.87			-434.32			10.25			6.36			254.4			579.11			0.9161290323


			250			9.31			-439.38			12			6.79			252.07			593.3			0.1


			260			9.76			-435.64			16.75			7.23			255.09			607.49			0.7032258065


			270			10.24			-443.25			19.29			7.68			257.22			621.4			-0.5241935484


			280			10.74			-454.11			12			8.13			257.77			634.89			-2.2758064516


			290			11.24			-460.28			30			8.58			258.31			648.38			-3.2709677419


			300			11.74			-458.56			16			9.02			258.86			661.87			-2.9935483871


			310			12.32			-451.23			13			9.52			257.58			650.61			-1.8112903226


			320			12.94			-461.94			34			10.04			255.66			624.17			-3.5387096774


			330			13.55			-470.88			68			10.56			253.75			500.31			-4.9806451613


			340			14.17			-476.82			161.5			11.08			251.83			496.15			-5.9387096774


			350			14.78			-483.99			255			11.6			249.91			592.5			-7.0951612903


			360			15.39			-489.57			325.91			12.12			247.99			640.33			-7.9951612903


			370			16.01			-494.94			247.55			12.64			246.07			593.7			-8.8612903226


			380			16.69			-488.96			484			13.22			240.5			466.61			-7.8967741935


			390			17.48			-496.59			436.5			13.87			230.26			435.7			-9.1274193548


			400			18.26			-493.46			389			14.52			220.02			424.48			-8.6225806452


			410			19.05			-493.2			522.14			15.18			209.79			413.27			-8.5806451613


			420			19.83			-498.63			347.86			15.83			199.55			402.06			-9.4564516129


			430			20.63			-494.72			603.33			16.54			193.11			388.12			-8.8258064516


			440			21.45			-495.59			668.43			17.34			193.43			369.51			-8.9661290323


			450			22.28			-487.49			267			18.15			193.74			356.85			-7.6596774194


			460			23.11			-490.4			364			18.95			194.05			353.02			-8.1290322581


			470			23.93			-491.81			518.79			19.75			194.37			376.64			-8.3564516129


			480			24.76			-496.94			461.71			20.58			195.13			365.26			-9.1838709677


			490			25.6			-489.53			263.47			21.42			196.21			349.99			-7.9887096774


			500			26.43			-484.69			166			22.27			197.29			381.42			-7.2080645161


			510			27.27			-494.34			303.45			23.11			198.37			403.16			-8.764516129


			520			28.1			-488.52			289.82			23.96			199.45			395.28			-7.8258064516


			530			28.93			-492.44			266			24.81			199.81			387.39			-8.4580645161


			540			29.74			-485.11			232			25.66			199.41			391.67			-7.2758064516


			550			30.56			-489.15			198			26.51			199.02			407.48			-7.9274193548


			560			31.38			-483.53			133.2			27.36			198.63			416.47			-7.0209677419


			570			32.19			-474.11			68.4			28.21			198.24			419			-5.5016129032


			580			33			-476.61			71.26			29.05			201.8			421.53			-5.9048387097


			590			33.79			-486.59			136.91			29.89			211.31			425.3			-7.514516129


			600			34.59			-484.11			241			30.72			220.81			430.79			-7.114516129


			610			35.37			-481.41			104.48			31.53			217.71			488.22			-6.6790322581


			620			36.16			-483.57			88.83			32.35			210.85			536.7			-7.0274193548


			630			36.94			-479.8			85.83			33.15			207.51			508.13			-6.4193548387


			640			37.71			-481.06			80.42			33.95			208.66			476.62			-6.6225806452


			650			38.48			-480.87			75			34.74			209.82			474.92			-6.5919354839


			660			39.24			-471.56			88.13			35.52			209.48			481.14			-5.0903225806


			670			40.01			-477.47			92.71			36.3			208.87			473.2			-6.0435483871


			680			40.77			-475.69			74.35			37.08			208.25			453.2			-5.7564516129


			690			41.53			-484.76			75.22			37.86			207.63			433.2			-7.2193548387


			700			42.3			-483.23			187			38.64			207.02			427.04			-6.9725806452


			710			43.06			-485.28			135.75			39.4			201.24			432.67			-7.3032258065


			720			43.82			-483.45			119.92			40.16			195.3			438.3			-7.0080645161


			730			44.58			-481.96			99.8			40.92			189.37			436.13			-6.7677419355


			740			45.34			-478.73			75.4			41.68			183.43			426.77			-6.2467741935


			750			46.1			-477.7			51			42.44			179.86			417.3			-6.0806451613


			760			46.85			-476.01			62.75			43.2			187.85			407.3			-5.8080645161


			770			47.61			-478.26			40.25			43.96			195.84			415.14			-6.1709677419


			780			48.36			-475.4			114.18			44.71			201.49			443.08			-5.7096774194


			790			49.1			-479.26			95.09			45.47			204.6			468.87			-6.3322580645


			800			49.85			-474.86			76			46.22			207.7			484.84			-5.6225806452


			810			50.6			-483.58			78.33			46.97			206.42			500.81			-7.0290322581


			820			51.34			-480.83			101.67			47.72			205.15			495.58			-6.585483871


			830			52.09			-472.77			82.42			48.47			203.87			485.05			-5.285483871


			840			52.84			-468.12			83.25			49.21			202.6			486.85			-4.535483871


			850			53.58			-464.16			58			49.96			201.32			500.03			-3.8967741935


			860			54.35			-471.32			172.58			50.71			201			513.21			-5.0516129032


			870			55.12			-475.98			287.17			51.45			201			519.33			-5.8032258065


			880			55.9			-475.27			187.63			52.2			204.78			525			-5.6887096774


			890			56.69			-480.92			188.88			52.95			211.41			512.51			-6.6


			900			57.49			-484.89			151			53.7			218.04			479.56			-7.2403225806


			910			58.3			-488.53			251.42			54.47			217.91			446.61			-7.8274193548


			920			59.11			-480.97			351.83			55.25			215.88			431.71			-6.6080645161


			930			59.94			-490.14			315.71			56.04			213.48			419.74			-8.0870967742


			940			60.78			-491.61			381.13			56.84			210.29			411.32			-8.3241935484


			950			61.63			-493.53			299			57.65			207.11			412.52			-8.6338709677


			960			62.5			-487.73			246.44			58.47			204.63			413.71			-7.6983870968


			970			63.38			-489.51			437.56			59.3			202.32			414.32			-7.985483871


			980			64.26			-479.63			237.5			60.14			199.56			414.74			-6.3919354839


			990			65.13			-483.98			126			61			196.2			417.81			-7.0935483871


			1000			66.01			-483.4			25			61.86			192.84			425.41			-7


			1010			66.88			-477.96			36			62.75			192.36			433.01			-6.1225806452


			1020			67.74			-483.63			50.5			63.65			192.83			430.68			-7.0370967742


			1030			68.59			-485.65			48.5			64.54			195.81			426.86			-7.3629032258


			1040			69.43			-484.76			80.29			65.43			200.14			427.44			-7.2193548387


			1050			70.27			-477.23			41			66.33			204.46			441.21			-6.0048387097


			1060			71.1			-469.15			36			67.2			212.63			454.97			-4.7016129032


			1070			71.93			-476.41			31			68.07			222			449.26			-5.8725806452


			1080			72.75			-486.42			38.54			68.94			229.73			438.06			-7.4870967742


			1090			73.57			-477.34			55.63			69.79			235.93			433.53			-6.0225806452


			1100			74.39			-481.76			93			70.65			242.13			446.13			-6.735483871


			1110			75.19			-476.22			100.92			71.49			239.98			458.72			-5.8419354839


			1120			75.99			-467.38			108.83			72.34			236.47			444.31			-4.4161290323


			1130			76.79			-465.7			65.5			73.17			233.93			420.41			-4.1451612903


			1140			77.58			-461.74			42.5			74			232.1			405.39			-3.5064516129


			1150			78.37			-466.86			89			74.83			229.95			420.15			-4.3322580645


			1160			79.15			-462.17			63.17			75.64			225.77			434.9			-3.5758064516


			1170			79.93			-466.88			37.33			76.45			221.59			457.1			-4.335483871


			1180			80.7			-462.45			23.63			77.26			219.8			481.28			-3.6209677419


			1190			81.47			-455.84			24.88			78.06			220.39			504.24			-2.5548387097


			1200			82.24			-461.33			31			78.85			220.98			524.93			-3.4403225806


			1210			83.01			-465.61			33.08			79.65			221.57			545.53			-4.1306451613


			1220			83.78			-468.4			35.17			80.45			222.16			563.35			-4.5806451613


			1230			84.55			-468.79			44.33			81.22			224.42			581.17			-4.6435483871


			1240			85.33			-466.15			61			81.96			228.88			586.42			-4.2177419355


			1250			86.1			-473.96			83			82.71			233.33			559.33			-5.4774193548


			1260			86.88			-479.73			67.17			83.52			228.31			532.25			-6.4080645161


			1270			87.65			-477.95			51.33			84.35			221.61			496.31			-6.1209677419


			1280			88.43			-470.28			60.5			85.16			216.76			459.17			-4.8838709677


			1290			89.21			-475.39			85.5			85.95			213.26			424.68			-5.7080645161


			1300			89.99			-471.17			95			86.74			210.35			420.68			-5.0274193548


			1310			90.78			-464.77			67.08			87.53			215.3			418.02			-3.9951612903


			1320			91.56			-471.4			39.17			88.32			220.26			430.78			-5.064516129


			1330			92.35			-469.84			36.42			89.12			222.77			443.54			-4.8129032258


			1340			93.15			-466.57			27.25			89.91			224.47			453.22			-4.285483871


			1350			93.94			-468.47			17			90.71			226.31			448.91			-4.5919354839


			1360			94.73			-472			24.52			91.51			229.41			444.6			-5.1612903226


			1370			95.53			-470.42			28.43			92.31			232.51			433.08			-4.9064516129


			1380			96.33			-464.69			13.48			93.12			232.59			417.34			-3.9822580645


			1390			97.13			-465.83			42.17			93.93			229.88			406.11			-4.1661290323


			1400			97.93			-465.48			56			94.74			227.18			406.5			-4.1096774194


			1410			98.74			-463.17			54.75			95.55			229.6			406.88			-3.7370967742


			1420			99.55			-459.69			53.5			96.36			233.73			423.21			-3.1758064516


			1430			100.38			-457.24			55.46			97.18			234.1			446.36			-2.7806451613


			1440			101.23			-460.89			78.38			98			229.87			469.52			-3.3693548387


			1450			102.08			-468.1			72			98.83			225.63			479.35			-4.5322580645


			1460			102.97			-466.45			73.91			99.67			226.38			509.63			-4.2661290323


			1470			103.87			-469.43			37.55			100.52			228.01			506.34			-4.7467741935


			1480			104.78			-466.93			27.87			101.39			230.58			501.91			-4.3435483871


			1490			105.71			-468.74			40.04			102.28			234.62			524.74			-4.635483871


			1500			106.65			-469.11			39			103.17			238.44			547.58			-4.6951612903


			1510			107.64			-484.17			35.17			104.1			236.94			566.55			-7.1241935484


			1520			108.62			-481.53			36.48			105.03			235.44			581.64			-6.6983870968


			1530			109.6			-479.63			26.35			105.98			236.2			573.31			-6.3919354839


			1540			110.57			-476.4			27.22			106.96			240.79			463.41			-5.8709677419


			1550			111.53			-478.78			17			107.95			242.88			444.23			-6.2548387097


			1560			112.45			-480.79			10.26			108.97			239.16			452.74			-6.5790322581


			1570			113.37			-479.64			17.22			109.98			235.43			459.43			-6.3935483871


			1580			114.27			-473.94			22.71			110.97			234.87			466.13			-5.4741935484


			1590			115.15			-468.3			23.89			111.93			237.72			463.5			-4.564516129


			1600			116.02			-468.07			32			112.88			242.53			457.25			-4.5274193548


			1610			116.85			-460.36			13.4			113.79			255.16			451			-3.2838709677


			1620			117.68			-458.29			16.43			114.7			267.79			445.98			-2.95


			1630			118.5			-451.61			27.86			115.59			275.36			453.58			-1.8725806452


			1640			119.29			-452.02			10			116.46			273.52			490.88			-1.9387096774


			1650			120.09			-448.9			23			117.32			271.68			499.06			-1.435483871


			1660			120.85			-447.81			33.6			118.15			274.51			507.23			-1.2596774194


			1670			121.61			-448.1			17			118.97			277.86			515.59			-1.3064516129


			1680			122.36			-447.17			24.43			119.78			278.75			527.43			-1.1564516129


			1690			123.1			-441.91			30.1			120.57			275.28			539.27			-0.3080645161


			1700			123.83			-442.83			5			121.36			271.81			547.55			-0.4564516129


			1710			124.54			-436.6			7			122.12			269.32			553.45			0.5483870968


			1720			125.25			-438.57			58			122.87			266.93			557.96			0.2306451613


			1730			125.95			-443.29			22.88			123.61			265.96			560.37			-0.5306451613


			1740			126.65			-439.33			16			124.33			268.01			564.12			0.1080645161


			1750			127.34			-434.71			48			125.04			270.06			570.75			0.8532258065


			1760			128.04			-436.55			17.8			125.76			272.11			577.37			0.5564516129


			1770			128.74			-435.07			12.33			126.48			274.16			584			0.7951612903


			1780			129.44			-437.07			25.67			127.19			273.23			585.04			0.4725806452


			1790			130.15			-435.33			26.2			127.9			270.22			586.6			0.7532258065


			1800			130.86			-430.06			24			128.61			267.22			594.07			1.6032258065


			1810			131.57			-425.54			55.06			129.33			269.27			601.54			2.3322580645


			1820			132.29			-427.15			14.43			130.05			272.92			609.02			2.0725806452


			1830			133.01			-420.98			9.2			130.78			273.44			616.49			3.0677419355


			1840			133.74			-428.51			30.5			131.51			269.81			629.03			1.8532258065


			1850			134.47			-440.89			46			132.24			266.18			646.08			-0.1435483871


			1860			135.24			-430.44			11.38			132.99			277.41			649.35			1.5419354839


			1870			136			-437.21			10			133.73			289.42			693.41			0.45


			1880			136.8			-442.66			18			134.48			291.71			600.31			-0.4290322581


			1890			137.64			-454.55			8.25			135.25			280.02			532.7			-2.3467741935


			1900			138.49			-456.74			18			136.02			268.34			527.77			-2.7


			1910			139.43			-464.04			24			136.86			260			509.61			-3.8774193548


			1920			140.4			-473.68			42			137.72			252.5			483.99			-5.4322580645


			1930			141.39			-484.07			92.38			138.61			245			458.38			-7.1080645161


			1940			142.49			-486.84			60.33			139.58			237.51			445.28			-7.5548387097


			1950			143.61			-485.33			344			140.57			230.31			435.5			-7.3112903226


			1960			144.89			-496.7			96.33			141.68			225.05			419.71			-9.1451612903


			1970			146.18			-496.39			156.5			142.78			219.79			398.54			-9.0951612903


			1980			147.58			-490.49			162			143.98			211.62			352.91			-8.1435483871


			1990			149.11			-492			98			145.29			200.16			363.05			-8.3870967742


			2000			150.67			-490.51			301			146.65			191.69			369.66			-8.1467741935


			2010			152.35			-495.73			296			148.23			195.12			337.2			-8.9887096774


			2020			154.02			-490.8			297.89			149.8			198.55			318.25			-8.1935483871


			2030			155.7			-495.07			247			151.45			198.89			318.94			-8.8822580645


			2040			157.38			-492.08			184.27			153.18			195.15			339.4			-8.4


			2050			159.05			-496.54			308			154.92			191.41			348.54			-9.1193548387


			2060			160.73			-492.25			90.36			156.65			192.8			353.25			-8.4274193548
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-8.0870967742

-8.3241935484

-8.6338709677

-7.6983870968

-7.985483871

-6.3919354839

-7.0935483871

-7

-6.1225806452

-7.0370967742

-7.3629032258

-7.2193548387

-6.0048387097

-4.7016129032

-5.8725806452

-7.4870967742

-6.0225806452

-6.735483871

-5.8419354839

-4.4161290323

-4.1451612903

-3.5064516129

-4.3322580645

-3.5758064516

-4.335483871

-3.6209677419

-2.5548387097

-3.4403225806

-4.1306451613

-4.5806451613

-4.6435483871

-4.2177419355

-5.4774193548

-6.4080645161

-6.1209677419

-4.8838709677

-5.7080645161

-5.0274193548

-3.9951612903

-5.064516129

-4.8129032258

-4.285483871

-4.5919354839

-5.1612903226

-4.9064516129

-3.9822580645

-4.1661290323

-4.1096774194

-3.7370967742

-3.1758064516

-2.7806451613

-3.3693548387

-4.5322580645

-4.2661290323

-4.7467741935

-4.3435483871

-4.635483871

-4.6951612903

-7.1241935484

-6.6983870968

-6.3919354839

-5.8709677419

-6.2548387097

-6.5790322581

-6.3935483871

-5.4741935484

-4.564516129

-4.5274193548

-3.2838709677

-2.95

-1.8725806452

-1.9387096774

-1.435483871

-1.2596774194

-1.3064516129

-1.1564516129

-0.3080645161

-0.4564516129

0.5483870968

0.2306451613

-0.5306451613

0.1080645161

0.8532258065

0.5564516129

0.7951612903

0.4725806452

0.7532258065

1.6032258065

2.3322580645

2.0725806452

3.0677419355

1.8532258065

-0.1435483871

1.5419354839

0.45

-0.4290322581

-2.3467741935

-2.7

-3.8774193548

-5.4322580645

-7.1080645161

-7.5548387097

-7.3112903226

-9.1451612903

-9.0951612903

-8.1435483871

-8.3870967742

-8.1467741935

-8.9887096774

-8.1935483871

-8.8822580645

-8.4

-9.1193548387

-8.4274193548



Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4		Delta temp

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv		(deg C)

		130		4.26		-438.94		6.58		1.9		274				0.1709677419

		140		4.66		-435.94		12.42		2.28		273.07				0.6548387097

		150		5.06		-439.72		11		2.66		272.14		666.93		0.0451612903

		160		5.45		-441.88		7.47		3.04		271.22		653.54		-0.3032258065

		170		5.85		-434.77		6.13		3.41		270.29		640.15		0.8435483871

		180		6.27		-440.36		11.57		3.82		268.39		594.65		-0.0580645161

		190		6.7		-441.26		10.33		4.25		266.06		593.28		-0.2032258065

		200		7.14		-423.85		15		4.67		263.73		591.92		2.6048387097

		210		7.57		-438.79		15.48		5.09		261.4		590.55		0.1951612903

		220		8.01		-438.94		15.95		5.52		259.06		589.19		0.1709677419

		230		8.44		-435.7		16.75		5.94		256.73		585.64		0.6935483871

		240		8.87		-434.32		10.25		6.36		254.4		579.11		0.9161290323

		250		9.31		-439.38		12		6.79		252.07		593.3		0.1

		260		9.76		-435.64		16.75		7.23		255.09		607.49		0.7032258065

		270		10.24		-443.25		19.29		7.68		257.22		621.4		-0.5241935484

		280		10.74		-454.11		12		8.13		257.77		634.89		-2.2758064516

		290		11.24		-460.28		30		8.58		258.31		648.38		-3.2709677419

		300		11.74		-458.56		16		9.02		258.86		661.87		-2.9935483871

		310		12.32		-451.23		13		9.52		257.58		650.61		-1.8112903226

		320		12.94		-461.94		34		10.04		255.66		624.17		-3.5387096774

		330		13.55		-470.88		68		10.56		253.75		500.31		-4.9806451613

		340		14.17		-476.82		161.5		11.08		251.83		496.15		-5.9387096774

		350		14.78		-483.99		255		11.6		249.91		592.5		-7.0951612903

		360		15.39		-489.57		325.91		12.12		247.99		640.33		-7.9951612903

		370		16.01		-494.94		247.55		12.64		246.07		593.7		-8.8612903226

		380		16.69		-488.96		484		13.22		240.5		466.61		-7.8967741935

		390		17.48		-496.59		436.5		13.87		230.26		435.7		-9.1274193548

		400		18.26		-493.46		389		14.52		220.02		424.48		-8.6225806452

		410		19.05		-493.2		522.14		15.18		209.79		413.27		-8.5806451613

		420		19.83		-498.63		347.86		15.83		199.55		402.06		-9.4564516129

		430		20.63		-494.72		603.33		16.54		193.11		388.12		-8.8258064516

		440		21.45		-495.59		668.43		17.34		193.43		369.51		-8.9661290323

		450		22.28		-487.49		267		18.15		193.74		356.85		-7.6596774194

		460		23.11		-490.4		364		18.95		194.05		353.02		-8.1290322581

		470		23.93		-491.81		518.79		19.75		194.37		376.64		-8.3564516129

		480		24.76		-496.94		461.71		20.58		195.13		365.26		-9.1838709677

		490		25.6		-489.53		263.47		21.42		196.21		349.99		-7.9887096774

		500		26.43		-484.69		166		22.27		197.29		381.42		-7.2080645161

		510		27.27		-494.34		303.45		23.11		198.37		403.16		-8.764516129

		520		28.1		-488.52		289.82		23.96		199.45		395.28		-7.8258064516

		530		28.93		-492.44		266		24.81		199.81		387.39		-8.4580645161

		540		29.74		-485.11		232		25.66		199.41		391.67		-7.2758064516

		550		30.56		-489.15		198		26.51		199.02		407.48		-7.9274193548

		560		31.38		-483.53		133.2		27.36		198.63		416.47		-7.0209677419

		570		32.19		-474.11		68.4		28.21		198.24		419		-5.5016129032

		580		33		-476.61		71.26		29.05		201.8		421.53		-5.9048387097

		590		33.79		-486.59		136.91		29.89		211.31		425.3		-7.514516129

		600		34.59		-484.11		241		30.72		220.81		430.79		-7.114516129

		610		35.37		-481.41		104.48		31.53		217.71		488.22		-6.6790322581

		620		36.16		-483.57		88.83		32.35		210.85		536.7		-7.0274193548

		630		36.94		-479.8		85.83		33.15		207.51		508.13		-6.4193548387

		640		37.71		-481.06		80.42		33.95		208.66		476.62		-6.6225806452

		650		38.48		-480.87		75		34.74		209.82		474.92		-6.5919354839

		660		39.24		-471.56		88.13		35.52		209.48		481.14		-5.0903225806

		670		40.01		-477.47		92.71		36.3		208.87		473.2		-6.0435483871

		680		40.77		-475.69		74.35		37.08		208.25		453.2		-5.7564516129

		690		41.53		-484.76		75.22		37.86		207.63		433.2		-7.2193548387

		700		42.3		-483.23		187		38.64		207.02		427.04		-6.9725806452

		710		43.06		-485.28		135.75		39.4		201.24		432.67		-7.3032258065

		720		43.82		-483.45		119.92		40.16		195.3		438.3		-7.0080645161

		730		44.58		-481.96		99.8		40.92		189.37		436.13		-6.7677419355

		740		45.34		-478.73		75.4		41.68		183.43		426.77		-6.2467741935

		750		46.1		-477.7		51		42.44		179.86		417.3		-6.0806451613

		760		46.85		-476.01		62.75		43.2		187.85		407.3		-5.8080645161

		770		47.61		-478.26		40.25		43.96		195.84		415.14		-6.1709677419

		780		48.36		-475.4		114.18		44.71		201.49		443.08		-5.7096774194

		790		49.1		-479.26		95.09		45.47		204.6		468.87		-6.3322580645

		800		49.85		-474.86		76		46.22		207.7		484.84		-5.6225806452

		810		50.6		-483.58		78.33		46.97		206.42		500.81		-7.0290322581

		820		51.34		-480.83		101.67		47.72		205.15		495.58		-6.585483871

		830		52.09		-472.77		82.42		48.47		203.87		485.05		-5.285483871

		840		52.84		-468.12		83.25		49.21		202.6		486.85		-4.535483871

		850		53.58		-464.16		58		49.96		201.32		500.03		-3.8967741935

		860		54.35		-471.32		172.58		50.71		201		513.21		-5.0516129032

		870		55.12		-475.98		287.17		51.45		201		519.33		-5.8032258065

		880		55.9		-475.27		187.63		52.2		204.78		525		-5.6887096774

		890		56.69		-480.92		188.88		52.95		211.41		512.51		-6.6

		900		57.49		-484.89		151		53.7		218.04		479.56		-7.2403225806

		910		58.3		-488.53		251.42		54.47		217.91		446.61		-7.8274193548

		920		59.11		-480.97		351.83		55.25		215.88		431.71		-6.6080645161

		930		59.94		-490.14		315.71		56.04		213.48		419.74		-8.0870967742

		940		60.78		-491.61		381.13		56.84		210.29		411.32		-8.3241935484

		950		61.63		-493.53		299		57.65		207.11		412.52		-8.6338709677

		960		62.5		-487.73		246.44		58.47		204.63		413.71		-7.6983870968

		970		63.38		-489.51		437.56		59.3		202.32		414.32		-7.985483871

		980		64.26		-479.63		237.5		60.14		199.56		414.74		-6.3919354839

		990		65.13		-483.98		126		61		196.2		417.81		-7.0935483871

		1000		66.01		-483.4		25		61.86		192.84		425.41		-7

		1010		66.88		-477.96		36		62.75		192.36		433.01		-6.1225806452

		1020		67.74		-483.63		50.5		63.65		192.83		430.68		-7.0370967742

		1030		68.59		-485.65		48.5		64.54		195.81		426.86		-7.3629032258

		1040		69.43		-484.76		80.29		65.43		200.14		427.44		-7.2193548387

		1050		70.27		-477.23		41		66.33		204.46		441.21		-6.0048387097

		1060		71.1		-469.15		36		67.2		212.63		454.97		-4.7016129032

		1070		71.93		-476.41		31		68.07		222		449.26		-5.8725806452

		1080		72.75		-486.42		38.54		68.94		229.73		438.06		-7.4870967742

		1090		73.57		-477.34		55.63		69.79		235.93		433.53		-6.0225806452

		1100		74.39		-481.76		93		70.65		242.13		446.13		-6.735483871

		1110		75.19		-476.22		100.92		71.49		239.98		458.72		-5.8419354839

		1120		75.99		-467.38		108.83		72.34		236.47		444.31		-4.4161290323

		1130		76.79		-465.7		65.5		73.17		233.93		420.41		-4.1451612903

		1140		77.58		-461.74		42.5		74		232.1		405.39		-3.5064516129

		1150		78.37		-466.86		89		74.83		229.95		420.15		-4.3322580645

		1160		79.15		-462.17		63.17		75.64		225.77		434.9		-3.5758064516

		1170		79.93		-466.88		37.33		76.45		221.59		457.1		-4.335483871

		1180		80.7		-462.45		23.63		77.26		219.8		481.28		-3.6209677419

		1190		81.47		-455.84		24.88		78.06		220.39		504.24		-2.5548387097

		1200		82.24		-461.33		31		78.85		220.98		524.93		-3.4403225806

		1210		83.01		-465.61		33.08		79.65		221.57		545.53		-4.1306451613

		1220		83.78		-468.4		35.17		80.45		222.16		563.35		-4.5806451613

		1230		84.55		-468.79		44.33		81.22		224.42		581.17		-4.6435483871

		1240		85.33		-466.15		61		81.96		228.88		586.42		-4.2177419355

		1250		86.1		-473.96		83		82.71		233.33		559.33		-5.4774193548

		1260		86.88		-479.73		67.17		83.52		228.31		532.25		-6.4080645161

		1270		87.65		-477.95		51.33		84.35		221.61		496.31		-6.1209677419

		1280		88.43		-470.28		60.5		85.16		216.76		459.17		-4.8838709677

		1290		89.21		-475.39		85.5		85.95		213.26		424.68		-5.7080645161

		1300		89.99		-471.17		95		86.74		210.35		420.68		-5.0274193548

		1310		90.78		-464.77		67.08		87.53		215.3		418.02		-3.9951612903

		1320		91.56		-471.4		39.17		88.32		220.26		430.78		-5.064516129

		1330		92.35		-469.84		36.42		89.12		222.77		443.54		-4.8129032258

		1340		93.15		-466.57		27.25		89.91		224.47		453.22		-4.285483871

		1350		93.94		-468.47		17		90.71		226.31		448.91		-4.5919354839

		1360		94.73		-472		24.52		91.51		229.41		444.6		-5.1612903226

		1370		95.53		-470.42		28.43		92.31		232.51		433.08		-4.9064516129

		1380		96.33		-464.69		13.48		93.12		232.59		417.34		-3.9822580645

		1390		97.13		-465.83		42.17		93.93		229.88		406.11		-4.1661290323

		1400		97.93		-465.48		56		94.74		227.18		406.5		-4.1096774194

		1410		98.74		-463.17		54.75		95.55		229.6		406.88		-3.7370967742

		1420		99.55		-459.69		53.5		96.36		233.73		423.21		-3.1758064516

		1430		100.38		-457.24		55.46		97.18		234.1		446.36		-2.7806451613

		1440		101.23		-460.89		78.38		98		229.87		469.52		-3.3693548387

		1450		102.08		-468.1		72		98.83		225.63		479.35		-4.5322580645

		1460		102.97		-466.45		73.91		99.67		226.38		509.63		-4.2661290323

		1470		103.87		-469.43		37.55		100.52		228.01		506.34		-4.7467741935

		1480		104.78		-466.93		27.87		101.39		230.58		501.91		-4.3435483871

		1490		105.71		-468.74		40.04		102.28		234.62		524.74		-4.635483871

		1500		106.65		-469.11		39		103.17		238.44		547.58		-4.6951612903

		1510		107.64		-484.17		35.17		104.1		236.94		566.55		-7.1241935484

		1520		108.62		-481.53		36.48		105.03		235.44		581.64		-6.6983870968

		1530		109.6		-479.63		26.35		105.98		236.2		573.31		-6.3919354839

		1540		110.57		-476.4		27.22		106.96		240.79		463.41		-5.8709677419

		1550		111.53		-478.78		17		107.95		242.88		444.23		-6.2548387097

		1560		112.45		-480.79		10.26		108.97		239.16		452.74		-6.5790322581

		1570		113.37		-479.64		17.22		109.98		235.43		459.43		-6.3935483871

		1580		114.27		-473.94		22.71		110.97		234.87		466.13		-5.4741935484

		1590		115.15		-468.3		23.89		111.93		237.72		463.5		-4.564516129

		1600		116.02		-468.07		32		112.88		242.53		457.25		-4.5274193548

		1610		116.85		-460.36		13.4		113.79		255.16		451		-3.2838709677

		1620		117.68		-458.29		16.43		114.7		267.79		445.98		-2.95

		1630		118.5		-451.61		27.86		115.59		275.36		453.58		-1.8725806452

		1640		119.29		-452.02		10		116.46		273.52		490.88		-1.9387096774

		1650		120.09		-448.9		23		117.32		271.68		499.06		-1.435483871

		1660		120.85		-447.81		33.6		118.15		274.51		507.23		-1.2596774194

		1670		121.61		-448.1		17		118.97		277.86		515.59		-1.3064516129

		1680		122.36		-447.17		24.43		119.78		278.75		527.43		-1.1564516129

		1690		123.1		-441.91		30.1		120.57		275.28		539.27		-0.3080645161

		1700		123.83		-442.83		5		121.36		271.81		547.55		-0.4564516129

		1710		124.54		-436.6		7		122.12		269.32		553.45		0.5483870968

		1720		125.25		-438.57		58		122.87		266.93		557.96		0.2306451613

		1730		125.95		-443.29		22.88		123.61		265.96		560.37		-0.5306451613

		1740		126.65		-439.33		16		124.33		268.01		564.12		0.1080645161

		1750		127.34		-434.71		48		125.04		270.06		570.75		0.8532258065

		1760		128.04		-436.55		17.8		125.76		272.11		577.37		0.5564516129

		1770		128.74		-435.07		12.33		126.48		274.16		584		0.7951612903

		1780		129.44		-437.07		25.67		127.19		273.23		585.04		0.4725806452

		1790		130.15		-435.33		26.2		127.9		270.22		586.6		0.7532258065

		1800		130.86		-430.06		24		128.61		267.22		594.07		1.6032258065

		1810		131.57		-425.54		55.06		129.33		269.27		601.54		2.3322580645

		1820		132.29		-427.15		14.43		130.05		272.92		609.02		2.0725806452

		1830		133.01		-420.98		9.2		130.78		273.44		616.49		3.0677419355

		1840		133.74		-428.51		30.5		131.51		269.81		629.03		1.8532258065

		1850		134.47		-440.89		46		132.24		266.18		646.08		-0.1435483871

		1860		135.24		-430.44		11.38		132.99		277.41		649.35		1.5419354839

		1870		136		-437.21		10		133.73		289.42		693.41		0.45

		1880		136.8		-442.66		18		134.48		291.71		600.31		-0.4290322581

		1890		137.64		-454.55		8.25		135.25		280.02		532.7		-2.3467741935

		1900		138.49		-456.74		18		136.02		268.34		527.77		-2.7

		1910		139.43		-464.04		24		136.86		260		509.61		-3.8774193548

		1920		140.4		-473.68		42		137.72		252.5		483.99		-5.4322580645

		1930		141.39		-484.07		92.38		138.61		245		458.38		-7.1080645161

		1940		142.49		-486.84		60.33		139.58		237.51		445.28		-7.5548387097

		1950		143.61		-485.33		344		140.57		230.31		435.5		-7.3112903226

		1960		144.89		-496.7		96.33		141.68		225.05		419.71		-9.1451612903

		1970		146.18		-496.39		156.5		142.78		219.79		398.54		-9.0951612903

		1980		147.58		-490.49		162		143.98		211.62		352.91		-8.1435483871

		1990		149.11		-492		98		145.29		200.16		363.05		-8.3870967742

		2000		150.67		-490.51		301		146.65		191.69		369.66		-8.1467741935

		2010		152.35		-495.73		296		148.23		195.12		337.2		-8.9887096774

		2020		154.02		-490.8		297.89		149.8		198.55		318.25		-8.1935483871

		2030		155.7		-495.07		247		151.45		198.89		318.94		-8.8822580645

		2040		157.38		-492.08		184.27		153.18		195.15		339.4		-8.4

		2050		159.05		-496.54		308		154.92		191.41		348.54		-9.1193548387

		2060		160.73		-492.25		90.36		156.65		192.8		353.25		-8.4274193548
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Ice and Gas Age in Vostok Core
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Ice Age (ka)

Delta temp (deg C)
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444.31

233.93

420.41

232.1

405.39

229.95

420.15

225.77

434.9

221.59

457.1

219.8

481.28

220.39

504.24

220.98

524.93

221.57

545.53

222.16

563.35

224.42

581.17

228.88

586.42

233.33

559.33

228.31

532.25

221.61

496.31

216.76

459.17

213.26

424.68

210.35

420.68

215.3

418.02

220.26

430.78

222.77

443.54

224.47

453.22

226.31

448.91

229.41

444.6

232.51

433.08

232.59

417.34

229.88

406.11

227.18

406.5

229.6

406.88

233.73

423.21

234.1

446.36

229.87

469.52

225.63

479.35

226.38

509.63

228.01

506.34

230.58

501.91

234.62

524.74

238.44

547.58

236.94

566.55

235.44

581.64

236.2

573.31

240.79

463.41

242.88

444.23

239.16

452.74

235.43

459.43

234.87

466.13

237.72

463.5

242.53

457.25

255.16

451

267.79

445.98

275.36

453.58

273.52

490.88

271.68

499.06

274.51

507.23

277.86

515.59

278.75

527.43

275.28

539.27

271.81

547.55

269.32

553.45

266.93

557.96

265.96

560.37

268.01

564.12

270.06

570.75

272.11

577.37

274.16

584

273.23

585.04

270.22

586.6

267.22

594.07

269.27

601.54

272.92

609.02

273.44

616.49

269.81

629.03

266.18

646.08

277.41

649.35

289.42

693.41

291.71

600.31

280.02

532.7

268.34

527.77

260

509.61

252.5

483.99

245

458.38

237.51

445.28

230.31

435.5

225.05

419.71

219.79

398.54

211.62

352.91

200.16

363.05

191.69

369.66

195.12

337.2

198.55

318.25

198.89

318.94

195.15

339.4

191.41

348.54

192.8

353.25



Vostok Data

		depth		ice_age		delta D		dust		gas_age		CO2		CH4		Delta temp

		m		ka		permille		10-9cm3g-1		ka		ppmv		ppbv		(deg C)

		130		4.26		-438.94		6.58		1.9		274				0.1709677419

		140		4.66		-435.94		12.42		2.28		273.07				0.6548387097

		150		5.06		-439.72		11		2.66		272.14		666.93		0.0451612903

		160		5.45		-441.88		7.47		3.04		271.22		653.54		-0.3032258065

		170		5.85		-434.77		6.13		3.41		270.29		640.15		0.8435483871

		180		6.27		-440.36		11.57		3.82		268.39		594.65		-0.0580645161

		190		6.7		-441.26		10.33		4.25		266.06		593.28		-0.2032258065

		200		7.14		-423.85		15		4.67		263.73		591.92		2.6048387097

		210		7.57		-438.79		15.48		5.09		261.4		590.55		0.1951612903

		220		8.01		-438.94		15.95		5.52		259.06		589.19		0.1709677419

		230		8.44		-435.7		16.75		5.94		256.73		585.64		0.6935483871

		240		8.87		-434.32		10.25		6.36		254.4		579.11		0.9161290323

		250		9.31		-439.38		12		6.79		252.07		593.3		0.1

		260		9.76		-435.64		16.75		7.23		255.09		607.49		0.7032258065

		270		10.24		-443.25		19.29		7.68		257.22		621.4		-0.5241935484

		280		10.74		-454.11		12		8.13		257.77		634.89		-2.2758064516

		290		11.24		-460.28		30		8.58		258.31		648.38		-3.2709677419

		300		11.74		-458.56		16		9.02		258.86		661.87		-2.9935483871

		310		12.32		-451.23		13		9.52		257.58		650.61		-1.8112903226

		320		12.94		-461.94		34		10.04		255.66		624.17		-3.5387096774

		330		13.55		-470.88		68		10.56		253.75		500.31		-4.9806451613

		340		14.17		-476.82		161.5		11.08		251.83		496.15		-5.9387096774

		350		14.78		-483.99		255		11.6		249.91		592.5		-7.0951612903

		360		15.39		-489.57		325.91		12.12		247.99		640.33		-7.9951612903

		370		16.01		-494.94		247.55		12.64		246.07		593.7		-8.8612903226

		380		16.69		-488.96		484		13.22		240.5		466.61		-7.8967741935

		390		17.48		-496.59		436.5		13.87		230.26		435.7		-9.1274193548

		400		18.26		-493.46		389		14.52		220.02		424.48		-8.6225806452

		410		19.05		-493.2		522.14		15.18		209.79		413.27		-8.5806451613

		420		19.83		-498.63		347.86		15.83		199.55		402.06		-9.4564516129

		430		20.63		-494.72		603.33		16.54		193.11		388.12		-8.8258064516

		440		21.45		-495.59		668.43		17.34		193.43		369.51		-8.9661290323

		450		22.28		-487.49		267		18.15		193.74		356.85		-7.6596774194

		460		23.11		-490.4		364		18.95		194.05		353.02		-8.1290322581

		470		23.93		-491.81		518.79		19.75		194.37		376.64		-8.3564516129

		480		24.76		-496.94		461.71		20.58		195.13		365.26		-9.1838709677

		490		25.6		-489.53		263.47		21.42		196.21		349.99		-7.9887096774

		500		26.43		-484.69		166		22.27		197.29		381.42		-7.2080645161

		510		27.27		-494.34		303.45		23.11		198.37		403.16		-8.764516129

		520		28.1		-488.52		289.82		23.96		199.45		395.28		-7.8258064516

		530		28.93		-492.44		266		24.81		199.81		387.39		-8.4580645161

		540		29.74		-485.11		232		25.66		199.41		391.67		-7.2758064516

		550		30.56		-489.15		198		26.51		199.02		407.48		-7.9274193548

		560		31.38		-483.53		133.2		27.36		198.63		416.47		-7.0209677419

		570		32.19		-474.11		68.4		28.21		198.24		419		-5.5016129032

		580		33		-476.61		71.26		29.05		201.8		421.53		-5.9048387097

		590		33.79		-486.59		136.91		29.89		211.31		425.3		-7.514516129

		600		34.59		-484.11		241		30.72		220.81		430.79		-7.114516129

		610		35.37		-481.41		104.48		31.53		217.71		488.22		-6.6790322581

		620		36.16		-483.57		88.83		32.35		210.85		536.7		-7.0274193548

		630		36.94		-479.8		85.83		33.15		207.51		508.13		-6.4193548387

		640		37.71		-481.06		80.42		33.95		208.66		476.62		-6.6225806452

		650		38.48		-480.87		75		34.74		209.82		474.92		-6.5919354839

		660		39.24		-471.56		88.13		35.52		209.48		481.14		-5.0903225806

		670		40.01		-477.47		92.71		36.3		208.87		473.2		-6.0435483871

		680		40.77		-475.69		74.35		37.08		208.25		453.2		-5.7564516129

		690		41.53		-484.76		75.22		37.86		207.63		433.2		-7.2193548387

		700		42.3		-483.23		187		38.64		207.02		427.04		-6.9725806452

		710		43.06		-485.28		135.75		39.4		201.24		432.67		-7.3032258065

		720		43.82		-483.45		119.92		40.16		195.3		438.3		-7.0080645161

		730		44.58		-481.96		99.8		40.92		189.37		436.13		-6.7677419355

		740		45.34		-478.73		75.4		41.68		183.43		426.77		-6.2467741935

		750		46.1		-477.7		51		42.44		179.86		417.3		-6.0806451613

		760		46.85		-476.01		62.75		43.2		187.85		407.3		-5.8080645161

		770		47.61		-478.26		40.25		43.96		195.84		415.14		-6.1709677419

		780		48.36		-475.4		114.18		44.71		201.49		443.08		-5.7096774194

		790		49.1		-479.26		95.09		45.47		204.6		468.87		-6.3322580645

		800		49.85		-474.86		76		46.22		207.7		484.84		-5.6225806452

		810		50.6		-483.58		78.33		46.97		206.42		500.81		-7.0290322581

		820		51.34		-480.83		101.67		47.72		205.15		495.58		-6.585483871

		830		52.09		-472.77		82.42		48.47		203.87		485.05		-5.285483871

		840		52.84		-468.12		83.25		49.21		202.6		486.85		-4.535483871

		850		53.58		-464.16		58		49.96		201.32		500.03		-3.8967741935

		860		54.35		-471.32		172.58		50.71		201		513.21		-5.0516129032

		870		55.12		-475.98		287.17		51.45		201		519.33		-5.8032258065

		880		55.9		-475.27		187.63		52.2		204.78		525		-5.6887096774

		890		56.69		-480.92		188.88		52.95		211.41		512.51		-6.6

		900		57.49		-484.89		151		53.7		218.04		479.56		-7.2403225806

		910		58.3		-488.53		251.42		54.47		217.91		446.61		-7.8274193548

		920		59.11		-480.97		351.83		55.25		215.88		431.71		-6.6080645161

		930		59.94		-490.14		315.71		56.04		213.48		419.74		-8.0870967742

		940		60.78		-491.61		381.13		56.84		210.29		411.32		-8.3241935484

		950		61.63		-493.53		299		57.65		207.11		412.52		-8.6338709677

		960		62.5		-487.73		246.44		58.47		204.63		413.71		-7.6983870968

		970		63.38		-489.51		437.56		59.3		202.32		414.32		-7.985483871

		980		64.26		-479.63		237.5		60.14		199.56		414.74		-6.3919354839

		990		65.13		-483.98		126		61		196.2		417.81		-7.0935483871

		1000		66.01		-483.4		25		61.86		192.84		425.41		-7

		1010		66.88		-477.96		36		62.75		192.36		433.01		-6.1225806452

		1020		67.74		-483.63		50.5		63.65		192.83		430.68		-7.0370967742

		1030		68.59		-485.65		48.5		64.54		195.81		426.86		-7.3629032258

		1040		69.43		-484.76		80.29		65.43		200.14		427.44		-7.2193548387

		1050		70.27		-477.23		41		66.33		204.46		441.21		-6.0048387097

		1060		71.1		-469.15		36		67.2		212.63		454.97		-4.7016129032

		1070		71.93		-476.41		31		68.07		222		449.26		-5.8725806452

		1080		72.75		-486.42		38.54		68.94		229.73		438.06		-7.4870967742

		1090		73.57		-477.34		55.63		69.79		235.93		433.53		-6.0225806452

		1100		74.39		-481.76		93		70.65		242.13		446.13		-6.735483871

		1110		75.19		-476.22		100.92		71.49		239.98		458.72		-5.8419354839

		1120		75.99		-467.38		108.83		72.34		236.47		444.31		-4.4161290323

		1130		76.79		-465.7		65.5		73.17		233.93		420.41		-4.1451612903

		1140		77.58		-461.74		42.5		74		232.1		405.39		-3.5064516129

		1150		78.37		-466.86		89		74.83		229.95		420.15		-4.3322580645

		1160		79.15		-462.17		63.17		75.64		225.77		434.9		-3.5758064516

		1170		79.93		-466.88		37.33		76.45		221.59		457.1		-4.335483871

		1180		80.7		-462.45		23.63		77.26		219.8		481.28		-3.6209677419

		1190		81.47		-455.84		24.88		78.06		220.39		504.24		-2.5548387097

		1200		82.24		-461.33		31		78.85		220.98		524.93		-3.4403225806

		1210		83.01		-465.61		33.08		79.65		221.57		545.53		-4.1306451613

		1220		83.78		-468.4		35.17		80.45		222.16		563.35		-4.5806451613

		1230		84.55		-468.79		44.33		81.22		224.42		581.17		-4.6435483871

		1240		85.33		-466.15		61		81.96		228.88		586.42		-4.2177419355

		1250		86.1		-473.96		83		82.71		233.33		559.33		-5.4774193548

		1260		86.88		-479.73		67.17		83.52		228.31		532.25		-6.4080645161

		1270		87.65		-477.95		51.33		84.35		221.61		496.31		-6.1209677419

		1280		88.43		-470.28		60.5		85.16		216.76		459.17		-4.8838709677

		1290		89.21		-475.39		85.5		85.95		213.26		424.68		-5.7080645161

		1300		89.99		-471.17		95		86.74		210.35		420.68		-5.0274193548

		1310		90.78		-464.77		67.08		87.53		215.3		418.02		-3.9951612903

		1320		91.56		-471.4		39.17		88.32		220.26		430.78		-5.064516129

		1330		92.35		-469.84		36.42		89.12		222.77		443.54		-4.8129032258

		1340		93.15		-466.57		27.25		89.91		224.47		453.22		-4.285483871

		1350		93.94		-468.47		17		90.71		226.31		448.91		-4.5919354839

		1360		94.73		-472		24.52		91.51		229.41		444.6		-5.1612903226

		1370		95.53		-470.42		28.43		92.31		232.51		433.08		-4.9064516129

		1380		96.33		-464.69		13.48		93.12		232.59		417.34		-3.9822580645

		1390		97.13		-465.83		42.17		93.93		229.88		406.11		-4.1661290323

		1400		97.93		-465.48		56		94.74		227.18		406.5		-4.1096774194

		1410		98.74		-463.17		54.75		95.55		229.6		406.88		-3.7370967742

		1420		99.55		-459.69		53.5		96.36		233.73		423.21		-3.1758064516

		1430		100.38		-457.24		55.46		97.18		234.1		446.36		-2.7806451613

		1440		101.23		-460.89		78.38		98		229.87		469.52		-3.3693548387

		1450		102.08		-468.1		72		98.83		225.63		479.35		-4.5322580645

		1460		102.97		-466.45		73.91		99.67		226.38		509.63		-4.2661290323

		1470		103.87		-469.43		37.55		100.52		228.01		506.34		-4.7467741935

		1480		104.78		-466.93		27.87		101.39		230.58		501.91		-4.3435483871

		1490		105.71		-468.74		40.04		102.28		234.62		524.74		-4.635483871

		1500		106.65		-469.11		39		103.17		238.44		547.58		-4.6951612903

		1510		107.64		-484.17		35.17		104.1		236.94		566.55		-7.1241935484

		1520		108.62		-481.53		36.48		105.03		235.44		581.64		-6.6983870968

		1530		109.6		-479.63		26.35		105.98		236.2		573.31		-6.3919354839

		1540		110.57		-476.4		27.22		106.96		240.79		463.41		-5.8709677419

		1550		111.53		-478.78		17		107.95		242.88		444.23		-6.2548387097

		1560		112.45		-480.79		10.26		108.97		239.16		452.74		-6.5790322581

		1570		113.37		-479.64		17.22		109.98		235.43		459.43		-6.3935483871

		1580		114.27		-473.94		22.71		110.97		234.87		466.13		-5.4741935484

		1590		115.15		-468.3		23.89		111.93		237.72		463.5		-4.564516129

		1600		116.02		-468.07		32		112.88		242.53		457.25		-4.5274193548

		1610		116.85		-460.36		13.4		113.79		255.16		451		-3.2838709677

		1620		117.68		-458.29		16.43		114.7		267.79		445.98		-2.95

		1630		118.5		-451.61		27.86		115.59		275.36		453.58		-1.8725806452

		1640		119.29		-452.02		10		116.46		273.52		490.88		-1.9387096774

		1650		120.09		-448.9		23		117.32		271.68		499.06		-1.435483871

		1660		120.85		-447.81		33.6		118.15		274.51		507.23		-1.2596774194

		1670		121.61		-448.1		17		118.97		277.86		515.59		-1.3064516129

		1680		122.36		-447.17		24.43		119.78		278.75		527.43		-1.1564516129

		1690		123.1		-441.91		30.1		120.57		275.28		539.27		-0.3080645161

		1700		123.83		-442.83		5		121.36		271.81		547.55		-0.4564516129

		1710		124.54		-436.6		7		122.12		269.32		553.45		0.5483870968

		1720		125.25		-438.57		58		122.87		266.93		557.96		0.2306451613

		1730		125.95		-443.29		22.88		123.61		265.96		560.37		-0.5306451613

		1740		126.65		-439.33		16		124.33		268.01		564.12		0.1080645161

		1750		127.34		-434.71		48		125.04		270.06		570.75		0.8532258065

		1760		128.04		-436.55		17.8		125.76		272.11		577.37		0.5564516129

		1770		128.74		-435.07		12.33		126.48		274.16		584		0.7951612903

		1780		129.44		-437.07		25.67		127.19		273.23		585.04		0.4725806452

		1790		130.15		-435.33		26.2		127.9		270.22		586.6		0.7532258065

		1800		130.86		-430.06		24		128.61		267.22		594.07		1.6032258065

		1810		131.57		-425.54		55.06		129.33		269.27		601.54		2.3322580645

		1820		132.29		-427.15		14.43		130.05		272.92		609.02		2.0725806452

		1830		133.01		-420.98		9.2		130.78		273.44		616.49		3.0677419355

		1840		133.74		-428.51		30.5		131.51		269.81		629.03		1.8532258065

		1850		134.47		-440.89		46		132.24		266.18		646.08		-0.1435483871

		1860		135.24		-430.44		11.38		132.99		277.41		649.35		1.5419354839

		1870		136		-437.21		10		133.73		289.42		693.41		0.45

		1880		136.8		-442.66		18		134.48		291.71		600.31		-0.4290322581

		1890		137.64		-454.55		8.25		135.25		280.02		532.7		-2.3467741935

		1900		138.49		-456.74		18		136.02		268.34		527.77		-2.7

		1910		139.43		-464.04		24		136.86		260		509.61		-3.8774193548

		1920		140.4		-473.68		42		137.72		252.5		483.99		-5.4322580645

		1930		141.39		-484.07		92.38		138.61		245		458.38		-7.1080645161

		1940		142.49		-486.84		60.33		139.58		237.51		445.28		-7.5548387097

		1950		143.61		-485.33		344		140.57		230.31		435.5		-7.3112903226

		1960		144.89		-496.7		96.33		141.68		225.05		419.71		-9.1451612903

		1970		146.18		-496.39		156.5		142.78		219.79		398.54		-9.0951612903

		1980		147.58		-490.49		162		143.98		211.62		352.91		-8.1435483871

		1990		149.11		-492		98		145.29		200.16		363.05		-8.3870967742

		2000		150.67		-490.51		301		146.65		191.69		369.66		-8.1467741935

		2010		152.35		-495.73		296		148.23		195.12		337.2		-8.9887096774

		2020		154.02		-490.8		297.89		149.8		198.55		318.25		-8.1935483871

		2030		155.7		-495.07		247		151.45		198.89		318.94		-8.8822580645

		2040		157.38		-492.08		184.27		153.18		195.15		339.4		-8.4

		2050		159.05		-496.54		308		154.92		191.41		348.54		-9.1193548387

		2060		160.73		-492.25		90.36		156.65		192.8		353.25		-8.4274193548
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ice_age ka

gas_age ka

depth (m)

Ice and Gas Age in Vostok Core
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Delta temp (deg C)

Ice Age (ka)

Delta temp (deg C)
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Ice Age (ka)

Delta Temp (Deg C)

Delta Temp, last 15,000 Years
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CO2 ppmv

CH4 ppbv

Gas Age/Dust Age (ka)

CH4 scale

CO2 and CH4 Concentrations
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