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SOES 6047 Global Climate Cycles

Practical 4

These practicals were designed to be carried out on workstations at the University of Southampton’s Waterfront Campus located at the National Oceanography Centre, Southampton as part of Master’s level courses, however any computer with a suitable operating system and software may be used to complete these practicals.

This practical requires a computer with a Windows or Mac operating system with access to a spreadsheet program to open the accompanying spreadsheet containing data, a piece of text editing software and a web browser with an Internet connection to download the software for this practical which is available from: http://www.imcce.fr/Equipes/ASD/insola/earth/binaries/
SOES 6047 – Global Climate Cycles

Practical 4 Astronomical data and insolation computations

 “If you get this job done, we might consider you for a longer term contract ...” was what really made you work hard during your last assignment, although you have to admit that it was a rather interesting challenge. You managed to learn a few rudimentary UNIX commands, and prepared the  briefing for your temp job with TIGHTCON in time. The letter comes out of the blue, just as your hopes of a steady job were fading.

“You will be pleased to know that your performance for TIGHTCON was much appreciated, and partly thanks to your efforts we got some follow-on contract with clients. We were impressed by the efficiency and accuracy of your job, and would like to offer you the post of Junior Earth Science specialist attached to our Spectral Wiggles Environmental Assessment Team (SWEAT) ...”.

Procedure:

This practical aims to give help you understand the nature of orbital cycles that affect Earth’s climate cycles. This is a self-taught practical, feel free to experiment any way you like with the insolation calculations.

Part (1): Inspecting astronomical calculations

Download the Excel spreadsheet “EccOblPrec.xls”

It contains the most recent (2004) calculations for the Earth’s eccentricity, obliquity (tilt) and climatic precession for the past 25 million years. It is located in the Practicals/Paper practicals/SOES6047_P4 folder

The data are taken from http://www.imcce.fr/Equipes/ASD/insola/earth/earth.html
from which you can also download the necessary software for different types of computer setups.

Open the spreadsheet, and plot or three variables over the past 3 million years or so.

On one of your plots, plot eccentricity and climatic precession together.

Part (2): Making your own insolation calculations

Eccentricty, obliquity and climatic precession combine with the latitude, and time of the year to give you the Earth’s insolation. You are going to do the computation yourself, using Jacques Laskar’s 2004 programme to do so.

c) Download the software and associated data files directly from 

http://www.imcce.fr/Equipes/ASD/insola/earth/binaries/la2004_x86_win.zip (for PC).

Unzip the la2004 folder on your Desktop.

Open the parameter file “insola.par” with a text editor (e.g., Notepad, Wordpad, Word), in order to adjust the time period over which you want to compute your insolation curve. You can do this by selecting this file, and right-click to chose “Open with”. Maximum possible values are from 50 million years in the past (“datedebut = -50.D0”) to 20 million years in the future (“datefin =20.D0”). Note that the younger end always has to extend to the present. Adjust the numbers to cover the past 15 million years (“datedebut = -15.D0”; “datefin = 0.D0”). You might have noticed that the author is French!

Now double click on “insola” to start the computation screen.

This gives you a text menu, where you can calculate various insolation curves
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Choose mean monthly insolation by pressing 3 and enter

Now choose a latitude on Earth for which you would like to compute the insolation.

Let’s choose 65 degrees N by typing 65 Enter

Choose June-July insolation by typing 7 Enter

Give the file a memorable name, e.g. 65NinsolationJunJul.txt

The computation might take a few seconds.

Repeat this exercise for the following latitudes, always for JunJul:

0, 30, 90 (all in the Northern Hemisphere), and 

-30,-90 (the minus indicating the Southern Hemisphere).

By choosing June July for the Southern Hemisphere, we have chosen the SH winter.

Repeat your calculation also for -30 degrees latitude, but this time select 1 for December January insolation (SH summer).

When you are done, select 6 Enter to quit.

The files you have just created are tab-separated text files with two columns. The first column contains age in thousands of years (kyr), the second column insolation in W/m2. 

ATTENTION: this software outputs events in the past as negative numbers in thousands of years, so an age of 

-15000 would indicate 15000 before present, or 15Ma.

Open the insolation files (e.g., with Excel), and plot the insolation curves for the past 2Myr or so. Note that in order to use the numbers within Excel, you have to search & replace the letter “D” in the files and replace it with an “E”. (For your information only: the “D” in Fortran speak stands for double precision numbers, the “E” for single precision).

What differences can you observe between insolation calculations for low and high latitudes?

Plot the insolation curve for JunJuly 30°N and DecJan 30°S on the same graph: what is the phase relationship?

Calculate the insolation gradient (the difference) between the 90N and 0N insolation curves.

Copyright Statement

This resource was created by the University of Southampton and released as an open educational resource through the 'C-change in GEES' project exploring the open licensing of climate change and sustainability resources in the Geography, Earth and Environmental Sciences.  The C-change in GEES project was funded by HEFCE as part of the JISC/HE Academy UKOER programme and coordinated by the GEES Subject Centre.  
This resource is licensed under the terms of the Attribution-Non-Commercial-Share Alike 2.0 UK: England & Wales license (http://creativecommons.org/licenses/by-nc-sa/2.0/uk/). 
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However the resource, where specified below, contains other 3rd party materials under their own licenses. The licenses and attributions are outlined below:

1. The name of the University of Southampton and its logos are registered and/or unregistered trademarks of the University. The University reserves all rights to these items beyond their inclusion in these CC resources.  <You will need to check the wording of this with the legal department of your institution and/or your repository>.
2. The JISC logo, the C-change logo and the logo of the Higher Education Academy Subject Centre for the Geography, Earth and Environmental Sciences are licensed under the terms of the Creative Commons Attribution -non-commercial-No Derivative Works 2.0 UK England & Wales license.  All reproductions must comply with the terms of that license.1
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