

    
      
          
            
  
Welcome to the Documentation for AtModWeb

The very creatively named AtModWeb is an Atmospheric Model Web Application. It gives users a way to run data-derived (empirical) models of the neutral atmosphere with strong emphasis on the top-most layer of the atmosphere (the thermosphere [https://en.wikipedia.org/wiki/Thermosphere] ).

The models currently included in AtModWeb:


	NRLMSISE00




AtModWeb allows you to do two main things with the output of these models:


	Make Graphs / Plots How To Make A Plot


	Download Data How To Download Model Results
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Getting Started Using AtModWeb

We designed AtModWeb to be intuitive and easy to use, but this guide will help you get started if you’re stuck.

The main think to remember is the interface is designed to be explored. If you don’t understand what something does, mouse over it, or click it and see. You can always click the ‘Restart’ button if things go wrong.




How To Make A Plot


Map

This is a 2 dimensional plot, which means that the program will run the model for a grid of latitude and longitude points at a FIXED ALTITUDE. This will show you how the quantity you are investigating varies over the entire atmosphere. It will draw your data over outlines of all of the continents in, by default a Mollweide [https://en.wikipedia.org/wiki/Mollweide_projection] projection, which is a type of map which tries to visualize the 3D earth in a way that accurately represent relative size (remember how huge Greenland looks in some maps? It’s not actually that big, that’s the projection’s fault).

You only have two choices when you are making a map:


	What model output variable you want to look at (Temperature,Density,Amount of Oxygen, etc.)


	The Altitude, in kilometers, that you want to run the model at.




Example:
Say you want to investigate where on earth you would expect a spacecraft in low earth orbit to encounter the most wind resistance (A.K.A satellite drag [http://www.swpc.noaa.gov/impacts/satellite-drag]), then you would choose your altitude to be 400 km, and your ‘Color’ variable to be ‘dens’, for the density of the atmosphere. Wherever the density was higher than average, the spacecraft would experience greater drag.


[image: map of the earth showing the neutral density at 400 km altitude]
Example of AtModWeb output graph for the satellite drag example, the temperature at a constant altitude of 400 km.






Cross-Section

A cross-section plot (sometimes called a heatmap or pseudocolor plot) is another type of 2 dimensional plot, which lets you visualize how the model result you are looking at (Temperature, Atmospheric Density, etc.) organizes in a slice of the atmosphere. This means that the program creates a grid of points a all altitudes along a line of latitude or longitude and then plots the output of the model along this slice. This lets you see trends that depend both on how high you are in the atmosphere, and where you are on the earth.


[image: latitude/altitude cross section heatmap]
An example of a cross-section plot. Note that the upper atmosphere is much hotter than the lower atmosphere, and that the equator is hotter than either of the poles. This example is for the peak of summer (solstice).






Line

A line plot is simply an X vs. Y plot. One of the variables, either X or Y, must be one of the locations (Altitude,Latitude,or Longitude), because it doesn’t make sense to draw the line that relates temperature to density. Since you vary one of the location variables, the other two must, by definition, be fixed.
For example, if you wanted to see how the atmospheric temperature changes for a balloon launched on a windless day over the University of Colorado, in Boulder you would enter 40.0274 and 105.2519 in the latitude and longitude controls, and change the Y selector to be ‘Altitude’, and the X variable selector to be ‘Temperature’, and then click ‘Plot’.


[image: line plot with altitude on the y-axis and temperature on the x-axis]
An example of a line plot, showing the altitude profile of atmospheric temperature above Boulder, Colorao.








How To Download Model Results

The ‘Download’ button just above your plot will download all of the data that went into your plot as a comma seperated value (CSV [https://en.wikipedia.org/wiki/Comma-separated_values]) file. The number of columns and thier identity depends on what you were plotting. For example, a map plot or cross-section will have 3 columns, latitude, longitude and whatever model output variable you’re visualizing. Line plots may have 2 or more columns depending on how many variables you have chosen to plot.


[image: screenshot showing that the download button is in the upper right of the user interface]
Click the Download button to download a CSV file. In this case it would have 2 columns, Altitude and Temperature.







          

      

      

    

  

    
      
          
            
  
Frequently Asked Questions


Help! I broke the application!

If the application has stopped working properly for you (you made a plot
which caused an error and now the application won’t make any plots)
you can click the ‘Restart’ button in the upper right corner of the user
interface to start your session over again.




The application looks weird in the Safari web brower on my iPhone/iPad/Macbook

Try using the Firefox web browser. If you are using a phone, try looking at the
site in ‘Desktop mode’.




How do I plot multiple variables on a line plot?

When you have selected ‘Line Plot’ from the ‘Type of Plot’ pulldown menu,
you can hold the Shift key and then click multiple values in the ‘X’ or ‘Y’
selection boxes.




How do I download my graphs?

Right-click on the graph and select ‘Save as’ to save the plot to you
computer.




Who Made AtModWeb?


This application was created by, and is maintained by, a single developer at the University of Colorado, Boulder. I made this tool to give community college students interested in space sciences a way to experiment with models of the upper atmosphere. However, it can be used by anyone and I hope that it will.










          

      

      

    

  

    
      
          
            
  
Models Available in AtModWeb


NRLMSISE00

This version of the venerable mass-spectrometer and incoherent scatter radar model
also incorporates mass density data derived from drag measurements and orbit determination.
It includes the same  database as the Jacchia family of models, and has been seen to outperform
both the older MSIS90 and the ubiquitous Jacchia-70. It’s purpose is to specify the mass-density,
temperature and neutral species composition from the ground to the bottom of the exosphere
(around 1400km altitude). It provides number densities for the major neutral atmosphere constituents:
atomic and molecular nitrogen and oxygen, argon, helium and hydrogen. Additionally it includes a
species referred to as anomalous oxygen which includes O+ ion and hot atomic oxygen,
which was added to model these species’ significant contributions to satellite drag at high latitude
and altitude, primarily during the summer months [picone]. The model inputs are the location, date,
and time of day, along with the 10.7 cm solar radio flux (F10.7) and the AP planetary activity index.


Variables Available for MSIS:


	Temperature - the temperature of atmosphere in Kelvin


	mass - mass density of the atmosphere in g/cm^3


	HE - number density of helium in molecules/cm^3


	O - number density of atomic oxygen in molecules/cm^3


	N2 - number density of molecular nitrogen in molecules/cm^3


	O2 - number density of molecular oxygen in molecules/cm^3


	AR - number density of argon in molecules/cm^3


	H - number density of atomic hydrogen in molecules/cm^3


	N - number density of atomic nitrogen in molecules/cm^3


	AO - number density of ‘Anomolous Oxygen’ in molecules/cm^3


	T_exo - the temperature at the exobase (the highest altitude / top boundary of the model)







Technical Notes on Input Variables


	UT, Local Time, and Longitude are used independently in the model and are not of equal importance for every situation. For the most physically realistic calculation these three variables should be consistent (SLT=SEC/3600+GLONG/15). The Equation of Time departures from the above formula for apparent local time can be included if available but are of minor importance.


	F107 and F107A values used to generate the model correspond to the 10.7 cm radio flux at the actual distance of the Earth from the Sun rather than the radio flux at 1 AU. The following site provides both classes of values: NOAA NGDC/NCEI FTP [ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SOLAR_RADIO/FLUX/]







References

Picone, J. M., Hedin, A. E., Drob, D. P., and Aikin, A. C., NRLMSISE‐00 empirical model of the atmosphere: Statistical comparisons and scientific issues, J. Geophys. Res., 107( A12), 1468, doi:10.1029/2002JA009430 [https://doi.org/10.1029/2002JA009430] , 2002









          

      

      

    

  

    
      
          
            
  
For Developers

AtModWeb used the atmodbackend module of the QT version of this GUI, AtModExplorer
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AtModWeb Deployment on Digital Ocean

This is a short tutorial on deploying atmodweb on the Digital Ocean virtual private server service.

We will use a $20/mo droplet which is allocated 2 GB of RAM and 2 processors.

We will install Ubuntu 14.04, and log in using an SSH key. Please see the Digital Ocean documentation
for more information on how to do this.

The IP for our droplet is xxx.xxx.xxx.xxx

We’ll use terminal and SSH to get into the droplet. Since we’ve enabled SSH key login, we won’t need to
enter a password.

ssh root@xxx.xxx.xxx.xxx





First make sure the droplet is up to date, and install security software to prevent it being hacked, and install git so we can get the code, and gfortran so we can compile the model code.

sudo apt-get update
sudo apt-get upgrade
sudo apt-get install fail2ban
sudo apt-get install git
sudo apt-get install gfortran






Note

If you get a strange error on starting atmodweb where python complains about not being able to find libSM.so.6, don’t dispair. It is a known anaconda issue <https://github.com/ContinuumIO/anaconda-issues/issues/244>_ .The fix is to sudo apt-get install python-qt4.



The we make a non-root user so that we’re not running AtModWeb as root (bad security practice).

useradd atmodweb





su atmodweb





Then we will download the anaconda python distribution. The easy way to do this is to navigate to the
Anaconda site, right click the link to the installation script and copy the link location. Then you
can paste it into the terminal that is SSH’ed into the droplet

cd ~
wget <paste-long-numerical-url-to-Anaconda-*.sh-here>
bash Anaconda<tab>





Hitting tab when typing (at <tab>) will autocomplete the Anaconda shell command. We’ll just install Anaconda to /home/atmodweb/anaconda (the default)

Anaconda will do it’s thing and then ask ‘Do you wish the installer to prepend the Anaconda install location
to PATH in your /home/liamk/.bashrc?’, which we will answer with ‘yes’. This will make anaconda the default python (i.e. if you type python you get the anaconda python and not the one in /usr/bin/python )

Now we make sure anaconda is up to date:

source ~/.bashrc
conda update conda





And install the requirements of AtModWeb (BaseMap may take awhile, it often needs the newest numpy and matplotlib as well)

conda install basemap
pip install cherrypy






Warning

Do not try to install atmodweb and atmodexplorer without first installing the dependancies. There is still work to be done it make the setup.py dependancies totally inclusive so that everything can be ‘python setup.py install’ed



Now we install the AtModWeb and the models it needs. Contact the maintainer of this repo to learn what the urls are for the private model repos and to get your github account approved to be able to download them. This is a matter of academic curtosy to the maintainers of the models, who have not yet cleared us to release them publicly.

cd ~
git clone https://github.com/lkilcommons/atmodexplorer
git clone https://github.com/lkilcommons/atmodweb
git clone https://github.com/lkilcommons/<MSIS-project-name>
git clone https://github.com/lkilcommons/<HWM-project-name>





First we build the models’ fortran code and then we can install the atmodexplorer and atmodweb:


Note

If you don’t do these in order, they won’t work, because msispy and hwmpy are dependancies of atmodexplorer, and atmodexplorer is a dependancy of atmodweb



cd ~/msis-project-name
python setup.py develop
cd ~/hwm-project-name
python setup.py develop
cd ~/atmodexplorer
python setup.py develop
cd ~/atmodweb
python setup.py develop





Finally we will configure the installation of atmodweb by setting a few environment variables in our .bashrc.
Replace the values here with something appropriate for your server (i.e. xxx.xxx.xxx.xxx with your IP or hostname),
and if you want to password protect your server, an approriately strong password and username. This uses CherryPy’s digest authentication.

#in .bashrc, add this line
export CHERRYPY_IP='xxx.xxx.xxx.xxx'
#if you want to password protect your site, add these too
export CHERRYPY_USER='my_user'
export CHERRYPY_PWD='my_password'






Note

If you want to run your instance using the normal web port (80), you will need to issue the following firewall rule. You cannot bind the cherrypy server directly to 80 (unless you are running as root, which is BAD SECURITY), so you will need to redirect.



How to run on port 80:







iptables -t nat -A PREROUTING -p tcp –dport 80 -j REDIRECT –to-port 8080
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