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Abstract

As  part  of  online  courses  on  exoplanets  of
Observatoire  de  Paris,  an  online  tool  designed  to
vizualise outputs of the Laboratoire de Métérologie
Dynamique  (LMD)  Global  Circulation  Model
(GCM) for various atmospheric circulation regimes
has  been  developed.  It  includes  the  possibility  for
students  to  visualize  1D  and  2D  plots  along  with
animations  of  atmospheric  quantities  such  as
temperature, winds, surface pressure, mass flux, etc...
from a state-of-the-art model.

1. Project

“Sciences  pour  les  Exoplanètes  et  les  Systèmes
Planétaires” (SESP) is a series of online resources
and  courses  on  scientific  topics  concerning  our
current  knowledge  about  exoplanets  for
undergraduate  students  and  their  teachers.  Two  of
these  courses  address  atmospheric  dynamics  in  the
diversity of atmospheric circulations encountered in
the Solar System, and specifically what models can
teach  us  about  an  atmosphere  given  its  main
characteristics. As part of this course, an online tool
mimicking  the  behavior  of  a  GCM  has  been
developed, allowing the users to explore results of a
state-of-the-art  GCM  in  a  simple  and  intuitive
interface.

The  goal  is,  through  a  series  of  questions,  to
understand the various aspects and characteristics of
atmospheres by varying the planet's rotation and size
by the means of this tool with, for any casual user,
the feeling to manipulate actual scientific data.

2. Model

The  model  used  for  the  simulations  is  the
atmospheric dynamical core of the LMD GCM [1],
with a newtonian relaxation for temperature based on
mean insolation over one year [2]. Simulations with 3
planet sizes (half, one, and  twice the Earth radius)
and 6 rotation speed (5h, 10h, 24h, 72 h, 10 days and
100 days) lead to 18 different simulations stored in a
single NetCDF file (figure 1).

Figure 1: Zonal average of meridional wind and mass
flux  streamlines  (left),  along  with  temperature  and
super-rotation  (right)  as  a  function  of  latitude  and
altitude  for  different  rotation  rates  from  the
simulations.

4. Implementation

The tool consists of an interface  that  asks  the user
what  quantities  to  plot  on  what  axis  and  then
launches a python script on the server to extract the
relevant  slice(s)  data  in  the  already-existing
simulation results. The  plot is done using mpld3 [3],
a Python library using the Python library Matplotlib
[4]  and  the  JavaScript  library  D3.js,  allowing  an
interactive plot or animation in the user's webpage.
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Figure  2:  Web-browser  interface  showing  that  the
user asked in the left panel the plot on the right panel:
temperature (colors) and surface pressure (contours)
as a function of latitude and longitude, for a planet
with 24 hours rotation period and 1 Earth radius.

5. Current Status

A  first  part  of  SESP  courses,  among  which  the
atmospheric  dynamics  courses  using  this  tool,  is
expected to be made  publicly available in the second
half  of  2015  in  French.  A  long-term  goal  is  to
provide an English version.
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