
99#49-April 2014 -��������	
����	�	��������	�������	��	
������	�	�	������	�������	���	�����	�������

VACUMM – A PYTHON LIBRARY FOR OCEAN SCIENCE
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Abstract 

VACUMM is an open-source Python library for processing data from observations and numerical models. The library is now used for several years in 
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diagnostics. In this paper, we introduce how the library is built, and we present two applications of its use: one in an operational context and one in a 

research context.

A generic library 

VACUMM (Validation Analysis Comparisons Multi-Models) is a Python library and collection of scripts that has been mainly designed to validate the 

MARS3D1 numerical simulations. However, VACUMM is now used for both processing of ocean and atmosphere data in general, including model and 

observations. It has a complete dedicated documentation that includes the full list of modules and scripts, and a large collection of tutorials, examples, 

gallery and test cases: ����0��4445!$��)��5$��(��%)). It is open-source software with a CeCiLL2 licence, and is open to new contributions.

VACUMM is written in the Python language, an interpreted language widely 
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oriented language suits both computer experts and scientists, with applications 

going from the interactive side to the batch or operational sides. The low 

performance of an interpreted language are generally not a concern with Python 

since it can be easily interfaced for instance with C or Fortran languages, as 

it is the case in VACUMM for some interpolation routines. VACUMM has been 

written as a layer on the top of the CDAT3 and Matplotlib libraries. CDAT (or UV-

CDAT4) is used in the climate data analysis community, mainly for facilitating 

the comparisons between CMIP<	�"!)���	)���"=	!�	%�	���	�!&�	���$��)����	

numerical library Numpy, and adds geographical and time informations, 

regridding capabilities of the ESMF6, and a collection of climate tools. Matplotlib 

provides a Matlab®	 "!*�	 !����$���	 ��	 ����%��	 �!&�	 ?%�"!�6	 '	&%��5	 @��B��	

typically makes an intensive use of CDAT variables that have a similar structure 

to those of NetCDF variables, with numerical data, axes and attributes. This 

makes it easy to exploit them such as when plotting a map of Sea Surface 

Temperature (SST) calling “map2(sst)” with axes, title and units properly 

formatted, or regridding the same variable “regrid2d(sst, newgrid)”.

Figure 1: Example of 1D time series of meteorological data 
including wind vectors, wind intensity (grey line), sea surface 
pressure (green line), and precipitation bar plot plotted using 
VACUMM functions 
(source code: ����0��4445!$��)��5$��(��%))��%���!�"�)!�5�"��5

advanced.meteo.html).
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The library is made of a generic component and several specialized ones. The generic part has tools for dealing with most common 1D and 2D plots 

(Fig. 1 and 2), regridding (even between curvilinear grids), for interpolating and masking, for time conversions, formatting and splitting, for plotting, for 
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contains specialized interfaces to deal with in situ	���'	"�	��	���""!��	����	X��	$�""�4!�&	���!��Y5	��	���!�!���	�	&����!�	!����$���	��	���!�"!J��	&�!����	

data such as outputs from oceanic (MARS3D, NEMO, HYCOM) and atmospheric models (WRF), that facilitates post-processing, has been integrated. 

Retrieving the mixed layer depth becomes as simple as “mld=DS(‘output.nc’,’mars’).get_mld(mode=’deltadens’)”. This interface uses 
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interface integrates some advanced diagnostics part of other more thematic subpackages: bathymetry and shorelines, tidal diagnostics, spectral 

analyses, and physical diagnostics like geostrophic velocity (Fig. 4) or mixed layer depth.

Application for operational oceanography: modeled sea surface temperature validation and 
real time cruise support

Modeled sea surface temperature validation

One way to illustrate the VACUMM library is to show examples of applications. For example, in the frame of the PREVIMER7 project, we developed an 

application to validate the modeled Sea Surface Temperature (SST) using remotely sensed observations. This tool is mainly dedicated and designed 

for operational oceanography but it has also been used and applied on longer interannual simulations in the frame of research projects. 

The algorithm follows a classical scheme divided in 4 steps: 

- Getting model and observation data (e.g. from remote data server),

- Collocation of model and observations,

- Statistic computation (e.g. spatial and temporal mean, standard deviation, correlation, root mean square, …),

- Plotting and generating validation report (e.g.	'	&%���	4�7	��&�Y5
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4445���(!)��5��&�����%!��?%�"!'	���!��) display temporal average of the modeled and observed sea surface temperature, the time-averaged bias 
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Furthermore, the algorithm design allows adding new diagnostics quickly and applying analysis on a different dataset (e.g. the tool has already been 

used for surface chlorophyll concentrations). 

�Figure 3: Example of a Taylor diagram to compare standard deviation 
and correlation between two datasets plotted using VACUMM library 
(source code: ����0��4445!$��)��5$��(��%))��%���!�"�)!�5�"��57�!�5

taylor.html).

Figure 4: Example of geostrophic velocities computed from 
MARS3D modelled sea surface height using VACUMM library 

(source code: ����0��4445!$��)��5$��(��%))��������Q������Q

get_uvbt_menor.html).
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��&��	et al., 2014) overestimates the sea surface temperature compared with satellites observations. 
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analyzed with the data availability (Fig. 6). Indeed, lowest temperatures are linked with a smaller number of observations and, then, the average is 
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- not shown).

Real time cruise support

In 2013, the Operational Center of the SOP2 experiment (February-March 2013 - Hydrological cycle in Mediterranean Experiment program) asked 

PREVIMER to provide synthetic “quick-looks” describing the hydrological situation of the Northwestern Mediterranean sea and the development 
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“Quick-look” scripts have been developed from the VACUMM library and allowed to complete the type of available graphs available, to improve the 

graphical parameterization and to validate the genericity of the model output reading and vertical interpolation. During the experiment, the PREVIMER 

system routinely created and sent to the SOP website more than 2000 snapshots a day (see Figure 7 as an example), extracted from MARS 
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�
Figure 5: Spatial mean of observed and modeled Sea Surface 
Temperature from the 3rd to the 9th February 2014.

Figure 7: Example of density vertical section from MARS3D numerical simulations for the 7th February 2013 
(http://sop.hymex.org/mars.php?current=20130207&nav=MarsSection&expected=DENS_CAMPE). 
The white line represents the mixed layer depth. Section position is displayed as a red line on the small map.

Figure 6: Number of Sea Surface Temperature cloud free 
pixels from the 3rd to the 9th February 2014.
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Application for research experiment: model validation from glider section 
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outputs of ocean numerical model through UV-CDAT, VACUMM library is particularly designed to facilitate the collocation of in situ data and gridded 

results.  It is now straightforward to compare, for example, glider data stored in Coriolis database (����0��4445���!�"!5�%5��&�) as a succession of 
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Provencal coast in the Mediterranean Sea monitoring a density 
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Current is characterized by a lower density vein (until 400m depth) 

when the glider is close to the coast (Fig. 8). This current is also 
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the vertical mixing seems to be overestimated in the numerical 

model leading to an important mixed layer depth offshore. Its clearly 

highlights that the observation vertical resolution is higher than the 

model one !

Conclusion 
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project or to sustain operational systems. Development prospects could for example include an improved interfacing with usual oceanographic and 

atmospheric models and datasets, or the implementation of new physical or numerical diagnostics, algorithms or schemes. The library is open to new 

contributors to ensure that it meets at least the requirements of a wide oceanographic community.
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