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OUTLINE

WMO SDS-WAS NA-ME-E Regional Center

Barcelona Dust Forecast Center

Data visualization

Data manipulation



4

Current Architecture

Web CMS

ObjViewer File System interf....

Frontend

Backend
MapGenerator

Python
Scipy/Numpy

Matplotlib

System
cronjobs

Bash/Python/Fortran
FileSystem Storage
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System
Bash: scheduled download of

● Forecast data (12 models for SDS, 1 for BDFC)
● Forecast images (UK MetOffice, ...)
● Observation data (txt, csv, xml, ...)
● Observation images (UK MetOffice, EUMETSAT, ...)

Python:
● Normalize data to local standard (NetCDF regular lat lon)
● Export to other formats (GRIB1/2, …)
● Communications between frontend and backend

Fortran: 
● Regrid to a common resolution
● Calculate evaluation scores (BIAS, RMSE, ...)



WMO SDS-WAS NA-ME-E Regional Center
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WMO SDS-WAS NA-ME-E Regional Center
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WMO SDS-WAS NA-ME-E Regional Center

Retrieving

Data models from 12 contributions of 11 institutions of 9 
countries (Spain, UK, Serbia, US, Egypt, Italy, Greece, 
Norway, Netherlands) with 2 variables (SCONC_DUST, 
OD550_DUST)
Data observations (AERONET, MODIS, MODIS DB, …)

External observationals products (MSG RGB EUMETSAT, 
MSG UK MetOffice, Debra-Dust)
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WMO SDS-WAS NA-ME-E Regional Center

Producing

Dust forecasts of 2 variables (Surface concentration and 
Aerosol optical depth) of numerical models + 4 multi-
model products

Models evaluation against observations

Guidance for forecasters

Time averaged values
Studies of dust episodes

Workshops, training courses and seminars (with materials)
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Forecast

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Forecast
– Multimodel

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Forecast
– Multimodel
– Evaluation

● AERONET

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Forecast
– Multimodel
– Evaluation

● AERONET
● MODIS

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Forecast
– Multimodel
– Evaluation

● AERONET
● MODIS
● MODIS DB

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Observacions

● In situ

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Observacions

● In situ
● MSG UK MO

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Observacions

● In situ
● MSG UK MO
● MSG EUMETSAT  

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Observacions

● In situ
● MSG UK MO
● MSG EUMETSAT
● Debra-Dust

http://sds-was.aemet.es/


19

WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Browsable images
– Observacions

● In situ
● MSG UK MO
● MSG EUMETSAT
● Debra-Dust
● Visibility

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Numerical evaluation 
scores archive

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Numerical evaluation 
scores archive

Numerical data archive

http://sds-was.aemet.es/
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WMO SDS-WAS NA-ME-E Regional Center

http://sds-was.aemet.es

Numerical evaluation 
scores archive

Numerical data archive

Data download

http://sds-was.aemet.es/


23

WMO SDS-WAS NA-ME-E Regional Center

Data files download

First step: REGISTER to the portal (go to home page and click 
on the top-right link – temporally suspended, send and email 
to sdswas@aemet.es)

Go to data download page and download manually: follow 
model link and choose year, month and/or day ...

http://sds-was.aemet.es/register
mailto:sdswas@aemet.es
http://sds-was.aemet.es/forecast-products/dust-forecasts/files-download
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WMO SDS-WAS NA-ME-E Regional Center

Data files download
… or download automatically with a program (i.e. WGET):
a single file:

an entire month/year:

the latest file:

wget --http-user="YOUR_REGISTRATION_EMAIL" --http-password="YOUR_REGISTRATION_PASSWORD"
     --auth-no-challenge http://MODEL_REPOSITORY_URL/YYYY/MM/YYYYMMDDMODEL_NAME.nc

wget --http-user="YOUR_REGISTRATION_EMAIL" --http-password="YOUR_REGISTRATION_PASSWORD"
     --auth-no-challenge http://MODEL_REPOSITORY_URL/YYYY/MM/@@download -O FILENAME.zip

wget --http-user="YOUR_REGISTRATION_EMAIL" --http-password="YOUR_REGISTRATION_PASSWORD"
     --auth-no-challenge http://MODEL_REPOSITORY_URL/latest/@@download -O FILENAME.zip

https://eternallybored.org/misc/wget/
http://MODEL_REPOSITORY_URL/YYYY/MM/YYYYMMDDMODEL_NAME.nc
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WMO SDS-WAS NA-ME-E Regional Center

Materials



Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center

Operational center

Operated by BSC and AEMET

Officially recognized by the WMO

72 hours forecast (3-hourly) model developed at BSC

6 variables (Optical depth, Dry and Wet deposition, Load, 
Surface concentration, Surface extinction)
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Barcelona Dust Forecast Center

http://dust.aemet.es

Products

Forecast images
Google Earth integration (KML/KMZ files)
Averaged values images
Zoomed area forecast images (Spain, Burkina Faso, …)
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Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center

http://dust.aemet.es/
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Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center

Services

Forecast images dissemination 

WMO GTS (Global Telecommunication System)
EUMETCast (EUMETSAT’s primary dissemination 
mechanism)
UNEPlive 

News & Events, Newsletter



37

Barcelona Dust Forecast Center

WMO GTS

Global network for transmission of meteorological data

Data proceeding from weather stations, satellites and 
NWP centres

Implemented and operated by
– National meteorological services
– Other international organizations (ECMWF, 

EUMETSAT,  ...)
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Barcelona Dust Forecast Center

WMO GTS

http://uneplive.unep.org/region/index/AF#data_tab


Barcelona Dust Forecast Center

EUMETCast

Multi-service dissemination system based on standard 
Digital Video Broadcast (DVB) technology
It uses commercial telecommunication geostationary 
satellites

Multi-cast files (data and products) to a wide user 
community

From 15th of October 2015 BDFC products are 
distributed over Europe and Africa
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Barcelona Dust Forecast Center

EUMETCast



Data visualization



Data visualization

Grid Analysis and Display System (GrADS)
Ncview
McIDAS
ECMWF MetView
Panoply data viewer
MapGenerator (Python-based, home-made)
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Data visualization – MapGenerator 

Problem
● Need to show results with high quality plots for an operational 

system
● Handling a huge quantity of data with tons of scripts can be very 

frustrating
● Hard to

– Debug
– Maintain
– Add features, bug fixing, etc …

Solution
● Develop an easy to use general-purpose software system able to 

generate plots
Software Stack: python/numpy/scipy/OpenGrADS
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Data visualization – MapGenerator 

Various formats support (NetCDF, GRIB, HDF, …)

Configuration through configuration file(s), no need to touch 
the code!

http://www.iges.org/grads/
http://meteora.ucsd.edu/~pierce/ncview_home_page.html
http://www.ssec.wisc.edu/mcidas/software/v/
https://software.ecmwf.int/wiki/display/METV/Metview
http://www.giss.nasa.gov/tools/panoply/
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Data visualization – MapGenerator/Use cases

WMO Dust Centers

CALIOPE Air quality forecast system: www.bsc.es/caliope 

NMMB/BSC-Dust Forecast on BSC website

BSC-DREAM8b v2.0 Atmospheric Dust Forecast System on 
BSC website

Used by some researchers in the department to plot maps for 
articles, posters or presentations



Data visualization – Panoply

Installation

● Java: www.java.com
● Panoply: www.giss.nasa.gov/tools/panoply/
● In case of memory problems, launch manually:

C:\> "C:\Program Files\Java\jre\bin\java" -Xmx1g -jar 
"C:\Program Files\PanoplyWin\jars\Panoply.jar"



Data visualization – Panoply

http://www.bsc.es/caliope


Data visualization – Panoply

http://www.java.com/
http://www.giss.nasa.gov/tools/panoply/


Data manipulation



Data manipulation

Formats: NetCDF

Numerical data format

Developed and maintained at Unidata (UCAR)

Well documented with complete technical information

With a large list of supporting software



Data manipulation

A NetCDF dataset contains

Dimensions

Variables

And, of course, numerical values!

lon = 289 ; // longitude, number of points in the X axis
lat = 211 ; // latitude, number of points in the Y axis
time = 25 ; // number of timesteps

float sconc_dust(time, lat, lon) ;
      sconc_dust:long_name = "dust 10m concentration" ;
      sconc_dust:units = "kg m-3" ;
      sconc_dust:title = "dust 10m concentration" ;
      sconc_dust:_FillValue = -9.e+33f ;



Data manipulation
Metadata!

Data must be understandable: migrograms and kilograms 
are not the same!

Follow standards
Numerical metadata

Time units

Missing value

int time(time) ;
                time:units = "hours since 2015-02-23 12:00:00.0" ;
                time:description = "time forecast" ;

SCONC_DUST:missing_value = -999.f
SCONC_DUST:_FillValue = -999.f

http://www.unidata.ucar.edu/
http://www.ucar.edu/
http://www.unidata.ucar.edu/software/netcdf/docs/index.html
http://www.unidata.ucar.edu/software/netcdf/software.html


NetCDF3 “classic” diagram

From Unidata's NetCDF Data Model: http://www.unidata.ucar.edu/software/netcdf/docs/netcdf_data_model.html 



NetCDF4 enhanced data model

From Unidata's NetCDF Data Model: http://www.unidata.ucar.edu/software/netcdf/docs/netcdf_data_model.html 



Data manipulation

NetCDF Operator (NCO)

Climate Data Operators (CDO)

Programming languages like R or Python

http://www.unidata.ucar.edu/software/netcdf/docs/netcdf_data_model.html


Data manipulation – NCO

Download the installer and execute it
Put the NCO directory in the PATH:

Read the documentation!

1. Right-click on "My computer" -> Properties -> Advanced -> Environment Variables

2. In "System variables" chose "Path" variable and click the "Edit" button.

3. Append the NCO path after a semicolon, e.g.: ORIGINAL_PATH;C:\nco

http://www.unidata.ucar.edu/software/netcdf/docs/netcdf_data_model.html


Data manipulation – NCO/NCKS

Append content

Isolate variable

Select an area

ncks -A FILEIN.nc FILEOUT.nc

ncks -v VAR FILEFROM.nc FILETO.nc

ncks -d longitude,260, 20150223_BSC_DREAM8b_V2.nc 
20150223_BSC_DREAM8b_V2_cutted.nc

http://nco.sourceforge.net/
https://code.zmaw.de/projects/cdo
https://www.r-project.org/
http://python.org/


Data manipulation – NCO/Others

Ncap2, the arithmetic processor

Ncatted, the attribute editor

Ncrename

ncap2 -O -s 'SCONC_DUST=0.00347949*(exp(lnsp)/t)*(aermr04+aermr05+aermr06)' 
IN.nc OUT.nc

ncatted -a long_name,T,o,c,temperature IN.nc

ncrename -h -O -v duaod550,OD550_DUST IN.nc OUT.nc

http://nco.sourceforge.net/src/nco-4.3.8.windows.mvs.exe
http://nco.sourceforge.net/#RTFM


Data manipulation – CDO 

Download and unzip the compressed file

Put the CDO directory where you like in you filesystem and 
add the PATH to system one (like NCO)

Read the documentation!



Data manipulation – CDO/Examples

File info

Select area

Time mean

cdo sinfov FILENAME.nc

cdo sellonlatbox,25,60,10,30 FILEIN.nc FILEOUT.nc

cdo timmean FILEIN.nc FILEOUT.nc



www.bsc.es

Thank you!
For further information please contact

francesco.benincasa@bsc.es
sdswas@aemet.es 

dust@aemet.es
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https://code.zmaw.de/attachments/download/8378/cdo-1.6.4-win32.zip
https://code.zmaw.de/projects/cdo/wiki/Cdo#Documentation
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