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Outline

• Presentation
• The WMO SDS-WAS NA-ME-E Regional Center
• The Barcelona Dust Forecast Center
• The BSC-CNS supercomputing facilities
• The NMMB-MONARCH model
• Hands-on
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BSC Earth Sciences Department

What

Environmental modelling and forecasting

How

Develop a capability to model air quality processes 
from urban to global and the impacts on weather, 
health and ecosystems

Implement climate prediction system for 
subseasonal-to-decadal climate prediction

Develop user-oriented services that favour both 
technology transfer and adaptation

Use cutting-edge HPC and Big Data technologies 
for the efficiency and user-friendliness of Earth 
system models

Why

Our strength …
… research …
… operations …
… services …
… high resolution …

Earth system 
services

Atmospheric 
composition

Computational 
Earth sciences

Climate 
prediction
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Structure

Performance Team
• Provide HPC Services such as performance analysis or 

optimizations for parallel computing 
• Apply and develop new computational methods

Models and Workflows Team
• Development of HPC user-friendly software framework 
• Support the development of atmospheric research 

software

Data and Diagnostics Team
• Big Data in Earth Sciences
• Provision of data services
• Visualization 
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The system is managed by a 
consortium of AEMET and 

BSC in Barcelona, Spain 

● Research and development 
warning advisory & assessment 
system

● Ensemble of models provided by 
various international partners

● Provides:
. Model inter-comparison
. Multi-model products
. AERONET evaluation
. Satellite (MODIS, …) evaluation
. Numerical scores (BIAS, …)
. Datasets download

WMO SDS-WAS NA-ME-E RC

http://sds-was.aemet.es

http://dust.aemet.es
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Current Architecture

WMO SDS-WAS NA-ME-E RC

Web CMS

ObjViewer File System interf....

Frontend

Backend Visual products 
generation

System
Data retrieving

Data processing
File system storage
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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 observational products (MSG RGB EUMETSAT, 
MSG UK MetOffice, Debra-Dust, ...)

WMO SDS-WAS NA-ME-E RC
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Producing

● 72h 6-hourly dust forecasts of 2 variables (Surface 
concentration and Aerosol optical depth) of 12 numerical 
models + 4 multi-model products

● Models evaluation against observations

● Time averaged values

● Studies of dust episodes

● Workshops, training courses and seminars (with materials)

WMO SDS-WAS NA-ME-E RC
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Browsable images

○ Forecast

WMO SDS-WAS NA-ME-E RC
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Browsable images

○ Forecast
○ Multi-model 

Products

WMO SDS-WAS NA-ME-E RC
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WMO SDS-WAS NA-ME-E RC

Browsable images

○ Forecast
○ Multi-model 

Products
○ Evaluation

■ AERONET
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WMO SDS-WAS NA-ME-E RC

Browsable images

○ Forecast
○ Multi-model 

Products
○ Evaluation

■ AERONET
■ MODIS DT
■ MODIS DB
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Browsable images

○ Observations
■ In-situ

WMO SDS-WAS NA-ME-E RC
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WMO SDS-WAS NA-ME-E RC

Browsable images

○ Observations
■ In-situ
■ MSG UK MO
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Browsable images

○ Observations
■ In-situ
■ MSG UK MO
■ EUMETSAT

WMO SDS-WAS NA-ME-E RC
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WMO SDS-WAS NA-ME-E RC

Browsable images

○ Observations
■ In-situ
■ MSG UK MO
■ EUMETSAT
■ DEBRA-Dust
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WMO SDS-WAS NA-ME-E RC

Browsable images

○ Observations
■ In-situ
■ MSG UK MO
■ EUMETSAT
■ DEBRA-Dust
■ Visibility
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WMO SDS-WAS NA-ME-E RC

● Numerical evaluation 
scores
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WMO SDS-WAS NA-ME-E RC

● Numerical evaluation 
scores

● Numerical data 
archive
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WMO SDS-WAS NA-ME-E RC

● Numerical evaluation 
scores

● Numerical data 
archive

● Data download
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Data files download (only for institutions that agree to distribute)

● Register to the portal

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

● Data availability
○ NRT for partners (restricted download)
○ 2-days delay (public download)

WMO SDS-WAS NA-ME-E RC
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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

WMO SDS-WAS NA-ME-E RC

https://eternallybored.org/misc/wget/
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Data policy (1)

● Data, images and other products from the SDS-WAS 
available on the server may be used solely for research and 
education purposes.

● SDS-WAS partners cannot guarantee that the data are 
correct in all circumstances. Neither do SDS-WAS partners 
accept any liability whatsoever for any error or omission in 
the data, or for any loss or damage arising from its use.

● Data must not be supplied as a whole or in part to any third 
party without authorisation.

WMO SDS-WAS NA-ME-E RC
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Data policy (2)

● Articles, papers, or written scientific works of any form, based 
in whole or in part on data, images or other products supplied 
by the SDS-WAS, will contain an acknowledgment 
concerning the supplied data, every time they are used.

● In the case of establishing links to the contents of this 
website, kindly inform us via email.

WMO SDS-WAS NA-ME-E RC
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Link to international data initiatives

• EUDAT
– Ongoing integration with the EUDAT storage platform to have:

• Data sync & exchange

• Data replication

• Data discovery & search

• Data repository & sharing

• Data staging

• RDA Interest Group in “Weather, climate and air quality”
– Discuss the challenges for the use and efficient analysis of large 

and diverse datasets from the climate, weather and air quality 
communities

– Strong pressure from a large user community
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The Center is managed by a 
consortium of AEMET and 

BSC in Barcelona, Spain 

● First Specialized WMO Center 
for Mineral Dust Prediction

● Numerical forecasts based on 
the NMMB/BSC-Dust model at 
0.1º resolution

● Provides forecasts to WMO 
GTS, EumetCAST and AEMET

● NRT evaluation
● Some personalized products 

(zooms over specified areas)

Barcelona Dust Forecast Center

http://dust.aemet.es

http://dust.aemet.es
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Operational center

● Operated by BSC and AEMET

● Officially recognized by the WMO
 
● 72 hours forecast (3-hourly) model developed at BSC 

NMMB-MONARCH (~1GB per daily dataset)
 
● 6 variables - 1 level (Optical depth, Dry and Wet deposition, 

Load, Surface concentration, Surface extinction)

 

Barcelona Dust Forecast Center



Redundancy (ongoing)
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Barcelona Dust Forecast Center
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Products
 
● Forecast images

● Google Earth integration (KML/KMZ files)

● Averaged values images

● Zoomed area forecast images (Spain, Burkina Faso, …)
 

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



35

Barcelona Dust Forecast Center
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Barcelona Dust Forecast Center



37

Services
 
● Forecast images dissemination 

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

mechanism)
○ UNEPlive

● News & Events, Newsletter

Barcelona Dust Forecast Center
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WMO GTS 

Barcelona Dust Forecast Center
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EUMETCast
 

Barcelona Dust Forecast Center
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Mare Nostrum 3

• Peak performance of 1.1 Petaflops

• 48.896 Intel Sandy Bridge processors

• 3.056 nodes

• More than 115 TB of main memory

• 2 PB of GPFS disk storage

Important: BSC HPC facility 
is intended for research 
purpose, cannot be 
considered operational.
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Mare Nostrum 4

• Peak performance 13.7 Petaflop/s

• Central memory of 390 Terabytes

• Disk storage capacity exceeding 10 Petabytes

• Connected to the storage infrastructures of BSC-CNS, 
which have a total capacity of 24.6 Petabytes
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NMMB-MONARCH (was NMMB/BSC-CTM)

• Multiscale Online Nonhydrostatic AtmospheRe CHemistry 
model
– Meteorological core developed in NCEP
– Aerosols and chemistry in gas phase in BSC

• Domain North Africa, Middle East and Europe [25° W – 
65° E and 0° – 65° N] (lon, lat)

• 0.1º x 0.1º x 40 layers
• Temporal resolution: 72h 3-hourly
• Post-processed output: 11 Gb, 15 pres levels, ~50 

variables
• 16 nodes - 256 cores
• Execution time on MN3: ~48m (-O3, ifort 13.0.1, Open 

MPI)



45

• Automatisation: Preparing and running, post-processing and 
output transfer, all managed by Autosubmit. No user intervention 
needed.

• Provenance: Assigns unique identifiers to each experiment and 
stores information about model version, configuration options, etc

• Failure tolerance: Automatic retrials and ability to repeat tasks in 
case of corrupted or missing data.

• Versatility: Currently run EC-Earth, NEMO and NMMB models on 
several platforms.

.

Workflows: Autosubmit

• C3S Climate Projections Workshop: Near-term predictions and projections, 21 April 2015
D. Manubens, J. Vegas (BSC)

Workflow of an experiment 
monitored with Autosubmit 
(yellow = completed, green 
= running, red = failed, … )
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• Data assimilation, ensemble of 12 members

NMMB-MONARCH

(...)

Day 3:
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Performance tools

• Since 1991
• Based on traces
• Open Source: http://www.bsc.es/paraver
• Extrae: Package that generates Paraver trace-files for a post-mortem analysis
• Paraver: Trace visualization and analysis browser

– Includes trace manipulation: Filter, cut traces

• Dimemas: Message passing simulator

Application Trace files

EXTRAE 
library

DIMEMAS 
simulator

Trace visualization

DIMEMAS generated trace. Target = ideal machine

Paraver Paraver

Simulated 
trace files

processes

time
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• Earth System models can consume a huge amount of 
computational resources.

One hour simulation of NMMB/BSC-CTM, global, 24km, 64 layers

meteo:
9 tracers

meteo + 
aerosols:
9 + 16 tracers

meteo + aerosoles 
+ gases:
9 + 16 + 53 
tracers

Performance analysis
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Setting hands-on

• Connect to the server using ssh
• ssh -XY tutorial@192.168.8.10
• password: bigdata2017

• Check X11 is working
• xeyes

• Create a folder with your name
• mkdir kimserradell

• Enter in your folder and copy files
• cd kimserradell
• cp -rp /opt/hands-on/ .

• Exercices will start always in 
/home/tutorial/${yourname}/hands-on/
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Setting hands-on at home

If you want to work at home, using Ubuntu:
– sudo apt-get install ncview 
– sudo apt-get install cdo 
– sudo apt-get install python-matplotlib 

python-matplotlib-data python-mpltoolkits.basemap 
python-mpltoolkits.basemap-data python-requests 
python-json python-netcdf4 imagemagick

Data for tutorial can be downloaded at
http://www.bsc.es/projects/earthscience/public/files/tutorial.tar.gz

http://www.bsc.es/projects/earthscience/public/files/tutorial.tar.gz
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Hands-on

• Ncview
– Visualize file

• ncview data/NMMB-BSC-CTM_2017083012_glob.nc
– Select dust_load variable

• 3d vars → dust_load
– Display overlay

• Opts → 0.08 degree coastlines
– Change colour scale

• First button in second row (3gauss, detail, ssec...)
– Visualize different time steps

• “Play” button on top
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Climate Data Operators

• Collection of command line operators to manipulate and analyse Climate 
and NWP model data
– https://code.mpimet.mpg.de/projects/cdo

• Supports data formats GRIB1/2, netCDF 3/4, EXTRA and IEG

• More than 600 operators available
– Information on datasets
– Selection of specific data from a file
– Comparison
– Modification of attributes, names, variables
– Arithmetic operations
– Statistical values
– Regression
– Interpolation
– Transformations

• It runs on Linux, Unix, MAC OS, Window
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CDO

• Select a variable from a netcdf file (selvar,var):
– cdo -selvar,slp 

data/NMMB-BSC-CTM_2017083012_glob.nc slp.nc

• Compute the temporal mean of a variable (timmean):
– cdo timmean slp.nc slp_timmean.nc

• Compute the spatial mean over a domain of a variable 
(fldmean):
– cdo output -fldmean slp_timmean.nc

• Compute wind speed at 10m (U10, V10)
– cdo expr,'WNDSPD10=sqrt(u10*u10+v10*v10)' 

data/NMMB-BSC-CTM_2017083012_glob.nc 
WNDSPD10.nc
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CDO

• Show cells where wind speed at 10m is greater than 20 
m/s
– cdo gtc,20 WNDSPD10.nc WNDSPD10_gt20.nc

• Compute the total particulate matter (PM10+PM25) at 
10m
– cdo 

expr,'PMTOT10m=(dust_pm10_sconc10+dust_pm25_sco
nc10)' data/NMMB-BSC-CTM_2017083012_glob.nc 
PMTOT_10m.nc
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Plotting with python

• Using Python language to plot maps and time series

• Requirements
– Python
– Matplotlib 1.0 or greater
– Basemap 0.9 or greater
– Numpy
– Nio or scipy/netcdf (some Python library for reading in netCDF 

files is necessary)
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First example

cd python
python first_plot.py

#!/usr/bin/python

import matplotlib as mpl
mpl.use('agg')

from mpl_toolkits.basemap import Basemap
import matplotlib.pyplot as plt
 
map = Basemap(projection='ortho', lat_0=50, lon_0=-100,
              resolution='l', area_thresh=1000.0)
 
map.drawcoastlines()

plt.savefig('plot1.png')
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Map Generator

./map_generator.py ../data/2017083012_3H_SDSWAS_NMMB-BSC-v2_OPER.nc 
od550_dust

display ../data/2017083012-3H_SDSWAS_NMMB-BSC-v2_OPER-od550_dust-00.gif
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Map Generator

./map_generator.py ../data/2017083012_3H_SDSWAS_NMMB-BSC-v2_OPER.nc 
sconc_dust

./map_generator.py ../data/2017083012_3H_SDSWAS_NMMB-BSC-v2_OPER.nc dust_load

In mg.cfg
[3H_SDSWAS_NMMB-BSC-v2_OPER-dust_load]

title = "Barcelona Dust Forecast Center - 
$http://dust.aemet.es/$\nNMMB/BSC-Dust   Res:0.1°x0.1°   Dust Load 
(g/m²)\nRun: %%s   Valid: %%s (%%s)\n" 
mul = 1000
bounds = 0.1, 0.2, 0.4, 0.8, 1.2, 1.6, 3.2, 6.4
boundaries = 0, 10
anim = True

Add
  latitude = 20, 35
longitude = -20, 5
coordint = 5
resolution = 'i'
interval = 2



www.bsc.es

francesco.benincasa@bsc.es

Thank you!


