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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

EXCELENCIA
SEVER:

Centro Nacional de Supercomputacion

strength

T
research N i W)

| N

operat i 0. o e
. MareNostrum

su?ercomputer ,
u I On e

ser vi
hi gh

ces
res ol

Climate
prediction




Barcelona
Supercomputing

Atmospheric Composition: NI\/II\/IB/BSUI\/I@"’"“

- Themain system is build on thmeteorological driveNMMB
- Multiscale: global to regional scales allowed (nesting capabilities)
- Nonhydrostaticdynamical core: single digit kilometre resolution allowec

- Fullyon-line coupling:weatherchemistryfeedback processeslowed
- Enhancement with data assimilationsystem

http://www.bsc.es/earth -sciences/nmmbbs@roject
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NMMB/BSE&CTM: Aerosol data assimilati o(@ e

observations

NMMB/BSC-CTM coupled with a
Local Ensemble Transform Kalman
Filter (LETKF) for the assimilation of
aerosol optical depth observations

ensemble
forecast

EOEE

ensemble mean analysis

[
»

analysis-initialized
forecast

Mineral dust application
The ensemble forecast is based on
uncertainties in the dust emission
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MSG/SEVIRI RGB dust product‘
14:00 UTC 14/07/2011

At the beginning of a cold pool
outflow formation

MSG/SEVIRI RGB dust produc(
10:30 UTC 15/07/2011 . : "as.

The haboob {pink) extends for
hundreds of kilometers

MODELCONFIGURATION

MSG/SEVIRI RGB dust product .
22:00 UTC 14/07/2011 |

The habqob (pink) separates from its
originated thunderstorm (red) and
moves northwest

MSG/SEVIRI RGB dust pmduct
22:00 UTC 15/07/2011 *‘

The haboob propagation Stops after
more 24 h and 1000 km covered (size
of the lberian Peninsula

Studydomain: 6°W-10°Eto 15°N-31°N

Studyperiod: from 14 to 15 July2011

Horizontalresolution 0.03°x0.03° (about3 km)

Vertical resolution 60 -layers(12-15 -layersin the first 2000m)

Coldstart (Nodata assimilation)

(Vendrellet al., Aeolian Res., in preparation)

Surf. Dust Concentration (ug/m"), Wind (kt)
22UTC 14 JUL 2011
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Temperature 2m (K), Wind (kt)
22UTC 14 JUL 2011

Vertical Velocity (m/s) 12th layer, Wind (kt)
22UTC 14 JUL 2011

e —

Wind Speed (m/s), Wind (kt)
22UTC 14 JUL 2011
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Mineral dust: haboobs (with explicit convection) @"’

Dust Conc. (ug/m”), Wind (kt), Pot. Temp (K)
10,.22UTC 14 JUL 2011 - LAT = 185" N

Temperature (K), Wind (kt), Pot, Temp (K)
ok 22UTC 14 JUL 2011 - LAT = 18.5

Vert. Velo. (m/s), Wind (kt), Pot. Temp. (K)
10,22UTC 14 JUL 2011 - LAT = 18.5 N )

Wind Speed (m/s), Wind (kt), Pot, Temp. (K)
Jom22UTC 14 ULZOll - LAT = 18.5"N



Barcelona

Mineral Dust Services e §
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Daily dust operationaforecast
(global and regional domains) e

http://www.bsc.es/earthsciences/mineral N
dust/nmmbbsedust-forecast ’ X

V Contribution to thd CAPmulti-model ensemble
(gIObaD 3 W r eE ln;Dm,':':

Barcelona Dust Forecast Center - http://dust.aemet.es/
l IS e I I e rS NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
T [+ \D =
60°N . oh Sl

SDSWAS North Africa, Middle East and Europe
Regional Centerhttp://sds-was.aemet.es
started in2010¢ Research

BarcelonaDust Forecast Center
First specialized WMOenter for mineral dust predictio ™
http://dust.aemet.es started in 2014 Operational °



http://icap.atmos.und.edu
http://icap.atmos.und.edu
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SDS-WAS NAMEE: Dust Forecasts BT s

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

WMO Sand and Dust Storm Warning Advisory andAsSessment System (SD5-WAS)

&=Li--_-le= FORECAST AND PRODUCTS
e A Data exchange

A Joint visualization
A Common forecast evaluation
w4 A Generation of multimodel products
- A Calculation of monthly evaluation metrics

Latest News Dust forec:

A New sources of data for model evaluation

Greenbelts in Irag to Combat
Sandstorms Ry

“ A Sharing model output data files

UNEP GI b IE vironmental

Ale ‘tS releases

Fc- t g nd e Iv
g of dust 5

E A Timeaveraged products
Sl n dser st o t s | R N

Multimodel |

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



SDS-WAS NAMEE: Dust Forecasts @=—""

Dust prediction models provide 72 hours (at 3-hourly basis) of dust forecast
(AOD at 550nm and surface concentration) covering the NAMEE region.

Barcelona R U N
Supercompuﬂng MODEL DOMAIN DATA ASSIMILATION
Center Tl M E

BSC-DREAM
LMD s¢ 8b 12 Regional No
v2.0
. CHIMERE 00 Regional No
OPErnICUS
LMDzT-INCA 00 Global No
LSCE CAMS-ECMWF 00 Global MODIS AOD
\/\ M orEUARA DREAMS8-NMME 00 Regional CAMS analysis
m =¥ OLLTLLY NMMB/BSC-Dust | 12 Regional No
MetUM 00 Global MODIS AOD
k\CE ' Q’o GEOS-5 00 Global MODIS reflectances
NGAC 00 Global No
EMA REG CM4 12 Regional No
DREAMABOL 12 Regional No
NOA WRF-CHEM 12 Regional No
& oa% FMI-SILAM 12 Global No
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ol PANsH RGO http://sds -was.aemet.es/,



SDS-WAS NAMEE: Joint visualization
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WMO SD5-WAS N-Africa-Middle East-Europe RC

BSC-DREAMBD  Dust ADD

Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00)
a——

WMO SDSWAS N Africa-Middle East-Europe RC
NMMB/BSC-Dust  Dust ACD
Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00}
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WMO SDS-WAS N _Africa-Middle East-Europe RC
DREAMABOL  Dust ADD
Run: 00h 06 APR 2016 Valid: 12h 06 APR 2016 (H+12)
=

WMO SDSWAS N Africa-Middle East-Europe RC
MEDIAN Dust ADD
Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00}
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WMO SDS-WAS _N.Africa-Middle East-Europe RC
AMS-ECMWF  Dust ADD
Run: 00h 06 APR 2016 Valid: 12h 06 APR 2016 (H+12]

Sl

oW oW

WMO SOS-WAS N Africa-Middle East-Europe RC
NASA GEOS-5  Dust AOD
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WMO SOS-WAS N Africa-Middle East-Europe RC
NOA WRF-CHEM Dust ADD
Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00)
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WMO SDSWAS N Africa-Middle East-Europe RC
REAME-NMME-MACC  Dust ADD
Run: 00h 06 APR 2016 Valid: 12h 06 APR 2016 (H+12)

WMO SD5-WAS N Africa-Middle East-Europe RC
NCEF NGAC Dust AOD
Run: 00h 06 APR 2016 Valid: 12h 06 APR 2016 (H+12)

WMO SDS-WAS N Africa-Middle East-Europe RC
SILAM Dust A0D
Run: 00h 06 APR 2016 Valid: 12h 06 APR 2016 (H+12)
— e
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AOD at 550nm
from 6-Apr-2016 12:00 to
9-Apr-2016 00:00

http://sds -was.aemet.es/®




SDS-WAS NAMEE: Multi-model @=—"_

At
Surfaceconcentration o :

WMO SDS-WAS  N.Africa-Middle East-Europe RC WMO SDS-WAS N .Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?) MEAN Dust Surface Concentration (ug/m?) MEDIAN Dust AOD MEAN Dust AOD
Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00) Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00) Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00) Run: 12h 06 APR 2016 Valid: 12h 06 APR 2016 (H+00)
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STDEV  Dust Surface Concentration (pg/m?) RANGE Dust Surface Concentration (ug/m?) STDEV  Dust AOD RANGE Dust AOD
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from 6-Apr-201612:00 to9-Apr-201600:00

Model outputs are blinearly interpolated to a common 0.5°x0.5° grid mesh. Then, different multi
model products are generated:

CENTRALITKhedian- mean
SPREADxtandard deviatiorg range of variation

TerradellasS G | f-\ASmiIUtiSnpdel ensemblé presentationat 16:45




SDS-WAS NAMEE: NRT AERONET @ ""?”"'
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SDS-WAS NAMEE: MODIS Comter s
Atmet I8

Agencia Estatal de Meteorologia

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD;;, - DEC 2015 - FEB 2016

b

6.4
60°N
3.2 BIAS ROOT MEAN SQUARE CORRELATION FRACTIONAL GROSS NUMEBER OF
50°N e ERROR COEFFICIENT ERROR CASES
[
1.6 BSC_DREAMBSb -0.24 0.43 0.63 1.07 207012
40°N
12 NMMB/BSC- -0.10 0.29 0.78 0.98 201353
’ Dust
30°N
0.8 NCEP NGAC 012 0.32 0.68 0.71 207012
EMA RegCM4 0.11 0.54 0.29 0.94 39231
20°N 0.4
DREAMABOL -0.21 0.44 0.36 0.96 198954
10°N |- 0.2 NOA-WRF- -0.19 0.41 0.46 1.04 198463
CHEM
0.1
0° el .
20°W  10°W  0°
WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS DEEPELUE AOD,, - DEC 2015 - FEB 2016
6.4
BIAS ROOT MEAN SQUARE CORRELATION FRACTIONAL GROSS NUMBER OF
3.2 ERROR COEFFICIENT ERROR CASES
BSC_DREAMBSh -0.23 0.44 0.45 0.89 51308
1.6
NMMB/BSC- -0.11 0.34 0.78 1.03 47494
1.2 Dust
NCEP NGAC -0.14 0.34 0.69 0.66 48659
0.8
EMA RegCM4 0.17 0.59 0.35 0.82 12050
0.4 DREAMABOL -0.25 0.46 0.41 0.91 48036
02 NOA-WRF- -0.22 0.43 0.48 1.03 51220
) CHEM
0.1
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SDS-WAS NAMEE: Model evaluation @mmm

o= EUMETSAT

7 March 2015

Northern Africa

10°W o * * 30°E 40°E S50°E

tH+ + o+ o+

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

MET18 RGB-Dust 2015-83-87 23:88 UTC gl EUMETSAT




SDS-WAS NAMEE: Model evaluation (@"“”"

Amet B8
AQnetworks. Canarylslands20132014 S —

Not all PM10 is dust: Local sources

Dust filter: Moving 40th percentile of 30
: E days, 15 days before and 15 days after

o P (Escudero at al. 2007).
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SDS-WAS NAMEE: Model evaluation

NRTvisibility evaluation: 6" April 2016 012UTC

WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by airborne dust - STATIONS
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WMO SDS-WAS N Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: 12h 05 APR 2016 Valid: 06h 06 APR 2016 (H+18)

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: 12h 05 APR 2016 Valid: 12h 06 APR 2016 (H+24)
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http://sds -was.aemet.es/,
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SDS-WAS NAMEE: Model evaluation

Ceilometer
Santa Cruz de Teneriend Granada (Spajn

+ High density of stations
- Qualitative products
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- Low number of stations

+ Quantitative products
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http:// sdswas.aemet.efprojectsresearch/evaluatiorof-modelderiveddustverticalprofiles 15
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Barcelona Dust Forecasting Center

, 4
- e tme e o 2 _
m ABOUT US FORECAST EVALUATION METHODS m EVENTS CONTACT -

NEWSLETTER

Keep up to date with our

g In 2014, the FlrsBpec:laIlzed_’:enterfor Mineral Dust R

Prediction oflWMO is created
NMMB/BSCDustselected to provide operational forecasts
for NAMEE reglon y

JJ

.

2 About us
? Forecast

¥ Evaluation

* Dust forecast

Y Methods Lat'est dgst forecast for Northern
Africa, Middle East and Europe
) News
Check it here
) Events
) Contact

LATEST NEWS

) http://dust.aemet.es/
¥ @Dust_Barcelona
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BDFC: Dust Forecasts products @ Coenfi y Bgroro

DustOptical Depthat 550nm
DustDry Deposition

DustLoad
DustSurfaceConcentration
DustSurfaceExtinctionat 550nm
DustWet Deposition

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Ext. (Mm™)
Run: 12h 07 MAR 2015 Valid: 12h 07 MAR 2015 (H+00)
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http://dust.aemet.es/
yw @Dust_Barcelona 17



