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History and Objectives

@ Impacts on health, transport, industry, climatology, ...
@ SDS-WAS WMO program (2004-2007)

@ Sand and Dust Storm Warning Advisory and Assessment
System

@ Improvement of Sand and Dust Storm Observation and Forecast
@ Difusion of knowledge and products

@ Regional Centers: Beijin (Asia 2008), Barcelona (NAMEE 2010),
Barbados (America 2016-2017), GCC (Saudi Arabia, 2022)
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WMO Barcelona Dust Regional Center

@ Barcelona Dust Regional Center (2010)

@ WMO Regional Specialized Meteorological Center on
Atmospheric Sand and Dust Forecast, (RSMC-ASDF 2014)

@ AEMET & BSC (Barcelona Supercomputing Center)

Marenostrum 4: BSC Cirrus-Atos: AEMET

CC B A Imet

Agencia Estatal de Meteorologia

s upercomputacion
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ust Cycle

@ Emission

@ Vertical
movement

@ Transport

@ Wet & Dry
Deposition

Source: Barcelona Dust Forecast Center
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Operational model: MONARCH (https://dust.aemet.es)

Multiscale Online Nonhydrostatic AtmospheRe CHemistry
@ Daily forecast: 12 UTC run, 72 h forecast, 3 h step
@ Resolution: 0.1°x 0.1°
@ Domain: Northern Africa, Middle East and Europe

Parameters e

@ Dust Surface Concentration [1.g/m3]
@ Extinction [M/m]

@ Dust Load [g/m2]

@ Dust Optical Depth (Dust AOD) [-]
()

(<}

Dry Deposition [mg/m2]
Wet Deposition [mg/m2]
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Operational model: Current Configuration (Technical Report)

@ Meteorological driver: NMMB Nonhydrostatyc Multiscale Model
on the B-grid (NCEP)

@ Dust source map from Ginoux et al. (2012)

@ Emission scheme from Ginoux et al. (2001)

@ 40 layers extending up to approximately 15 km in the vertical.
@ Meteorological boundary conditions: NCEP/GFS 0.1°x 0.1°

Matural=1173 Tg.yr’ Natural & Anthropogemc Anthro=363 Tg.yr’

Hydro or Natural emission (g.m=.yr’) MNon-hydro or Anthro emission (g.m=.yr')

0 1 10 100 1000 0 1 10 100 1000
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Exemple: Northern Africa Dust Sources (Anthropogenic & Natural)
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19, Chott el Jerid

20, Chott Melrhir

21, Chott el Hodma

22, Chott ech Chergui

23, Morocco coastal plains

24, Andalusia
A, the Sahel
B, the Ouaddai Highlands
C, Ennedi
D, Tibesti
i E, Ahaggar
Land Elevation (m) F, Atlas Mountains
-300 1000 2000 3000 4000
% Hydro % Natural non-hydro % Anthropogenic non-hydro Dust source map

10 20 40 80 100 10 20 40 80 100 10 20 40 60 100

(resolution: 0.1°)
Source: Paul Ginoux et.Al, 2012 — MONARCH
Data: MODIS Deep Blue Level 2
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Dust AOD & SFC Dust Concentration

..-.. (=)o) ..-.. e

@ Impacts at SFC @ AOD [-] — total amount of

@ Air Quality stations — PM10 dust in the atmosphere

@ Vertical levels of dust @ Optical properties — Satellite
concentration (ongoing) AOD, AERONET
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t Vertical Distribution: Cross Section (ongoing!)

Cross Section: 2022-03-14T12 MONARCH Run:2022-03-14T12
Inset (Lon Lat): Cross-Section Path and Dust Load (g m~2)

50001 - o
22 w0 |
as00 £
o f=2]
£ - £ -
: 2.8, 5
el 3000 g E
2 .M. 2
S 200 2 9 <
£ 3 5
< | 5 <
| ~ B &
1500 = ol b B
aN N 2
~/ ~ ——/ L W e

500 /

760 69 633 571 511 -4 3 3, 282 227 174 121 -0, E) 8 175 222 268

Longitude

..-.. E]..

Workshop EUMETSAT WMO Barcelona Dust Regional Center: SDS Forecast Products - 11



Introduction Operational Model: MONARCH

Multimodel Products SDS-WAS
00 000000000

0000000 000000000

Dust Vertical Distribution: Vertical profile, Dakar (ongoing!)

NMMB/BSC-Dust
Dakar-city: 17.36W, 14.76N

12 Dust Forecast at 12 UTC Sun, 23 Feb 2020
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Wet (rain) & Dry (gravitational force) Deposition

MONARCH 3h Acc. Dust Wet Deposition (mg/m*) BEI MONARCH 3h Acc. Dust Dry Deposition (mg/m?) BEI
Valid: 00h 21 Mar 2018 (H+12) PO Valid: 00h 21 Mar 2018 (H+12)
cermAN
seLciom
PORTUGAL VS

frosocco MlP

ALGERIA
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MAURITANIA

NiGER
MaLI
cHAD
SENEGAL &l

Source: Alfons Puertas. Observatori Fabra
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e Multimodel Products
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Multimodel Products
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echnical report multimodel)

ALADIN Consortium

Model Institution Domain Data Assimilation

BSC-DREAMS8b_c2 | BSC-CNS Regional NO

(End 2022) @

CAMS-ECMWF ECMWF @ Global MODIS-AOD

DREAM8-NMME- | SEEVCCC  ¢™sfiyi; Regional ECMWF

CAMS dust-analysis

NMMB/MONARCH |BSC-CNS @ Regional NO

MetUM Met Office ZZ= Global MODIS/Aqua
o]

GEOS-5 NASA @ Global MODIS

GEFS NCEP =" Global NO
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EMA REG CM4 EMA Regional NO
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‘WRF-NEMO NOA ‘:ﬁ % | Regional NO

SILAM FMI @ EMI Global NO

LOTOS-EUROS TNO movation Regional NO
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Workshop EUMETSAT

ICON-ART DWD  SKIT E Regional/Global NO
ZAMG-WRF-CHEM ZAMG A, Regional NO
MOCAGE MétéoFrance Global MODIS and VIIRS

@ 15 models
@ Median — Multimodel!

@ Probability maps,
Warning System

@ Evaluation: AERONET
& MODIS
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Dust Optical Depth (AOD) & Surface Concentration

Variable
Evaluation Observations
AOD &
Models ~  MONARCH Dust Optical Depth (550nm) + | MULTI-MODEL Dust Optical Depth (550nm) +
Valid: 12h 25 Feb 2021 (H+48) ‘ Valid: 12h 25 Feb 2021 (H+48)
- -
BSC-OREAMEb 01 o0z oz o8 12 16 32 68 | o1 02 s s 22 18 32 6 o
MONARCH
CAMSIFS

DREAMS-CAMS
NASA-GEOS
MetOffice-UM
NCEP-GEFS
EMARegCM4
SILAM
LOTOSEUROS
ICON-ART
NOA-WRF-CHEM
WRF-NEMO
ALADIN

MULTI-MODEL -
APPLY 4
s

Probability of
exceedance

FE8 2021 _ O i
©® 3 DOWN
FORECAST ISSUED) AV Dust data ©2022 WMO Barcelona Dust Regional Center i
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Summay SDS forecast products (ll)

Variable
Evaluation Observations
A0D -
Models ~  MONARCH Dust Optical Depth (550nm) ‘ MULTI-MODEL Dust Optical Depth (550nm) +
Valid: 12h 25 Feb 2021 (H+48) ‘ Valid: 12h 25 Feb 2021 (H+48) ‘
| = | D =

BSCOREAMSD 1 0z os os 12 16 22 s | ox 0z os os sz te 22 e [=
MONARCH o
camsIFs

DREAMB-CAMS.
ust Optical Depth @ lat = 19.47 and fon = -1

NASAGE0S Dust Optical Depth @ lat = 1 d 6.52
Metoffice-UM
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@ & oowNLoAD

FORECAST ISSUED, “5iA  Dust data ©2022 WMO Barcelona Dust Regional Center.

@ One-point comparison of models and median of multi-model )

Workshop EUMETSAT WMO Barcelona Dust Regional Center: SDS Forecast Products - 17


https://dust.aemet.es/products/daily-dust-products

Introduction Operational Model: MONARCH Multimodel Products SDS-WAS
00 000000000 0000000 000000000

Ensemble Prediction System (EPS)

@ Chaotic system — limited predictability

@ Sensitivity to initial conditions

@ Uncertainties: emission schemes, physics, parametrizations,....
@ Median — Reference

@ Best verification but... best prediction?

——  Freezingthreshold
o L - aeo  Freezingtime

Observation

Model
Model + perturbations

PDF

Source: Fisica del caos en la predicciéon meteoroldgica, Carlos Santos et al.
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Ensemble Prediction System (EPS)
Parameters available

@ Dust Surface concentration

@ Dust Aerosol Optical Depth (AOD)

@ 48 h forecast (soon 72 h!)

@ Resolution: 0.5°x 0.5° )
lgoals

@ Ensemble forecasts are built with the models available in the

BDRC (member of the ensemble) — Poor man’s ensemble

@ Condense all forecasts into a simpler product

@ Objective probability of the weather situation )

@ These maps indicate the probability of a certain event

@ This probability can help users in their decision making

.
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Variable
. Forecast E ati Observations
Concentration
Models ~  Daily Mean of Dust Surface Concentration

Probability of exceeding 50ug/m>
ENS members: 12 Run: 17 Jan 2022 Valid: 18 Jan 2022
Probability of Sl 4

CTEESTETED 0 10 20 30 40 5 00 70 8 90 W0

> 50 ugim*
> 100 pg/m*

> 200 pgin®

O0O0O@®

> 500 pgim*
APPLY

Warning Advisory
System )

MABRITANIA
I
|

| N.GER y

: MAL
/ / CHAD N
SENEGAI SUDAN

w BuRkiNA .
FASQ \
Renin | NIGERIA

(-]

WMO Barcelona Dust Regional Center: SDS Forecast Products - 20

Workshop EUMETSAT



Introduction Operational Model: MONARCH Multimodel Products SDS-WAS
00 000000000 0000000 ©00000000

0 SDS Warning Advisory System
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00 000000000 0000000 0@0000000
WAS: Exemple Mauritania
today tomorrow
Mauritania SDS-WAS: 17/jan/2022 Mauritania SDS-WAS: 18/jan/2022

26 N Extremely High

Latitude
Latitude

-16 -14 -12 -10 -8 -6

-16 -14 -12 -10 -8 -6
Longitude

Longitude
@ Warning for Today and Tomorrow
@ One color for each province

@ Green: Normal Dust SFC Concentration .
- High @ A third day soon!!

Orange: Very High
Red: Extremely High
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WAS warning thresholds: Exemple Mauritania [1.g/m3]

Perc Adrar | Assaba | Brakna | 'Dakhlet- Gorgol Guidimakha | 'Hodh EI "Hodh EI Inchiri | Nouakchott | Tagant | Trarza | Tris-

Nouadhibou Chargi Gharbi Zemmour|
50% 472 358 492 544 393 241 371 312 550 291 339 620 576
median
80% 742 579 770 760 584 366 571 504 800 507 581 944 952
yellow
90% 921 727 966 893 700 436 707 651 938 661 766 1160 1189
orange
97.5% 1213 970 1256 1126 947 612 982 892 | 1206 890 | 1048 | 1406 1575
red

@ Time series of the multimodel median (5 years)

@ Daily maximum value of Dust Surface Concentration

@ Considered all the grid points in each province

@ Threshold [1:g/m3] based on the percentiles

@ Compare median forecast with the thresholds to assign a color
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WAS: Exemple Mauritania

MULTIMODEL Dust Optical Dept (s50mm)
Valc: 120 07 0ot 2021 (R200)

Mauritania SDS-WAS: 07/0ct/2021

26
24
— w22
3
2
S20
18
16
[Pere T Adear | Aosaba | wrakna | Dokt | Gorgol | Gudmatha | iodnei | odh el | i | Wouskchort | Taga | Trass |
Nousdhbou ng | Gt zemmon]
| | | @ Em) e on | m| ow| | s 16 -4 -12 -0 -8 -6
median
we | 7| w9 0 | £ i | W 7| | | o2 Longitude
yelow
Sox | | | 9 W o W% | e ow | e | 0| am
orsw | | om0 | 16 [P Go w1 | 106 0| a6 | a5
e

@ Comparison of the median forecast with the thresholds calculated with
the time series

@ No probability!
@ Assess surface dust concentration forecast
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WAS Evaluation Exemple: Cabo Verde

Data and methodology

@ Visibility, present weather and relative humidity SYNOP &
METAR

@ Data filtering:

o Relative humidity < 70 %
o Daily mean visibility < 8000 m
o Daily Minimum Visibility

@ Time Series Visibility — Thresholds: yellow, orange, red

@ Evaluation: Comparison of visibility warnings with WAS warnings
for each province/region

v
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WAS Evaluation Exemple: Cabo

Visibility Verification from METAR/SYNOP bulletins by Stations
Date : 06-10-2022

oW Filter METAR & SYNOP:
* RH<70%
* Present Weather (Dust)
- * VIS daily mean < 8000 m
‘%
WAS from METAR/SYNOP bulletins THRESHOLD: Dry season 2017-2021
Date : 06-10-2022 Level : 1
- ., .
RV i .
L = . \
« b )
Warning from Models Warning from Observations
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Warning Advisory System: Persistence Comparison

Bootstrapping Praia Capeverde

— . - LW LR e * Contingency table
’ 1633 00 * Define Index for evaluation
* No Green-Green days
* Bootstrapping
* Comparison with Persistence

Counts

Persistence Evaluation 2021

Counts OBS without green:

Counts without green-green
PERSISTENCIA Boctstrapping Praia Capeverde
Empircal mean:
o e o [
e confidence ntenval 95%: /(1612941 Underforecasting = 24.49% areen  god  orange  red
polue = /e
Toreshoigsvisitym) -/ 52007000 9999 B 00 s s 2
/' WAS Evaluation 2021 = 0o 278 oo
/ onge 222 00 56 278
md 218 00 218 556
Total days: 347
Days with dust event: 26 . e
Days with warning observed or predicted: 49 Counts 008 it reer ® s 311%
s wilhout grewm-reen e fiodd
Empirical mean 25
Bootstrap replicates mean: 242 False Alarm : 2178 %
Overforecasting :  33.33%
The confdence interva 95%:  (1.643.31] e e
pYelue = 4265
Thvesholds Visiity(m) 32007000 999
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Warning Advisory System: Evaluation

Conclusions

@ Not enough SYNOP & METAR stations

@ Qualitative evaluation — lack of PM data

@ Visibility good proxy for regions near the dust sources

@ Not so good for regions relatively far away

@ Dust homogeneous regions — instead of Administrative
divisions

@ Better than Persistence — WAS forecasts better when a
situation starts or ends

@ Objective evaluation — WAS updates
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WMO Annual Airborne Dust Bulletin

S | WREE. _ .
The work presented here is possi-

ble thanks to the collaboration of
the active members of the WMO
SDS-WAS and in particular the
partners of the regional node NA-
MEE.

My thanks to the colleagues of
BSC and AEMET.

Thanks also to the associated re-
searchers from NASA (i.e. AERO-
NET, MODIS), EUMETSAT as well
as the inDust and DustClim net-
works.

Thank you for your attention!
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