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WMO-WWRP/GAW Sand and Dust
Storm Warning Advisory and

Assessment System
SDS-WAS

Mission

To enhance the ability of
countries to deliver timely and
guality sand and dust storm
forecasts, observations,
Information and knowledge to
users through an international
partnership of research and
operational communities

WMO, Atmospheric Research & Environment Branch, Research Dept.



Meteorological
Organization

Atmospheriderosol Eddies NAS¥imatedVap 10km GEGS AOD: Redolourd DustAerosols
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2225 meteorological stations from the International Station Meteorological _
Climate Summary (ISMCS) data set. A dust storm occurs when visibility is Global Dust Potential Map (After DTF)2013

less than 1 km, and resulting fronTexgsiet al., 2004).
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Brief WMO SDS-WAS history

2004: Beljing, China: International Symposium on SDS & a WMO
Experts Workshop on SDS.

2005: More than 40 Member countries indicated interest to
cooperate in SDS-WAS.

2007: the 14th WMO Congress endorsed launching of the SDS-WAS.

2008: the 60th EC of WMO welcomed the establishment of the two
SDS-WAS regional centres in China and Spain in support of the
corresponding SDS-WAS nodes.

2009-2015: A series of workshops within the SDS-WAS in: Barcelona
(Spain), Niamey (Niger), Ankara (Turkey), Antalya (Turkey), Tsukuba
(Japan), Seoul (Korea), Teheran (Iran), Belgrade (Serbia), Kuwait City
(Kuwait), Manama (Bahrain), Castellaneta Marina (Italy), Casablanca
(Morocco), Amman (Jordan), ...

2014: Opening the Barcelona Dust Forecast Centre - 1St WMO
Operational Dust Prediction Centre

2015: Application for the Asian Dust Forecast Centre by the Asian
SDS-WAS Node - hosted by CMA, Beijing
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Model Institution Domain

BSC-DREAMS8b_v2 Barcelona Supercomputing Regional
Center, Spain

CAMS European center for Medium- Global
Range Weather Forecast, U. K.

DREAM-NMME-MACC South east European Climate Regional
Change Center, Serbia

NMMB/BSC-Dust Barcelona Supercomputing Regional
Center, Spain

MetUM Met Office, U. K. Global

GEQOS-5 National Aeronautics and space Global
Administration, U. S.

NGAC National Centers for Global
Environmental Prediction, U. S.

EMA REG CM4 Egyptian Meteorological Regional
Authority, Egypt

DREAMABOL National Research Council, Italy Regional

WRF-CHEM National Observatory of Athens, Regional
Greece

SILAM Finnish Meteorological Institute, |Regional
Finland

CUACE/Dust China Meteorological Regional
administration, China

MASINGAR Japan Meteorological Agency, Global
Japan

ADAM Korea Meteorological Regional
Administration, Korea

5 globalmodels
9 regionahmodels
14 organizations

3 regionahnodes

2 regionateenters




SDS-WAS Activity Nodes:

A 3 RegionadNodes, 15 organizations providing forecast

A WMO WWRP/GAW Global Coordination: Steering Committee and Trust F
A Regional coordination through regional activity nodes

A SDSWAS Science & Implementation Plan approved
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SDS-WAS: Federated System

WMO SDS-WAS

Regional node 1

Regional node n

Regional node 2 -
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WMO SDS-WAS Steering Committee

From NAMEE Node:
Enric Terradellas, AEMET, SC Chair
SlobodanNickovic, NAMEE Chair
Angela Benedetti, ECMWF/CAMS
From Asia Node:
Zhang, Xiao-Ye, CMA, Asia Node Chair
Ryoo, SangBoom, KMA
From PanrAmericas Node:
Sprigg, William A ., Arizona Uni, PanAmerican Node Chair
David Farrell, Barbados, CHMI, Pan-American Center Host
From WMO Secretariat:
Alexander Baklanov




SDS-WAS Regional Nodes and
Centers established by 2016:

A Regional Node for Asia, coordinated by a
Ll L Regional Center hosted by the CMA (Beijing,
China),

A Regional Node for Northern Africa, Middle
East and Europe (NA-ME-E), coordinated by
the Regional Centre as a consortium of the
Spanish State Meteorological Agency
(AEMET), and the Barcelona Supercomputing
Center T National Supercomputing Center
(BSC-CNS),

A Pan-American Regional Node hosted by the
Arizona University (USA) and the Caribbean
Meteorological and Hydrological Institute,
Barbados T hosting the Center (in progress).

WMO, Atmospheric Research & Environment Branch, Research Dept. Weather - Climate - Water



NA-ME-E Exchange of SDS Model Products

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion

P

MacCC m

70 crrvuren
S==¥ OLLTULULU

\24

MODEL INSTITUTION RUN DOMAIN DATA
TIME ASSIMILATIO
BSC BSGCNS 12 | Regional No
DREAM8b
MACC ECMWEF 00 Global MODIS AOD
DREAM SEEVCCC| 00 | Regional | MACC analysis
NMMEMACCGC
NMMB/BSC BSACNS 12 | Regional No
Dust
MetUM U. K. Met 00 Global MODIS AOD
Office
GEOS NASA 00 Global MODIS
reflectances
NGAC NCEP 00 Global No
RegCM4 EMA 12 | Regional No
DREAMABOL CNR 00 | Regional No

A Dust surface concentration and dust optical depth at 550 nm
A Lead times: 0-72 h every 3 hours



WMO Supported Aerosol and Weather Prediction Research

Forecast Models System Components:

Organization
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WIMOSS B-W/ASand Global/Atmesphel& A atch)\ (G A

GALION GAW Aerosol Lidar Observation GESAMP project (GAW,
Network - data extensively used WWRP and SDS-WAS)
AERONET (Sunphotometer network)

A used for SDSWAS model validation
ANew stations over Saharan sites (AEMET)
Ceilometer global network (WMO-DWD
initiative) T source for aerosol profiling

Model evaluation metrics. Se: | scores

Date: Soisotfear- W | SocotScazon W

Dec 2012 - Feb 2013, Dust Optical Depth
Threshold Angstrom Exponent = 0.600 Model

validation/intercomparison
against AERONET

Observation SDS-Africa: new AERONET stations

Soluble Fe deposition to ocean
(Nickovic et al, 2013) - simulation




SDS-WAS: Data Assimilation
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* With data assimilation

KMA: MODIS AOD assimilation
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SDS-WAS: Model Validation

Meteorological
Organization

y- NAMEE daily, monthly, seasonal and annual
- . | Validations of models against AERONET AOD

T ronccnsm promvcrs | e s | s | “news— evers

FORTH_CRETE (Greece) - October 2015

20
You are here: Home > News > MACC-II reanalysis. Evaluation of dust products O G T Y L CompRAMsce DO Nesr Rae
s == DOD:;, NMMB/BSC-Dust ~— DOD;; EMA RegCM4.
18 /A A AOD:, AERONET ——  DODiso U.K MetOffice MetUM DODyy, DREAMABOL.
. . — DODu;BSCOREAMSD  — DOD,., NASA GEOS-S =+ DOD. MEDIAN
MACC-II reanalysis. Evaluation of dust products I R (o

Sducts by Enric Terradellas — last modified Apr 16, 2015 03:49 PM

MACC-II MISR MODIS

WW 0 WE 0T WE Ot 0T 00T

WE WY 0T Wt

JEM :

Aerosol Optical Depth (AOD,), Dust Optical Depth (DOD.,) and Angstrom Exponent (AE)

- - ol v . (P . d Y Y. A J
= WE 206 JFE 40F SE 60E WW_ O WE JNE JWE &E WE F A p 3 WE E WE WF 1W0OW O WE 20F JE 4FE S0€ 6f
AOD at 550 nm (MACC) AOD at 555 nm (MISR) \ AQD at 550 nm (MODIS) Extinction-AOD at 500 nm (OMI)
——— LT T — —— 1 1 T s>
T T — —— LT T —

) O 0t 02 03 04 05 08 07 08 09 10 O ©01 02 03 040506 07 08 09 10 O 01 02 03 04 08 06 07 08 09 10

: WW 0 WE 0T 0T 4T 0T 0T W0 WE_NEXNE &E_0E_WT W 0 0T 0 0T e 0Tt
- L -

jaRegional Center

PROJECTS & RESEARCH mm EVENTS CONTACT US

ou are here: Home » Forecast & Products > Forecast evaluation > Model evaluation metrics

AM) :

15N 28N W'N
1SN 25N 3N

N
5N

Monthly scores

e P .
o = _G8 by Francesco Benincasa — last modified Nov 27, 2014 11:51 AM

’ Extinction-AOD at S00 nm (OMI)
[)

. y ] £
WE_0E_WE_&T_WE 60t CW_ o WE Mt WE &t W Wt : ' Wt_DE w0t et A Fot wE
AOD at 550 nm (MACC) | AOD at 555 nm (MISR) AOD at 550 nm (MODIS)

) sx ©2 03 04 05 08 07 08 09 10 ) 02 ©3 04 05 08 07 08 09 10 0 01 02 0 04 05 08 07 08 09 10 01 02 03 04 05 06 07 08 09 10 Date:
WW O WE NF WE LF_NE_0F WW_ 0 WE NE XE WF 0T KT r 'E 0T 0T T ST WT 0F WE_&E SE e
= = 4 J
2 R Oct 2015. Dust Optical Depth.
; y ; Threshold Angstrom Exponent = 0.600
JAS = ~ BIAS
! 1 BSC_ mMace- DREAMS- NMMB/ UK. Mt Nasa NeEP EMA DREAM MEDIAN
: . DREAMSE  ECMWE  NMMEMACC  BSCDust  OFes  GEOS-S  NGAC  RepcMd  ABOL
VT 0 0T 40T 0T oW o 0T WE &t W8 e 3 ol g et W W W T We e %8 w8 et Sahel/Sahara -02a  -0.as 014 016 0.0 016 -0.05 002 -0.01 -0.14
AOD at 550 nm (MACC) AQD at 555 nm (MISR) Extinction-A0D at 500 nm (OMI) } show stations.
__© 01 02 03 04 03 08 07 0 _ 01 02 0) 04 05 ¢ & 09 10 | 1 Middle East 030 -0.22 -0.13 -0.45  -0.47  -0.31  -0.33 014  -0.05 -0.27
WE 20E WE WW O WE 0F XE WF SNE O0F how stations
= Mediterranean -0.21 -0.17 -0.14 -0.23 -0.17 -0.17 -0.13 -0.13 -0.09 -0.17
3 show stations
H ToTAL 02 -0a6 014 020 012  -047 -0.00  -0.01  -0.03 -0.16
=
= JROOT MEAN SQUARE ERROR
= ssc_ wACc  DREAMS- NMME/ UK Me  NASA nee  maa oREAM  MEDIAN
o e B < DREAMSh  ECMWF  NMMEMACC  BSC-Dust  Office  GEOS-5  NGAC  RegCHM4  ASOL
0 WE_0T_20C et 08wt WW_ 0 W0f_0T_XE_t %1t -
ACD nli&Onm (MACC) “AOD at 555 nm (MISR) AOD at 550 nm (MODIS) { Extinction-AOD at 500 nm (OMI) J Sahel/Sahara 0.51 0.43 0.44 0.51 0.36 0.46 043 0.65 043 045
e —— T — show stations
S 01 02 83 04 05 08 07 08 09 10 ) 8 01 02 9; qn 95 08 917" 99 10 J 0% 02 03 04 05 08 07 08 09 10 0 03 02 03 04 05 08 07 00 89 10
Middle East 0.35 0.31 0.27 0.50 0.23 0.38 0.41 0.50 0.20 0.34
show stations.
. ater
Mediterranaan 038 oa3s 028 040 02 039 o3 046 o038 o03s

show stations



Coupled meteorology-composition modeling
for SDS applications

_ : SDSWAS plans
Dust: the best agent faoldcloud generation | 14 gevelop coupled models with integr
OBS RaD | DIRECT FEEDBACKS | | dusatmosphere
\ \ -directand

(Qust aerospl feedbacks in the climate system-> -indirect (clouds) _ _
Imyroving temperhture simulation after including feedback mechanisatsegional amgobal

dist fekdback (case study) scale
o T = WGsWCRPWGNE, S2%8/esoscale
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el Difierence REF — TOTAL for 2m temperature (left) and 850 hPat ture (right),
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(Wang et al., 2010) . .
MACC dust-radiation feedback
CMA dust-radiation feedback T difference (Remy et al, 2014 ACP)
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SSECMWF Duststorm: Comparisorof aerosolsources

AWGNE study o&erosol
impacts on NWP in an extreme
dust event, Eqypt17/4/2012

AAODs are larger when taking
into account the direct effect

ABecause 10m wind speed is
larger when taking into account
the direct effect

AA small increase in 10m wind
speed brings a large increase ir
dust aerosol production
through saltation (power 3
dependency to 10m wind
speed)

Courtesy ofS. Ry, A.
Benedetyj M. RazingerL.Jones
andT. Haiden

WGNE Exercise

Tuesday 17 April 2012 00UTC MACC Forecast t+021 VT: Tuesday 17 April 201221UTC
Wind speed used for dust aerosol production (m's)

G H o
Tuesday April 2012 0OUTC MACC Forecast 1+021 VT: Tuesday 17 April 201221UTC
l Wind speed used for dust aerosol production (m's)

Evaluating Aerosols |




Impact study of climate change on SDS

NAMEEDSWASdust reanalysis project

Dust reanalysis 1979-2010 using the BSC dust model (horizontal
0.5x0.5deg; 40 vertical layers)

NMMB/BSC-Dust Surface Concentration {(ug/m?)
NMMB/BSC-Dust Reanalisys 2005-2010 MAM Reanalysis 1979.2010

[— Burkinafaso — Mali — Niger Chad]

entration (ug/m?)
N N

o
awW

Burkina Faso, Mali, Niger, Chad:
average surface dust C, 2005-2010 Average surface dust C, MAM, 1979-2010
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SDS-WAS Implementation and Research
Issues

Global coordination of the regional SDS-WAS nodes

Pan-America node development and establishing the West Asian
sub-node

Model validation and intercomparisons

Better understanding and quantifying source regions and
effectiveness of possible interventions

Dust reanalysis

High-resolution dust modelling (1-3 km) T towards non-hydrostatic
and cloud-resolving scales

Observation network and NRT data access
Data assimilation

Dust interaction with radiation and clouds and impacts to weather
and climate => online coupled models

Chemical and physical characterization of dust and impacts
Health effects: Dust and meningitis & valley fever

Closer collaboration with UN programmes for SDS policies and
mitigations/adaptation/preventive measures

WMO, Atmospheric Research & Environment Branch, Research Dept.



WMO SDS-WAS: from Research to Operations

Meteorological
Organization

Research

Malng

518E08104 [BLBL Jadxg

Regional Specialized Meteorological Center with
activity specialization on Atmospheric Sand and S
Dust Forecast (RSMC-ASDF) (Barcelona DusSt  |commisonforatmosonerc sciences| commissionforgasic systems
Forecast Center) enables daily dust forecasts;
Operational from 2014

The Asian region is arranging such a center hosted
by China Meteorological Administration, Beijing TS

Regional/domains foperationabDSforecasts

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)

Run: 12h 28 MAR 2014 Valid: 12h 30 MAR 2014 (H+48) 60N i
= WMO SDS-WAS Asia/Central Pacific RC
. % = i SN 20000 Sangd and Dust Storm Forecasting (2013-02-28 03:00 UTC)
o ’ r -

Research

sjsesale) [EUspeJady
a4

NAMEE/Barcelona Center Asia Node/CMA Center)(test
http://eng.nmc.cn/sds_was.astan_rc http//eng.nmc.cn/sds_was.asian_rc
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SDS-WAS to address air quality and health impacts

Meteorological
Organization

-Addressed to solar power generation sector: to better assess investments in new
infrastructures by predicting impact of reduced radiation operational plants and to plan
maintenance and cleanup tasks.

-Addressed to fishery industry: to receive estimates of deposited dust as nutrient responsible
for increasing marine productivity in specific areas.

- Addressed to air quality agencies: reporting of PM10 episodes related to dust events.

1st Africa/Middle East Expert meeting and Workshop
on the health impact of airborne dust

Amman, Jordan, 2-5 November 2015

3 Y ﬁ' ) World Health
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Worid Regional Office for the Eastern Mediterranean Agrreis Fatatal e Miteonoigi
Meteorological

Organization



. Recommendationsrom GA@f<sSPS

A GCdzNIKSNJ STFF2NI & NBE NBEO2YYSYRSR G261 NJ
creating a Global Dustealth Early Warning
System, buildingonthe SBS { AYAUGALl GA OS¢
A & chelp further develop and implement this global
policy framework, consideration may be given to
the creation of a global SDS virtaaintreinvolving
SDSNAS and other UN Agencies, and interested
countries andorganisationswhich may includei)
a global scientific initiative, (ii) a platform for early
warning and resilience, and (ii) a global platform for
LI2f AO08 RAIFE23dz2S YR O22NRAYI A2V EED
A WMONhas already the SBSASSC foglobal
coordination, so it is reasonable not to duplicate
our work by a new center, but just to extend the
SDSNAS SC by involving representatives of other
UN Agencies (towards a joint project).
A WMO, UNEP and UNCCD have different
responsibilities in the SDS problem and can

perfectly complement each other if it will be well
coordinated and agreed.



