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Overview of the Structure of GAW

 More than 100 countries have registemsaf e than 800 stations with the
GAW Station Information SystenGAW SIS). Established 26 years ago.

o VariousGAW expert groups and central facilities exist under the oversight
the WMO Commission for Atmospheric Sciences (CAS) s Environment:
Pollution and Atmospheric Chemistry Scientific Steg Committee (EPAC
SSO).

o 8 Scientific Advisory Groups (SAGS) to organise and co-ordinate GAW
activities by parameter and application, and thpeEixTeam on World Data
Centres (ET-WDC).

* 4 Quality Assurance/Science Activity Centres (QA/SABerform network-
wide data quality and science-related functions.

« 35 Central Calibration Laboratories (CCLs) and \Wanhd Regional
Calibration Centres (WCCs, RCCs) maintain calibration standards and
provide instrument calibrations atdhining to the stations.

[ ° 6 World Data Centres archive the observational data and metadata, warieech
integrated by the GAW Station Information SystemA\{E51S).

« GAW Training (GAWTEC): More than 270 persons trained from 58ntoas




GAW stations network t‘u;,
Versatile station information is available through the GAW Station GAW
Information System GAWSIS ( ).
90

60 —

_ Latitude (N)
= =
| ]

w
o
|

Global )

| a Regional
11 = Contributing

-90 T T I T T 'I T T ] T T ] T T I T T T T I T T l T T l T T I T T l T T
-180 -150 120 90 60 -30 0 30 60 90 120 150 180
Longitude (E)

Aircraft and satellite measurements also contribute to the observations




AREP

2" GAW Aerosol Variables - Continuous

e Column and profile

— Multi-wavelength aerosol optical depth (AOD)

— Vertical distribution of aerosol backscattering and extinction
e Chemical (in two size fractions)

— Mass and major chemical components

e Optical coefficients at various wavelengths
— Light scattering and hemispheric backscattering

— Light absorption

e Physical

— Number size distribution and total concentration

— Cloud condensation nuclei number concentration at various
super-saturations

Aerosol SAG Chair: Paolo Laj, CNRS, France
Page 5




The World Data Center * ! i 5 4 ‘h‘-: :
for Remote Sensing of the Atmosphere ':(' T

World Data Center for Remote Sensing of the Atmosphere
Satellite “one stop shop” for aerosols
- Support easier access to satellite datasets by the GAW community

- Promote GAW datasets for satellite product validation

Support from WDC-RSAT for WMO-GAW

- Link different GAW-relevant data sets with each other and with models
- Cooperate with other international actors on interoperability (NASA, CNES)
- Assign ‘Digital Object Identifiers’ (DOI) to data sets

- Develop techniques to provide stations with satellite-based data and
information products

- Develop computing-on-demand applications

- Develop and test strategies and techniques to validate satellite data sets

wdc

it
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Il for remote sensing

Satellite VUl
community «— product overview —— community PP

Deutsches Zentrum
Vot il s http://Wdc.dIr.de/data_products/AERO_
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ot GAW Aerosol Lidar Observation Network

GALION is organized as a Network of Networks, coordinating

- American Lidar Network (ALINE/LALINET), Latin America ( )

- Asian Dust and Aerosol Lidar Observation Network (AD-Net), East Asia (@)

- CIS-LINET, Commonwealth of Independent States (Belarus, Russia and Kyrgyz Republic) Lidar NETwork (@)
- Canadian Operational Research Aerosol Lidar Network (CORALNet), Canada (@)

- European Aerosol Research Lidar NETwork (EARLINET), Europe (@)

- Network for the Detection of Atmospheric Composition Change (NDACC), Global Stratosphere (O)

- CREST, Eastern North America (@)

- MicroPulse Lidar NETwork (MPLNET), Global (©)

Applications

- Climate research and
assessment

- Impact on radiation

- Air quality

270°

- Plumes from special events

- Support for spaceborne
observations

o 180°

GALION Co-chairs: Gelsomina Pappalardo, CNR & Ellsworth Judd Welton, NASA




GALION

GAWSIS — Metadata Integration for WIS (WMO Information System)

WHMO Global Atmosphere Watch )
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20 30 40

EARLINE

60°

50°

(European Aerosol Research Lidar NETwork )

www.earlinet.org

e Since 2000

e 27 lidar stations

-17 multiwavelength Raman lidar
stations

-6 Raman lidar stations

- 4 single backscatter lidar stations

e cOmprehensive, quantitative, and
statistically significant data base

- o Continental and long-term scale

ACTRIS ﬂ?; < ACTRIS
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" GALION Observations of Volcanic Aerosol

3
$
: Potenza, 24 Jun
o [l merimsg |

Granada, 26 Jun
Athens, 23 Jun

i
R 15-L7 ki F- :
r x

15.5-17.5 km '{':'*'? 1

Peal: 16-19km

Mlsabae 25-29 1l ! Nabro volcanic eruption
| 2000 km ' Africa, June 2011

me - Goggle - Immaaini 20
oMM Sawamura et al., ERL 2012




EARLINET

Volcanic eruptions

- Measurements based on alerting system
Monitored eruptions:

Etna 2001

Etna 2002

North Pacific ring (2008-2010)

Eyjafjallajokull 2010

Grimsvotn 2011 ~

Nabro 2011

NN AN/ R A

Relational database about identified
volcanic layers Is freely available at:

www.earlinet.org

Pappalardo et al., ACP 2013

Courtesy of Gelsomina Pappalardo




EARLINET for E15: NRT quicklook

Quicklooks of frequently updated* EARLINET (other) lidars and online ceilometers (clickable map)

Notes EARLIMET stations in small aray letters do not provide regolarly updated guicklook web pages. But some do provide gquicklooks for certain apizodes hke wolcano activity

Linkz tospch web pages falso from non-EARLINET idars) sre heted below. More information abo

1064 nm RC Signal on 20100416
13:47 - 15:32 UTC Res.: 60m- 30s

Height a.g., km

13:47 14:08 14:29 14:50 15:11
Time, UTC

RCSignal I .

15.00 16.70 18.40 20.10 21.80 23.50

Tito(Pz) 20,04
Range Corrected Signal & 1064 nm Analog

00:00 03:00 05:00
Time (UTC)

Time UT

Quicklook made available almost in near real time o n the EARLINET website

P

Courtesy of Gelsomina Pappalardo




AREP Volcanic mask

GAW

A methodology for volcanic mask has been developed (Mona et al, ACP 2012)

This methodology has been applied to the whole netw ork (Pappalardo et al.,

' ACP 2013)
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Ceilometer network —
www.dwd.de/ceillomap
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The way forward

Operational ground-based lidar networks are a fundamental component
of an integrated observing system to be used in case of natura | hazards

GALION/EARLINET stations could be used as “core sites” for th e
operational networks based on less advanced lidar instrume nts
(including ceilometers).

For a better harmonization, a coalition of research and an
operational/regulatory observational system is needed.

At European scale EARLINET is cooperating with other RIs and Met
Services (EUMETNET).

Relevant role for model evaluation and data assimilation (i ncluding
support to VAAC) and for the improvement of satellite retrie vals

GALION, the GAW Aerosol Lidar Observation Network, at global scale:
federated approach (improve interoperability among the co ntributing
lidar networks in terms of data QA and data access).

/CF'T\ Courtesy of Gelsomina Pappalardo




WMO feasibility study toward a WMO intercomparison
of volcanic ash observation tools

* In December 2014, the 13th meeting of the WMO-CIMO
management group has nominated Météo-France in conducting a
feasibility study about an inter-comparison of instruments for the
detection of aerosols and volcanic ash.

 The management group and task team are established.

* This was initially focused on lidars and ceilometers. Since WMO-
CIMO requested a widening of the scope: Space-based systems
and in-situ measurements

« May 2016, WMO, Geneva: A meeting is arranged as a face-to-face
and supplemented by webconf

* The goals will be to discuss about progress, difficulties and specific
iIssues and to discuss further the issues

* The deliverable of the Task Team is the feasibility study requested
by WMO-CIMO based on the LET report and on other documents
(and) covering the perimeter required.

(@

Courtesy of Florence Besson and Pablo Ristori FRANCE



Integrated Global Aerosol Observing System
Global Products

SATELLITE COMPOSITE of ACD
-

Rl for

Calibration Data Archival and/or Access

Facilities

&
Quality Assurance \ {99 ¥DCALNDERSAT)

Real-Time Data Delivery Reanalysis

Satellites:
MODIS, CALIPSO, MISRMSG

Aircraft: IAGOS Data Assimilation
By Forecast Models

Surface-based : (e.g. MACC;

Remote sensing: AOD SDS-WAS etc.)

Remote Sensing: GALION

In situ: PM, optical, etc

In situ: chemistry Observation
Optimization

Data Uses/Applications

Air Quality Warnings

WMO SDS-WAS Assessments
WMO SDS-WAS Warnings
Aerosol Bulletins

Surface and air transport
Improved Weather Forecasts
Improved Climate Prediction

Sl SRR

Air/Surface Exchange & Emissions

GAW Report No. 207



Sand and Dust Storm Warning Advisory
and Assessment System (SDS-WAS)

FKuwait 2008/06/16 ﬁ"“

Objectives:

To enhance the ability of countries to deliver:
= timely and quality forecasts of sand and dust storms,
= observations of aerosols: sand and dust
= information and knowledge to users

through
an international partnership of research and operational
experts and users

Courtesy of Drs. Al-Maskari and Albadi, Oman Met. Service

yBrclrs st o Contr Global Coordination : Three Regional Nodes (North
i A e AT ) Africa, Europe and Middle East Node, (East) Asian Node
; =y and Pan-American Node) need global coordination to
exchange information and enhance collaboration. The West

Asian Node will also be established in near future.

60°N

50°N

30°N

First Operation Centre opened in Spain:  The
Barcelona Dust Forecast Centre was inaugurated in 2014.

20°N

I
10°N

Trust fund : to ensure the global coordination activity on
SDS-WAS.




AREP

ar Recommendation from Satellite Research Community

WORLD METEOROLOGICAL ORGANIZATION

VAACs, VOs, and the remote

sensing research community are

encoura g Ed to fO rm Co I I d bO ra t|Ve COMMISSION FOR BASIC SYSTEMS

| | N kS fo r tra | N | N g an d OPEN PROGRAMME AREA GROUP ON INTEGRATED OBSERVING SYSTEMS

i nte rp retat| on Of events. INTER-PROGRAMME EXPERT TEAM ON SATELLITE UTILIZATION AND PRODUCTS

e The volcano ash community is | | | | |
encouraged t() formulate Meeting on the Intercomparlson;éiﬁtﬁ*ge-basedVolcanlc Ash Retrieval
requirements (parameters, data Madison W usA
formats, latency, possibly sites) mom
to the GALION (WMO Global
Atmosphere Watch Lidar
Observation Network) and the
ground-based aerosol network
should also be considered.

e The providers of volcanic ash
detection and retrieval products
should liaise with data
assimilation centres to foster
modelling and forecasting

" capabilities.

SCOPE-Nowcasting Pilot Project 2 : Globally consistent Volcanic Ash Products

FINAL REPORT
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28 GAW SAG on NRT Modelling Applications

e SAG will contribute to enhancing exchanges between the GAW
community and different end-user and modeling communities requested
atmospheric composition data, especially for near-real-time data
applications on regional to global scales.

Science Advisory Group members;  Alexander Baklanov - WMO Secretariat
Vincent-Henri Peuch, co-chair, ECMWHF,gpPresentative

UK o
Frank Dentener, co-chair, JRC, HTAP, Ex—offlcmfr_om other SAGS:_ |
Italy Greg Carmichael, lowa Uni, USA — Chair
Arlindo Da Silva , NASA, USA GAW SSC _
Georg Grell, NOAA, USA Angela Benedetti, ECMWF — SDS-WAS
MathewHtwti Met Office, UK Gelsomina Pappalardo, Italy - Aerosol
Michaela Hegglin, UniReading, UK SAG _
Michail Sofiev, FMI, Finland Johannes Kaiser, MPIC, Germany - IBBI
Paul Makar, ECCC, Canada Veronique Boucher, ECCC, Canada -

........................... Taichu Tanaka, Japan, ICAP GURME SAG

Zhou Chunhong, CMA, China Valerie Thouret, France - GHG




Research experience in VA modeling and DA

e ECMWF Atmosphere Copernicus Service — global
forecast and DA

e WRF/Chem community — NOAA, NCAR, etc.

e Japan, China, Canada, Finland, France, UK, .... —
DA for VA and other aerosols

e Experience from SDS-WAS: sand and dust storms
advance modelling and DA

e What the research community can help for
VAACs? A dialog is needed.

22



. GAW M odelling SAG tasksfor VA prediction

e Analysis of new scientific achievements and
recommendations for VA models improvements

e NRT availability and use of GAW and other
available observation data for VA modelling (Lidars,
ceilometers, satellite, aercraft, in-situ,..)

e Models evaluation and inversion methods for
source-term estimation

e Data assimilation for volcanic plume transport
modelling and prediction (VA, SO2, ..)

e Linkage of the satellite and modelling research
communities for VA satellite retrivals use in VA
modelling

e Collaboration with VASAG/VAACs, CIMO team iz
2 needed e




Inversion

Metofice Making model = Observations (sort of)

Model predicts observations Observational Data
as function of e: o, (e)\ (satellite column loads)
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Changing size distribution

Met Office

Uncertainty

Representation

Courtesy of Matthew Hort, UKMO

Satellite cloud-free areas and

n
Volcanic ash total column mass (VAAC thresholds)
from 0500 13/05/2010 until 0600 13/05/2010
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% FINNISH METEORQLOGICAL INSTITUTE
Data assimilation for
predicting a volcanic tracer

e How to combine 2D map of column density
retrievals of SO2 with transport modelling to obtain
a realistic 3D prediction of a volcanic plume

e Can we do this without inverse modelling of the
source term - instead, by continuously updating
the prediction with observations?

e Can we provide error estimates accounting for both
model and observation errors?

e Application to the Kasatochi SO2 release during 2
weeks following the eruption on 7-8 August 2008

Courtesy of JuliusVira, Nicolas Theys and Mikhail Sofiev



% FINNISH METEORQLOGICAL INSTITUTE

Ensemble assimilation for
tracking a volcanic tracer

| | SILAM
Meteorological perturbations: EnKF CTM

time shifts with o = 3h i ¢

|—> Ensemble of Analysis
> y > Forecast

I—) plumes ensemble ensemble

Stochgstic OMI SO2
volcanic
eruptions

Courtesy of JuliusVira, Nicolas Theys and Mikhail Sofiev



% FINNISH METEORQLOGICAL INSTITUTE

Single member Ensemble mean Ensemble standard deviation

ECMWEF oper meteo data
BIRA OMI| SO2 product 0 4 8 12 16 20 24 28 32 36 40

Courtesy of JuliusVira, Nicolas Theys and Mikhail Sofiev

DU



@ FINNISH METEORQLOGICAL INSTITUTE

Aged plume vs observation, DU

Valid time: 2008-08-16 01:10:00
0 -

=
-

SILAM
analysis

502 _MEAN, DU, 2008081618
- - 77

Courtesy of JuliusVira, Nicolas Theys and Mikhail Sofiev
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FINNISH METEOQROLOGICAL INSTITUTE

Vertical distribution:
CALIOP Lidar data

CALIOP total attenuated backscatter at 532 nm - 08/08/2008 14:10 100.0
5 Contours: SILAM SO2, ug m?, levels: 70.0 350.0 700.0
Probably regular
clouds
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Volcanic Ash Modelling At Environment
Canada and Climate Change

* What ECCC currently does operationally for Volcanic Ash
— Canadian Meteorological Centre is a Volcanic Ash Advisory Centre

— LaGrangian dispersion model results are evaluated against, and
calibrated with, available satellite data.

— Simplified model output and interpretive text are posted to webpage
(http://weather.gc.ca/eer/vaac/index_e.html).
* What ECCC is currently doing with regards to satellite data
and assimilation of AQ variables (research)
— Chemical Data Assimilation Group and Satellite Retrieval Group

— Column O, assimilation currently being tested (with Trop/Strat
capability)
Aim: improve surface O5 and UV forecasts
— Next goal likely NO,,

— Satellite AOD data are being explored to see the extent to which

they might help the PM, . forecast.
Courtesy of Paul Makar, ECCC




Volcanic Ash Modelling At Environment
Canada and Climate Change

* What we could be doing, if we had the right input data:

* Something similar to the Fireworks version of GEM-MACH

— Fireworks: a parallel forecast of GEM-MACH which uses satellite
data to estimate forest fire emissions and plume rise.

* We could do a parallel GEM-MACH forecast, which makes
use of volcanic ash data from real-time satellite retrievals.

* This simulation could be run in feedback mode to forecast
changes in the weather resulting from volcanic ash.

Data needs: real time estimates of:
— Mass of ash emitted, plume height

— Estimates of the optical properties of the ash (either from retrievals
or previous ground-based observations, in a database for each
volcano).

Courtesy of Paul Makar, ECCC
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Thank you for your attention

GAW and WWRP publications available from:

and




