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GMeES

Observing our planet for a safer world

" MACC is a component of
Europe’s Global Monitoring for
Environment and Security
(GMES) initiative

which provides services for
atmosphere, land, ocean,
emergency response and
security
" The atmospheric programme
comprises

developing operational space-
based observation of
constituents (Sentinels)
strengthening the provision of in
Situ observations (GISC)
developing and operating
associated data and information
services (MACC, MACC-II)




( macc GMES Atmosphere

Services related to the chemical and particulate content of
the atmosphere

Weather services Climate forcing by
gases and aerosols

Long-range
pollutant transport
Atmospheric : :
: P tg| Provide data & European air quality
enVI!'onmen a information on
services Dust outbreaks

Solar energy

UV radiation
Environmental agencies




macc

Satellite data

Radiances and
retrieved products
from space
agencies and
collaborating
institutions

In situ data

From
environmental
agencies,

EU projects and
global networks

Otherdata
relating to
emissions

Project structure

Acquisition
of
observations
and pre-
processing

Estimates of
fireand
other
emissions

processing

Global

Regional

processing

Userinterfaceand
supplementary
services

Products

Global records of the
distributions, transport,
sources and sinks of
greenhouse and reactive
gases, and aerosols

Global forecasts of reactive
gases and aerosols

Detailed forecasts and
assessments of air quality
for Europe

Stratospheric ozone, UV
radiation and solar energy
records and forecasts

Support for policy and
downstream services
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macc Built on NWP

- Ensemble of
regional air-quality models
run on common domain

Global
IFS —

meteorology

radiation humidity

boundary
conditions

Global IFS |l@manddlS | Global oxidants Global
greenhouse IFS/CTM IFS
gases greenhouse reactive gases heterogeneous aerosols

gases chemistry and
optical properties

Global system is based on the ECMWF Integrated Forecasting System (IFS),
coupled to a global chemical transport model
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. Macc Global data assimilation

Based on the 4D-Var scheme of the IFS

CO,, CH, and aerosols are incorporated in the IFS

Data assimilation has been developed for AIRS and IASI radiances,
SCIAMACRHY retrievals, MODIS aerosol optical depth, ... GOSAT ...

[Oh 3h 6h Sh 12h
IFS also carries O;, CO, NO,, >
SO, and HCHO

Chemical production and loss come
from the coupled CTM

Data for assimilation come from GOME,
GOME-2, IASI, MIPAS, MLS, MOPITT,
OMI, SBUV/2, SCIAMACHY, ...

Chemistry modules are being built fully into IFS
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MaCC Fully integrated chemistry

Monitoring atmospheric
composition & climate
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Integrating the chemistry in the IFS
model instead of coupling with an off-
line CTM allows more efficient running
of the chemistry.
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Much higher resolution can be
achieved for the same cost.
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Also, data archiving and dissemination
can be harmonized.
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MaCC

Monitoring atmospheric
composition & climate

MACC PRODUCTS
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MaCC

Monitoring atmospheric
composition & climate

climate

Monitoring atmospheric
composition & climate

(mac (ames 7

Home =
Home
Mews | | IBCC - Monitoring Atmospheric Composition and Climate - = == = Latest News
About the Project is the current pre-operational atmospheric service of the !
European GMES programme. MACC provides data records on ! Pre-operational Ozone
cervies ' ! erification On-line

atmospheric composition for recent years, data for monitoring

[ AEERES present conditions and farecasts of the distribution of key

' Successful first MACC

DERMERES constituents for a few days ahead, MACC combines state- \hssembly
Events of-the-art atmospheric modelling with Earth observation data to
contact us provide infarmation services covering European Air Quality, Global Atmaspheric Composition,

e

climate, and UV and Solar Energy.
Reactive Gases Services by theme
Aerosals

European Air Quality

Uy Index

Global Atmospheric

Compasition UY and Solar Energy

European Air Quality Climate

Services by user

s

Health

Science

. Meteorolo
Community ¥

Citizen

Environment

MACC is a Callaborative Project (2009-2011) funded by the European Community under the 7th Framework Programme.
It is coordinated by the European Centre for Medium-Range Weather Forecasts and operated by a 45-member consortium,
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Search Content
HOME m ABOUT THE PROJECT m DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US _

Services by User

MACC Daily Service Provision

Monday 22 March 2010 00UTC GEMS-RAQ Forecast 14000 VT: Monday 22 March 2010 00UTC
Model: LOTOS-EUROS Height level: Suriace  Parameter: Nirogen Dioxide [ pg/m3]
0w 5w soc 10c 15 e 2

Air quality

100

er by Th
European Air Quality
Global Atmospheric
Composition
Climate forcing

UV and Solar Energy

m

Health Community
Environmental
Agencies

Science Community
Citizens
Meteoralogical
Institutes

Quick
GEMS &
PROMOTE &
GMES &

nks

Sunday 21 March 2010 00UTC MACC Forecast t4+066 VT: Tuesday 23 March 2010 18UTC

Global
Pollution st ey poree 721

we e aee @rE e

Biomass
burning

Aerosol *

Sunday 21 March 2010 00UTC MACC Forecast t+003 VT: Sunday 21 March 2010 03UTC
Total Aeresol Optical Depth at 550 nm

Tetal sky UV Index

UV index

. l
Sunday 21 March 2010 00UTC MACC Forecast t:012 VI Sunday 21 March 2010 12UTC
g 20w e

MACC Fire Intensity Products Wednesday 24 February 2010
Dally Average of Observed Fire Radlative Power [ mW/m2 ] max value = 0.10 W/m2
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MaCC Forecasting European Air Quality

Monitoring atmospheric
composition & climate

2-day nitrogen dioxide forecasts for 25 February 2010 from the MOCAGE regional model (left)
and the coarser-resolution global model (middle) validated with observations (right).

MACC provides forecasts of European air quality from
an ensemble of regional models. All forecasts are being
validated with observations from the various European

member states.
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Carbon monoxide plume from
East Asia reaching the Arctic
region for a proposed HIPPO
campaign flight (red line).

Workshop on Meteorological Operational Systems

Science Support

MACC provides support to
scientific aircraft observation

~ campaigns by forecasting

constituent concentrations

. around the proposed flight

track.

~ This way, scientists can

anticipate what they will likely
measure.




MaCC Dust forecasting

Monitoring atmospheric
composition & climate
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B B Law graphics  Help _ ,A B C N eWws video

N EWS [P LIVE BBC NEWS CHAMMEL News Home JustIn Australia World Business Entertainment Weather |

Dept admits error in air quality forecast

Posted 11 hours 54 minutes ago
Updated 11 hours 51 minutes ago

Fage last updated at 10:42 GMT, Wednesday, 23 Septermber

News Front Page

Desert dust storm chokes Sydney

The New South Wales Environment Audio: Fespiratory expert Dr Christine
Department has admitted its forecast for Jenkins speaks to ABC Local Radio (ABC
air quality in Sydney today was wildly Mews)

wrong after a dust storm prompted

hundreds of emergency calls due to

breathing difficulties.

Until this morning, the department's website was forecasting conditions would be good.

20090921 00UTC FC t+3 valid at 03UTC 20090921

T I Ny =R 3

q:\%@ - H i, E& |
. 0.8
0.5
04
035
Il W oo22/0054 SHARE =) M o3
025

Sydney's red dust has been blown from the outback
02
A large stretch of Australia's east coast, including the largest 0.15
city Sydney, has been shrouded in red dust blown in from the ol
desert outback.

005

Yisibility in Sydney was so bad that flights were diverted and harbour MACC dust ael;OSOI Opti-cai depth
ferry traffic disrupted.



Queensland

New South

Wales

Jeff Schmaltz, NASA

250 km
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Australian dust storm

Dust aerosol optical depth
00UTC 23 September

3-day forecast

IS et o

2-day forecast o

e

1-day forecast
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0.35

0.3
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0.2

0.15

0.1

0.05

Dust-band is
consistently located
in successive
forecasts, but
intensity is lower at
longer ranges

Underestimation of
dust in background
forecast is
corrected by
assimilating MODIS
and other data

Possible factors:

parameterization of
dust mobilization or
sedimentation

resolution of global
system (~125km grid)

soil moisture analysis

aerosol retrieval over
bright surfaces



MACC Forecasting desert dust events

Monitoring atmospheric
composition & climate

MACC successfully forecasted high desert dust
aerosol loads over the Mediterranean 2 days ahead

of time.

MACC’s desert dust warning index will be a helpful
tool for forecast and health authorities.

(Imag?E Je Schmaltz 3 . \s
Rapld nse eam NASA )
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MaCC 2010 fires over Russia

Monitoring atmospheric
composition & climate

Fire Radiative Power (Wm-2) from SEVIRI and MODIS

_ 2m temperature anomaly (C) for July 2010

2010072603
PM10 (pglm3) Virolahti, Finland Aerosol optical depth due to black carbon and organic matter
120 :
2 <— Observed :
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60 (3h-24h forecasts)
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Kaiser et al. (2011)



MaCC 2010 fires over Russia

Monitoring atmospheric
composition & climate

MOPITT : | Analysis without CO assimilation -

s

L d i 1-“ 2.0
| N 1 e o 1.8

Analysis with CO assimilation

CO (10" molec/cm?)
Averaged from 1-17 August 2010

] ALe ;s
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MaCC

Monitoring atmospheric
composition & climate

MACC Visibility fimg 1:51 VT: 2006-03-01 12UTC
SYNOP observations + forecast surface visibility [ km ]
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OSLO-BLINDERN NO (60.0,10.7) visibility March-May 2006
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Visibility forecast

Forecast of
visibility is a
new MACC
product that is
currently being
tested against
observations.
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Visibility is a function of aerosol optical

* obs
Ul —=—  fim850 me=27.7 ms=35,1

—  fimg 51 me=2.7 rms=19.0
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depth, humidity, and cloud liquid water. o
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MaCC

Monitoring atmospheric
composition & climate

DATA PROVISION
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MacCC Web plots

Monitoring atmospheric
composition & climate

Monitoring atmospher
mac Monitoring atmospheric @\mes - |:|
composition & climate = =
HOME m ABOUT THE PROJECT m DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US _

Home =
Home Services by Them
News | | IECC - Monitaring Atmospheric Composition and Climate - == ==~ Catestiews -1 European Air Quality
About the Project is the current pre-operational atmospheric service of the B ' Global Atmospheric
! 1 Pre-operational Ozone 1
Services European GMES programme, MACC provides data records on g 1 Composition
Data Access atmospheric composition for recent years, data for monitaring - -
present conditions and farecasts of the distribution of key Monitoring atmospheric composition & climate
EOCOMENt) constituents for a few days ahead. MACC combines state-
Events of-the-art atmospheric modelling with Earth observation data to Monitoring atmospheric METEO
Contact us provide information services covering European Air Quality, Globz I I Iac TR SaERlE climate FRANCE

Today's Forecasts Climate, and U and Solar Energy

Reactive Gases Services by theme m NEWS | ABOUT THE PROJECT [Rj=idii{eis] DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US -

Aerosols
European &ir Quality
U Index

Heme = Services > RegiensldiQuality >

Regional Air Quality

Monitoring atmospheri

composition & climate

:
Ensemble Analysis and Forecasts Monitoring atmospheric # e
( l I Iac composition & climate @m ? o [KNMI

aeronomie.be

mm ABOUT THE PROJECT [BEIiVil95-0 DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US -

Home > Services > OzonelayerandUV > Ozone layer

Global Atmospheric

European Air Quality Composition

Climate

Services by user

[/ z | I Stratospheri . .
x ﬂ ,,hl'""m"'““ semice’ € O%9M%  MACC stratospheric ozone service
fast updace 3010 17 5 ¢ T T
LATEST (] () (=)
Science

Health Environment Cip oo

NRT products

[ ™ Moreinfo | Most recent guick-looks for O3 at 50 hPa

MACC is 3 Collaborative Project (2009-2011) funded by the European Comi
It is coordinated by the European Centre for Medium-Range Weather Foreca t

cEIIm:S+II=mElIlISEE,

BASCOE IFS-MOZART SACADA

e s s

Individual Forecasts

'The maps provided are experimental and representative for large
air pollution. L T — - A
tThus, in order to know the precise situation in your area, please r 29-0ct-201100:00 80-Oct-2011 18:00

27-Cet 2011 12:00

Context and content of this MACC service

The @MACC project (Monitoring Atmospheric Composition and Climate) provides the pre-operational atmospheric environmental
service of @GMES. It is operating and improving the data analysis and modelling systems for a number of atmospheric trace

gases, among which 03, NO2, €0, 502 and formaldehyde. It is funded under the é7th Framework Programme of the European
Union.

Web server distributed over MACC partners,

1. The quasi-operational stream includes vertically resolved gridded fields and total ozone columns from analyses by the
4D-Var models IFS-MACC, BASCOE, and SACADA, as well as total ozone columns frem the Kalman-filter model TM3DAM. The

b ut m ostly based o n existi n g NWP S oftwa re g:g’s\;g?:;aet:azz stream additionally providas L2 03 data from OMI, SCIAMACHY, and GOME-2, In continuation of the

2. The historic data records comprise both total czone columns from long-term reanalyses starting in 1978 based on
multiple instruments via the TM3DAM approach and 3D gridded fields and total ozone columns from the three above-
mentioned 4Dar models.
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Monitoring atmospheric
composition & climate

Monday 31 October 2011 00UTC MACC Forecast t+036 VT: Tuesday 1 November 2011 12UTC

Total sky UV Index

160°W  140°W  120°W  100°W  80°W  B0'W  40°W  20°W 0
T T

60°E  BO'E_ 100°E_ 120°E  140°E_ 160°E
T

go3 [Dobsan Units] by EChiWF

O3

in: 126 IFS HOZART_MRT

29-0ct-2011 00:00

Wt 794

140°E

Sunday 30 October 2011 00UTC MACC Forecast t+048 VT: Tuesday 01 November 2011 00UTC

Surface NRT Biomass-Burning Carbon Monoxide Tracer

Forecast examples

Sunday 30 October 2011 00UTC MACC Forecast t+048 VT: Tuesday 1 November 2011 00UTC
Dust Aerosols Optical Depth at 550 nm
180TW T40TW 120°W 100°W  BO'W  60'W  40'W
| ! 1 T H

I Dust 1

160°W 140°W 120°W

00W BOW  6O'W  40'W  20°W 0 20°E  40°E  B0E  B0'E  100°E 120°E 140°E 160°E

Sunday 30 October 2011 00UTC MACC Forecast t+048 VT: Tuesday 1 November 2011 00UTC
Biomass Burning Aerosols Optical Depth at 550 nm

10W 140°W 120°W  100°W  BO'W  GO°W  40°W  20°W  0°  20°E  40'E  G0°E  B0°E_ 100°E 120°E  140'E  160°E

.. Biomass burning =

20N

1024 o e
512

256 oow sow sow dow 2w

o

2°E #0'E  6'E BO'E  100°E 120°E  140°E 160°E

805
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MacCC Monitoring/verification

Monitoring atmospheric
composition & climate
MACC IFS/MOZ AN GAW intercomparison Mt Cimone Ozone October 2011
f93i (DA): AURA_OMI_GEMS_Ozone GLOBE Used data 100 bias [ppb] DO: 0.3 D1: -0.1 D2: -0.1 D3: -0.0 MNbias [%] D0: 1 D1: 1D2: 1D3: 1
St. dev. and bias (undef) OB-FG (red) OB-AN (blue) BIASCOR (mean)-2.68

90

) : 7 3 1§ ivedonize ] 5 7 T aretezozze’ & 7 7 .

NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP ocT '8. 504

2010 2011 o

93i (DA): AURA_OMI_GEMS_Ozone GLOBE Used data

Daily used observations (green) 4 days MA (black)
20000
o000 I MR SRALL L bl 1) ‘ I AL
16000 il omee | ‘
14000 - | .
12000 f ‘ ‘ ' ‘ 20
oo ! . B
8000 !
6000 ' 104
4000 * OBS — D+0 — D41 — D42 — D43
2000 0 T 1 - r —r— r

SATSUNONTUBNEDTHUFRISATS UMONTUBNE DT HUFRI SATSUMONTUBWE DTHU FRI SATS UMMONT UBNEDTHU FRI SATSUMMON

'Nov BEC Jan Fep’ VAR pR T Y Jun' R L ag T g oeT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

s 2219, w2011 CECMWE
Comparison of model (fh9z) and MODIS AOT at 550nm and L1.5 Aeronet AOT at 500nm over
Alta_Floresta (9.87°S, 56.1°W). Model: 00UT, 1-31 Oct 2011, T+3 to T+24.
. 1 AOT MODIS AOT Total FG AOT Sulphat Dust Qrganic Matter Black Carbon

Input data is monitored =
and output data is
continuously checked
against independent
observations.

P —— P f—— T
2 3 4 5 & T 8 8 10 11 42 13 14 15 48 17 18 19 20 21 22 2 24 25 26 T 28 20 W M 1
100 NOV
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MacCC Boundary condition server

Monitoring atmospheric
composition & climate

T-n http:fimacc.icg. kfa-juelich. de: 50080 workspace

Google

Monitoring atmospheric composition & climate
mac Monitering atmospheric @;.nes ?
composition & climate -
mm ABOUT THE PROJECT P{SiY[eS8 DATA PRODUCTS | DO NTS | EVENTS | CONTACT US

Home = Services = MACC global boundaries for regional air quality models

¥) JULICH

FORSCHURNGSZENTRUM

P Start |b Data services |>About this service | Contact

P Imprint ‘ | H Login |

Workspace {(under construction)

Longitude {*) Latitude (*) Time Size
End B. End ¥ar (MByte)

08/06/2011 0.25 359.75 -89.75 89.75 D02/06/2011 02/06/2011 E
09:15:55 12:00:00 12:00:00

EF il roos] P

08/06/2011 0,25 25¢
09:15:54

]

© GFasvl 20110604 08/06/2011 0,25 35¢
st 1.0 09:15:12

- select - A | | Identifier | select all: [

MACC is a Collaborative Project (2002-2011) funded by the Ew
It is coordinated by the European Centre for Medium-Range \Weath

cEIIImE+1Im=E]]11]

A WCS web server hosted !
in Juelich provides data and
plots from the global MACC G |—r|

forecasts. T CTOR/EON 000

op on Meteo —CECMWF - _Z
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SCECMWF

MACC Reanalysis data server

Home Your Room Login Contact Feedback Site Map Search::]

) 7y AboutUs Products Services Research Publications
’:“" & Owerview Forecasts Computing Modelling M ewsletters
N Ll .-,.' 2 ' Getting here Order Data Archive Reanalysis Manuals
iah, medfum and low Sl et (o mittees Order Software PreplFS Seasonal Library

Type of level
Model levels

Pressure levels

Surface

Personal

Your Requests

MACC Re-analysis »
MACC Re-analysis

Nofe:In order to retrieve data from this server, you first have to accept the condi

Select date
® Select a dafe range between 2003-01-01 and 2009-12-31:

Start date: | 2003-01-01 | End date: |2009-12-31

Data users

Data usage O Select a list of month:
Conditions

Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
See also... ] D000 O0DO0ODODODDOCOD=d ] 00 O0OOO0O0O0OOAO
Data FAG 28 0 00 0000000002000 000000000O0
Data Servers 207 0 0 00 0D DODOOOD=wesD 0000000 00O00O00O
Data Services 20 0 000 0O0O0O00O00OOAO
GRIB decoder Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Workshop on Meteorological Operational Systems 24 _WECM u u F

Select All or Clear

Select Time

[T 00:00:00 [ 08:00:00 [ | 12:00:00 [ | 18:00:00

Select All or Clear
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MacCC User examples

Monitoring atmospheric
composition & climate

Al @ S 3’2‘5} gé ;QME'}f J

Landesamt fiir Matur,
Umwelt und Verbraucherschutz
Mordrhein-Westfalen

obsliiive

o GNET projact GURmE
GeoModel

SOLAR =%

m Norsk institutt for luftforskning My(l1 ’ r

MNorwegian Institute for Air Research Posodoble
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MacCC User examples

Monitoring atmospheric
composition & climate
WHMO SD5-WAS M Africa-Middle East-Europe RC
MACC-ECMWF Dust AQOD
Run: 00h 04 APR 2011 Walid: 12h 04 APR 2011 (H+12)
= = L T
6.4
3.2
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Dates in 2010
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MacC Data dissemination

MARS and ECFS access for member states and
MACC partners

FTP server for daily forecasts on model grid
Boundary condition WCS server

ECMWEF data server for Reanalysis

Daily provision of many web plots

Many users are not used to GRIB format
NetCDF format
Support with GRIB decoding
New ways...?

Workshop on Meteorological Operational Systems _WECMWF




MacCcC Concluding remarks

Monitoring atmospheric

composition & climate

Deforestation fire, Brazil (M. O. Andreae)



