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GMES Atmosphere Component Service

m Part of Europe’s Global Monitoring for Environment and Security

initiative
e development of operational space-based observation

e strengthening of complementary in-situ observing systems

e development and operation of associated data and information services,
based on core integrated assimilation and forecasting

= Three environmental services for Land, Ocean and Atmosphere

m A 48-partner EC-funded project called MACC: l I Iacc

e provides pilot GMES Atmosphere Component Service
e succeeds earlier projects GEMS and PROMOTE
e coordinated by ECMWF
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MACC data use & modelling
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Comparison of GEMS simulated and analysed aerosol optical
depth with MODIS and MISR for July 2003

Aerosol Optical Depth at 550 nm from Unconstrained Model Run MISR Terra Aerosol Optical Depth at 557.5 nm [unitless]
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Instrument Satellite Provider ersion pecies Type Pe¢riod Status
GOME ERS-2 RAL 03 Profiles 20030101- Active
20030531
MIPAS Envisat ESA 03 Profiles 20030127- Active
20040326
MLS AURA NASA V02 03 Profiles 20040808 - Active
OMI AURA NASA V003 03 Total column 20041001 - Active
SBUV NOAA-16 NOAA V8 03 6 layer profiles 20040101 - Active
SBUV NOAA-17 NOAA V8 03 6 layer profiles 20030101 - Active
SBUV NOAA-18 NOAA V8 03 6 layer profiles 20050604 - Active
SCIAMACHY Envisat KNMI 03 Total column 20030101 - Active
GOME-2 METOP EUMETSAT 03 Total column/profile 20070101 - Passive
MOPITT TERRA NCAR V4 (6{0) Total column 20030101 - Active
IASI METOP LATMOS (6{0) Total column 20070101 - Active
OMI AURA KNMI Col. 3 NO2 Tropospheric column 20041001 - Passive
SCIAMACHY Envisat KNMI V1.1 NO2 Tropospheric column 20030101 - Active
OMI AURA NASA V003 S0O2 Total column 20040817 - Passive
SCIAMACHY Envisat BIRA S0O2 Total column 20040104 - Passive
OMI AURA NASA V003 HCHO Total column 20040827 - Passive
SCIAMACHY Envisat BIRA V2 HCHO Total column 20030101 - Passive
MODIS AQUA NASA AOD Total column 20030101 - Active
MODIS TERRA NASA AOD Total column 20030101 - Active
SCIAMACHY ENVISAT SRON CH4 Total column 20030101 - Active
TANSO GOSAT JAXA CH4 Total column 20090601 - Passive
AIRS AQUA NASA CcO2 Radiances 20030101 - Active
IASI METOP EUMETSAT CO2 Radiances 20070101 - Active
TANSO GOSAT JAXA CO2 Total column 20090601 - Passive




3-day European Air Quality Forecast: NO2
(single member of the ensemble shown)

Friday 11 January 2008 00OUTC GEMS-RAQ Forecast t+000 VT: Friday 11 January 2008 00UTC
Model: MOCAGE Height level: Surface Parameter: Nitrogen dioxide [ pg/m3 ]
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Modelled AOD of Greek Fire Plumes, August 2007

e *& Emissions calculated from Fire Radiative
I;.' £ Power observed by SEVIRI on Meteosat.
‘' Emission factors from Andreae & Merlet
2001 and Ichoku & Kaufman 2005.
0.7 °
% Run at 25km global resolution, whichis
‘00 Ié’ typical for regional models.
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Bottom-Up Estimation of Fire Emissions

promising best accuracy: MACC real time

sat. obs. — yf\ ~ const. land_cover map <_|

E. =|BA x AFL x CC|xEF, “key uncertainty”
! < (Reid et al. 2009)

<«

most established, in particular GFED (van der Werf et al. 2006): MACC retrospective

& Crutzen 1980)

Ei = emission of species | [kg(species )] .
BA = burnt area [m2] 4
AFL = available fuel load [kg(biomass) / m2] %

CC = combustion completeness [kg(burnt fuel) / kg
(available fuel)]

EFi = emission factor for species i [kg(species i) /
kg(biomass)]

FRP = fire radiative power [W]
FRE = fire radiative energy [J] = f FRP(t) dt
01 2 3 4 5 6 7 8 9 10 11 12

CF = conversion factor [kg(biomass) / W(FRE)] i W B )
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GFED3 DM (Tg DM month-1)

Conversion Factor Validation against GFEDv3
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Global Fire Assimilation System (GFASvO0)

m real-time production of fire emissions
e using FRP = 0 observation by MODIS & SEVIRI
m list of species:
C, TPM, PM2.5, BC, OC, CO2, CH4, CO, SO2, NOx, NMHC
m used in MACC NRT production system: aerosols & greenhouse gases

MACC Daily Fire Products Tuesday 1 September 2009 & campaign support (CO)
Average of Observed Fire Radiative Power Areal Density [mW/m2] max value = 0.22 W/m2
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m observation gap filling with

data assimilation
m land-cover specific FRP conversion
m 0.5 deg resolution u
m GOES observations # observations on 1 Oct 10 v GOES West Imager
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Fires Diurnal Cycle in Americas
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GOES vs. MODIS Grid Based FRP Comparison
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More “NRT” FRP and AOD

MACC Daily Fire Products Monday 21 September 2009 sducts Tuesday 21 September 2010

Average of Observed Fire Radiative Power Areal Density [mW/m2] max value = 0.07 W/m2 d Fire Radiative Power Areal Density [mW/m2] max value = 0.31 W/m2
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Comparison of model (f93i) and MODIS AOT at 550nm and L1.5 Aeronet AOT at 500nm over Comparison of model (f93i) and MODIS AOT at 550nm and L1.5 Aeronet AOT at 500nm over
Ji_ F'arana SE (10.93°S, 62.85°W). Model: UOUT, 1-30 Sep 2009, T+3 to T+24. Ji_| Parana SE (10 93°5, 61.85°W). Model: 00UT, 1-30 Sep 2010, T+3 to T+24.
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SH Amerlcan fire activity strongly enhanced in 2010

(smoke) aerosols enhanced by factor ~3
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Fog from peat fires blankets Moscow amid
heat wave

An acrid fog from forest and peat fires has
blanketed Moscow, as the Russian capital
swelters in arecord heat wave.

Firefighters were trying to douse 60 fires
covering 59 hectares (145 acres) in the
countryside outside Moscow on Monday, the
emergencies ministry said.

The daily jump in the modeled smoke
e e Parlctes 1S clsed i o boking Mossow distribution is due to the assimilation of
satellite information on the fires

People with bronchial prodlems were advised to : -
stay indaars as the level of toxic particles inthe e <remlin was barely visible 2s @ pungent fog
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Russian Smoke Plume in Finland well Predicted
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monthly average FRP [GW]
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2010 Fires in Russia: Burning throughout the Night!

MODIS FRP East of Moscow: 50-60M, 35-55E (2 days gap filling)

N, 35-55E (2 days gap filling)
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m according to FRP, probably smouldering sub-surface fires

m Conversion and emission factors need to be adapted dynamically.
e 80% peat fires 20% forest fires explain the CO and NO2 observations.
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Gas Flaring

Analysis of daily “NRT” MODIS-FRP data at 0.1 deg covering 2003 to 2009

Source identification based on the analysis of the stationarity and/or
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World’s Top100 grid cells by FRE.
Range: 0.01 to 1.48 W m-2
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Contamlnatlon of MODIS FRP by Volcanoes
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Contamination of MODIS-FRP by Gas Flares

s

57.45%€,48.25N
Top-2: Gas Flares, Embenski area, Kazakhstan
Mean FRP=1.29 W m-2, CONSECTS=288 days
Total dry matter burned 2003-2009 equivalent:

105.1 kg m-2 or 8.7 Tg per 0.1 grid cell
(compare: tropical forest~50 kg m-2 )
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Contamination of MODIS-FRP by Gas Flares

Total dry matter burned 2003-2009 equivalent
Global: 12800 Tg
Top 100 by FRP: 172 Tg (~1.3% of global)

Top100 FRP: Source Categories
Contribution to total dry matter burned 2003-2009 e  quivalent
(Sum Topl00 FRP grid cells: 172 Tg)

BVOLCANO

B GASFLARE
OINDUSTRY
OUNCLEAR

BFIRES

-> Identification and Masking Out of Non-Biomass Burning
MODIS FRP signals in Future
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Parameterization of Injection Height

Freitas 1D Plume Model : validation sensitivity test jofire radius

Firein Siberia July 2003 "
-Fireradius = 3ha 60 | o
- FRP =419 MW s

- moisture=10 %
- entrainment constant
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Conclusions

m MACC atmospheric and fire products publicly available
e starting 2003
e NRT, as operational GMES service in 2014
e observation gap filling with data assimilation

m global MACC services use fire emission products since January
(aerosols) and April (greenhouse gases) 2010

m real-time fire emission rates critically depend on availability and
quality of FRP products
e LandSAF: SEVIRI
e KCL: GOES-E/-W (to be moved to IM Lisbon in MACC II)
e NOAA/NASA: MODIS
e in the future: MTSAT, FY2C, Sentinel-3, NPP VIIRS
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Contamination of MODIS-FRP by Gas Flares
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More “NRT” MODIS FRP over SH America

MODIS Fire Radiative Power with observation gap filling by 2 days either side
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