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SILAM in general
• An offline chemistry-transport model

• Global-to-meso- scales (up to 1km resolution)

• Spans over the troposphere and the stratosphere with the 
corresponding physical and chemical mechanisms

• Eulerian and Lagrangian transport schemes

• Incorporates adjoint dispersion formalism, 3D- and 4D-
variational and ensemble Kalman filter data assimilation

• Developed for a wide variety of problems, from 
emergency decision support to air quality and atmospheric 
composition studies and operational activities

• Open-code system, installed in 7 countries, modules used 
in >10 other models
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SILAM v.5.5

• Modules
 9 chemical and physical 

transformation modules 
(7 open for operational use), 

 8 source terms (all open), 
 4 aerosol dynamics (1 open)
 3D-,4D- Var, EnKF

• Domains: from global to beta-
meso scale (~1km resolution)

• Meteo input:
 ECMWF
 HIRLAM, AROME, HIRHAM, 

ECHAM, and any other who 
can write GRIB-1 or GRIB-2

 WRF
 ECHAM, NorESM, other GCM / 

RCM 
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• New species:      22
 Terpenes
 VBS 

– Anthropogenic 1 NVOC, 4 SVOC (gas + aerosol), 3 IVOC
– Biogenic 1 NVOC, 4 SVOC (gas + aerosol)

• New reactions:   31
 Terpene oxydation:      4
 SOA formation:          20

– XYL, TOL, ISOP, TERP; lo and hi NOx
 SOA aging                  11

• Gas – aerosol partitioning: 8
---------------------------------------------------------------------------------------
• CB4 - possibly not good enough

 32 species, 81 reactions
• Large uncertainties emissions

 IVOC - Primary OC emission * 2.5
 Composition of anthropogenic NMVOC
 Biogenic emissions of isoprene, monoterpenes ec



Fire data for emission: IS4FIRES

is4fires.fmi.fi



Features of IS4FIRES v.2

• Top-down emission calibration for 7 land-use types
 additional segregation of forests with regard to continents seems 

reasonable

• Bottom-up plume calculation with dynamic injection height
 both fire features and meteorology drive the uplift

• High-energy permanent sources are masked out

• Aerosol size spectrum is reviewed and parameterized 
from direct observations (under evaluation)

• Separate consideration given to flaming and smoldering 
fires (in progress)

7



High-energy non-fire sources

 Clear impact of oil 
extraction/production plants 

 AOD can be reduced by ~60% 
in the immediate vicinity of the 
sources but effect quickly falls 
out with distance from the oil 
flares.

 fires occurring in each 3  3 km 
pixel over the globe: MODIS-
FRP

 Suspicious: > 50 fire days in a 
year 

 Over 2002 - 2013, 402 cells 
were flagged more than 4 times.

 Final constraint: 9 years 
persistence.
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Source of ship activity
• Automatic transponder (Automatic Identification System, AIS)

 VHF radio transmissions, anyone can receive

 Time stamp, vessel identification, position, speed

 Vessel traffic control system, built for collision avoidance

• Position update every 2 sec at maximum

• Mandatory for all ships

• Wealth of data: EU sea areas -> Over 1000 million position updates
each year

 Data received each year for the Baltic Sea alone is more than
ten times than what was received globally during the last 250 
years
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Ship technical data
• Physical dimensions; Hull form

• Powering; all installed engines, 
generators

• Emission abatement, emission 
certificates

• Fuel type; sulphur content; specific
consumption

• Current legislation; ECAs, directives, IMO
Tiers

• Engine load vs fuel
consumption/emissions; power
transmission

• Propellers

• Capacity; reefer containers, cabins

• Each vessel handled as unique case

• No averages, compromises, 
shortcuts

• All information may not be available!

• Combination of different data sources

• IHS Fairplay

• Other classification societies

• Ship owners

• Engine manufacturers

• …
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Measurements by:
Joint Research Centre,
Maritime University of Szczecin



Comparison, EMEP/STEAM, 2011
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Wind-blown dust emission
• Saltation-based algorithm, modified from Marticorena and 

Bergametti (1995) & Zender (2003)
 threshold friction velocity (“pure” friction velocity, convective add-

on, gustiness)

 sand properties (refitted)

 soil humidity

 Owen effect (positive feedback)

 saltation saturation (negative feedback)

 technological improvements (analytical and approx. solutions)

• Parameterized for Sahara
 problems with soil humidity in ERA-Interim for other regions

 is being evaluated and refitted for Asia and America

 prognostic model for soil humidity



Re-analysis 1980-2016
• global

 1.44×1.44×18 lyrs (10 Pa)
 MACCity anthropogenic, ACCMIP fire, MEGAN-MACC biogenic, GEIA 

lightning and aircraft, and EDGAR anthropogenic PM emissions
 ERA-Interim
 wind-blown dust, volcanoes, and SOA turned off, reserved for separate runs

• European
 0.5×0.5×13 lyrs (400 hPa)
 MACCity anthropogenic, ACCMIP fire, MEGAN biogenic, GEIA lightning and 

aircraft, and EDGAR anthropogenic PM emissions
 ERA-Interim
 wind-blown dust and SOA turned off, reserved for separate runs

• Northern Europe (up to 2014)
 0.1×0.1×13 lyrs (~5km)
 EDGAR anthropogenic, ACCMIP fire, MEGAN biogenic, GEIA lightning and 

aircraft
 HIRLAM BaltAn (1980-2005) + ECMWF IFS (2006-2014)
 wind-blown dust and SOA turned off, reserved for separate runs



Obs different scales



Temporal development: BC



Difference between inventories

EDGAR OC, no fires

MACCITY, with fires



Stratospheric evaluation, 2010



Evaluation of large-scale model features



• Easy-to-observe: smoke 
from African savannah 
fires

• African plumes are 
predicted shorter than 
MODIS suggests: 
 scavenging (?)

 Consequently, emission is 
over-blown to reach 
unbiased mean AOD

• Reasons?
 convective precipitation 

pattern of ERA-Interim

Effect of convective precipitation representation







Operational AC/AQ-modelling at FMI
- Started: Feb 2016 -

+

Global: 50km,  
troposphere+ stratosphere

All forecasts: 
4 days with 1hr step, 
SILAM v.5.x
http://silam.fmi.fi 

Asia: 14km, 
troposphere

Northern Europe: 
2km, troposphere

Europe: 
10km, troposphere
boundaries: C-IFS
hindcast: 3D-Var



• Global, srf – 10Pa

• 720 x 360 cells

• 0.5x0.5 degree

• 28 hybrid levels

• Daily 0 +96 hours

• Available ~0400UTC

• Pre-operational

• presented at 
http://silam.fmi.fi

Global AQ Forecast



Data availability
• hourly output of 2-3 latest forecasts 

(e.g. boundaries, vertical profiles, station time series etc.)

• daily mean/max SO2, NO, NO2, CO, O3, PM10, PM2.5

Formats:

• Pictures/animations at http://silam.fmi.fi

• Pictures of daily mean/max (Silam colors, CAMS colors)

• OGC-kind data server THREDDS 
http://silam.fmi.fi/thredds



Online evaluation (O3 column, OMI)



AOD column,  MODIS



Conclusions
• State-of-the-art emissions IS4FIRES, Steam, Desert dust

• Global AQ Reanalysis
 1980-last year, being evaluated, updated

 Available on request

• Global operational forecasts
 Online rolling archive

 Online validation

 TODO: PSCs, online BioVOC

• No assimilation (yet): free-running model


