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Abstract
The project Satellite based Monitoring Initiative for Regional Air quality
(SAMIRA) aims at improving regional and local air quality monitoring
through synergetic use of data from present and upcoming satellites,
traditionally used in situ air quality monitoring networks and output from
chemical transport models. This document provides an overview of the
Copernicus Atmosphere Monitoring Service (CAMS), describes some of its
major operational products relevant for air quality applications, explains
the current use of CAMS information at the SAMIRA modelling partners,
and finally describes how CAMS products can be used as initial conditions
and boundary conditions for the high-resolution regional- and local-scale
modelling to be carried out within the SAMIRA project.
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Introduction

The overall goal of the SAMIRA project is to carry out research in terms of
developing methods for exploiting current and future satellite platforms in
order to provide regional air quality products that improve upon what is
currently available from operational services. These improvements include 1)
the retrieval of aerosol optical depth (AOD) and a conversion of AOD to
particulate matter estimates, 2) the integration of various satellite-based
datasets with high-resolution modelling data using data fusion techniques, and
3) the development of algorithms for downscaling satellite-based air quality
products to finer spatial resolution using high-resolution model output as an
auxiliary dataset. Through collaborative efforts in four countries, namely
Romania, Poland, the Czech Republic and Norway, all with existing air quality
problems, SAMIRA intends to support the involved institutions and associated
users in their national monitoring and reporting mandates as well as to
generate novel research in this area.
Despite considerable improvements in the past decades, Europe is still far from
achieving levels of air quality that do not pose unacceptable hazards to humans
and the environment. Main concerns in Europe are exceedances of particulate
matter (PM), ground-level ozone (O3), benzo(a)pyrene (BaP) and nitrogen
dioxide (NO2). While overall sulfur dioxide (SO2) emissions have decreased in
recent years, regional concentrations can still be high in some areas.
Among others the objectives of SAMIRA include the improvement of existing
algorithms for the retrieval of hourly aerosol optical depth (AOD) maps from
the Spinning Enhanced Visible and Infrared Imager (SEVIRI) instrument, and to
develop robust methods for deriving column- and near-surface PM maps for the
study area by combining satellite AOD with information from regional models.
While AOD is operationally retrieved from multiple low earth orbit satellites,
no operational product of AOD is available from the SEVIRI instrument onboard
the geostationary Meteosat platform. Zawadzka and Markowicz [2014]
developed a technique for deriving AOD from SEVIRI, which will be further
improved by the University of Warsaw as part of the SAMIRA project (WP2000).
This AOD product is then further converted to particulate matter estimates by
6

SAMIRA
Technical Note 2

REF: SAMIRA TN-2
ISSUE: 1.0
DATE: 19.10.2016
PAGE: VII

INOE (WP3000), which can then be used by WP4000 (CHMI) and WP5000
(NILU) for data fusion with modelling and downscaling, respectively.
The benefit to existing monitoring networks (in situ, models, satellite) by
combining these various datasets using data fusion methods will be tested for
satellite-based NO2, SO2, and PM/AOD. Furthermore, SAMIRA will test and
apply techniques for downscaling air quality-related EO products to a spatial
resolution that is more in line with what is generally required for studying
urban and regional scale air quality. This will be demonstrated for a set of study
sites that includes the capitals of the four participating countries, as well as two
areas of special interest, namely the highly polluted areas along the border of
Poland and the Czech Republic, and the Gorj County in Romania.
All data products shall undergo a quality control, i.e. robust and independent
validation. The SAMIRA consortium will further work towards a preoperational system for improved PM10 forecasts using observational data
assimilation (initially using in situ data and later on satellite data). SAMIRA
aims to maximize project benefits by liaison with national and regional
environmental protection agencies and health institutions, as well as related
ESA- and European initiatives.
One of the main European iniatives that is relevant for the work to be carried
out within SAMIRA is the Copernicus Atmosphere Monitoring Service (CAMS),
which provides operational modelling products of various air pollutants at both
the global and European scale. This data, which is provided at comparatively
coarse spatial resolution (~11 km to 80 km), will to som extent serve as initial
conditions and/or boundary conditions for the high-resolution regional
modelling activities planned in SAMIRA. These regional modelling activities will
have spatial resolutions on the order of 1 km to 4 km and thus provide
significantly more detail of air quality. The outcome of these high-resolution
modelling activities will be used in SAMIRA for data fusion/assimilation
purposes, and for spatial downscaling of relatively coarse satellite datasets.
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Copernicus

Copernicus is a programme designed for the establishment of a European
system for monitoring the Earth and is coordinated and managed by the
European Commission. The goal of the programme is to provide a long-term
operational set of systems to collect earth observation data through satellites
and in situ measurements (ground-based stations, airbone and seaborne
platforms), to process the resulting data and to provide the resulting up-to-date
information to end users via a number of services related to environmental and
security issues. Copernicus is organized within two main components, the
Copernicus Space Component and the Copernicus Services. Figure 1 and Figure
2 illustrate the respective organizational structure of the Copernicus Space
Component and Copernicus Services Component.

Figure 1 - Overview of the organizational structure of the Copernicus Space Component

The Space Component of Copernicus, which is coordinated by the European
Space Agency (ESA), includes dedicated earth observation satellites (Sentinel1, -2, -3, -5P, and -6) and instrumentation onboard of EUMETSAT’s weather
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satellites (Sentinel-4, and -5). In addition, the Space Component includes
contributing missions that are operated by national, European, and
international organisations. The SAMIRA project will make use of the data
provided by the TROPOMI instrument onboard of Sentinel-5P once the first
data becomes available in 2017. In addition, AOD information provided by the
Sea and Land Surface Temperature Radiometer (SLSTR) onboard of Sentinel-3
might be used in SAMIRA.

Figure 2 - Overview of the organizational structure of the Copernicus Services Component

The Copernicus Services address six thematic areas: atmosphere, climate
change, land applications, marine applications, emergency management and
security. The primary end users of Copernicus data are considered to be
policymakers and public authorities. The Copernicus services can give such
stakeholders important information for developing environmental legislation
and allow for critical decisionmaking in times of crises and emergencies.
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The Copernicus service with the most relevance for the SAMIRA project is the
Copernicus Atmosphere Monitoring Service (CAMS). This products provided by
this

service

are

available

under

the

website

http://atmosphere.copernicus.eu/. CAMS is described in detail in the
following Section.

3

Copernicus Atmosphere Monitoring Service (CAMS)

CAMS consolidates many years of preparatory research (carried out within a
series of projects called Monitoring of Atmospheric Composition and Climate,
MACC, MACC-II, MACC-III) and development and delivers the following
operational services (this and the following lists are provided by ECMWF,
2016):


Daily production of near-real-time analyses and forecasts of global
atmospheric composition



Reanalyses providing consistent multi-annual global datasets of
atmospheric composition with a frozen model/assimilation system



Daily production of near-real-time European air quality analyses and
forecasts with a multi-model ensemble system



Reanalyses providing consistent annual datasets of European air
quality with a frozen model/assimilation system, supporting in
particular policy applications



Products to support policy users, adding value to “raw” data products
in order to deliver information products in a form adapted to policy
applications and policy-relevant work



Solar and UV radiation products supporting the planning, monitoring,
and efficiency improvements of solar energy production and providing
quantitative information on UV irradiance for downstream applications
related to health and ecosystems

10
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Greenhouse gas surface flux inversions for CO2, CH4 and N2O, allowing
the monitoring of the evolution in time of these fluxes



Climate forcings from aerosols and long-lived (CO2, CH4) and shorterlived (stratospheric and tropospheric ozone) agents

The products delivered by CAMS can be grouped in three main service lines,
comprising the global, regional (Europe) and value-added products, which are
directly derived from the former or relate to atmospheric composition
variables.
Main global products:


Near-real-time analyses and forecasts for aerosol, reactive and
greenhouse gases, stratospheric ozone and related species, and UV
radiation



Delayed-mode analyses of aerosol and greenhouse gases



Reanalyses of aerosol, reactive gases, greenhouse gases and
stratospheric ozone and consistent aerosol direct and indirect forcing

Main regional products (Europe: 25°W-45°E, 30°N-70°N):


Near-real-time analyses and forecasts of air quality from an ensemble
of regional systems



Seasonal pollen forecasts



Annual regional air quality reanalyses

Main value-added products:


Global and European anthropogenic emissions inventories



Daily global emissions from wildfires



Delayed-mode surface fluxes of carbon dioxide, methane, and nitrous
dioxide
11
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Reanalyses of global carbon dioxide and methane surface fluxes



Surface solar irradiance



Policy-oriented products (assessment reports; country and region
source-receptor calculations; “green scenario” forecasts)



Products in support of special events and scientific campaigns

Figure 3 and Figure 4 shows examples for the global and regional output from
CAMS, respectively.

Figure 3 - Example of global output from CAMS as produced by the Integrated Forecast
System (IFS), here showing the forecast for surface-level nitrogen dioxide for Monday June
6 2016 at 12 UTC. [ECMWF, 2016]
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Figure 4 - Example of regional output from CAMS as produced as the ensemble of seven
different European-scale models, here showing the forecast for surface-level PM2.5 for
Monday 6 June 2016 at 0 UTC. [ECMWF, 2016]

4

Regional CAMS datasets

For the country-scale applications as they are envisioned within the framework
of the SAMIRA project, it is primarily the regional (European) products offered
by CAMS that are of interest. The CAMS regional system is a set of seven stateof-the-art air quality models that were developed in Europe and focus therefore
on the European domain ((30°N - 70°N, 25°W - 45°E) at relatively high spatial
resolution (varying from model to model between ~10 km and ~20 km). The
models used within the CAMS regional system include


CHIMERE developed by INERIS, France [Schmidt et al., 2001]



EMEP developed by MET Norway [Simpson et al., 2003]



EUARD-IM developed by the University of Cologne, Germany [Hass et
al., 1995]



LOTOS-EUROS developed by KNMI and TNO, Netherlands [Schaap et al.,
2008]



MATCH developed by the SMHI, Sweden [Andersson et al., 2015]
13
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MOCAGE developed by Meteo-France, France [Josse et al., 2004]



SILAM developed by FMI, Finland [Sofiev et al., 2008]

All these regional models are being run using identical input data with regard
to meteorology (obtained from the ECMWF global weather forecasting system),
boundary conditions for chemical species (acquired from the CAMS IFSMOZART global production), and emissions (obtained from the CAMS emission
dataset for anthropogenic emissions over Europe as well as biomass burning).
Each individual model every day produces 4-day forecasts with hourly
temporal sampling. In addition, all models perform a daily retrospective
analysis of the pollutants near the surface. These products assimilate groundbased station data from the last 24 hours to constrain the model results.
In addition to the individual model runs, the CAMS regional system also uses
the output from the seven regional models to generate ensemble products from
both the forecasts and analysis products [Marécal et al., 2015]. Furthermore,
the near-real time operational runs are complemented by validated multimodel ensemble reanalysis products are further offered for historical periods.
The main access point for the CAMS regional products as of summer 2016 is the
website http://www.regional.atmosphere.copernicus.eu/. Figure 8 shows a
screenshot of the web interface of the CAMS regional data portal. The products
are available either through individual requests, programmatically through an
API, or through a subscription service offering FTP-push. Figure 5 through
Figure 7 provide an overview of which individual species are available at each
product level.
It should be noted that the CAMS regional system does not currently provide
aerosol optical depth (AOD) as an operational output, so no direct comparison
of the SAMIRA-produced AOD fields with CAMS regional output will be possible
at this point. This limitation of the CAMS regional service can be compensated
by the models run within SAMIRA itself (e.g. WRF-Chem, CAMx), but also with
the global CAMS model output (IFS-MOZART), which provides an operational
AOD product and is as of summer 2016 being run at a spatial resolution of 40
km (improved from previously 80 km). AOD will be an important parameters
14
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used in several work packages, from AOD retrieval (WP 2000) over AOD-to-PM
conversion (WP 3000) and potential data fusion of AOD (WP 4000) to
downscaling of AOD (WP 5000) and validation of AOD (WP 6000).

Figure 5 - List of individual model forecast products currently available from the CAMS
regional production system [ECMWF, 2016]

Figure 6 - List of individual model analysis products currently available from the CAMS
regional production system [ECMWF, 2016]
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Figure 7 - List of ensemble products currently available through the CAMS regional
production system [ECMWF, 2016]

Figure 8 - Web interface of the CAMS regional data portal. [ECMWF, 2016]
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Previous use of CAMS data by SAMIRA partners

The SAMIRA partner CHMI in the Czech Republic is already using CAMS
information for their modelling activities. Regional air quality modelling for the
Czech Republic is carried out using the chemical transport model CAMx coupled
with the numerical weather prediction model ALADIN. One of the important
inputs to CAMx are boundary conditions for the larger Central European
domain (Figure 9). For this purpose products from the series of MACC projects
and now CAMS products have been used (Table 1). Note that CHMI uses data
from the global CAMS IFS-MOZART model runs rather than the regional
European CAMS products discussed previously. The species used and their
mapping to the CAMx species is shown in Table 2.
Table 1 – MACC/CAMS products used as boundary conditions for AQ modelling in the
Czech Republic
MACC_fnyp_fc-3hourly_ModelLevel

from 2012-06-24 to 2014-09-29

MACC_g4e2_fc-3hourly_ModelLevel

from 2014-09-15 to 2015-10-20

CAMS_cifs_cb05_1509_lower_fc-

from 2015-10-01 to 2016-06-20

3hourly_ModelLevel
CAMS_cifs_cb05_1606_lower_fc-

from 2016-10-15

3hourly_ModelLevel
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Figure 9 - Example output of the CAMx chemical transport model run by CHMI for the
European domain. The spatial resolution for this domain is 14.1 km. Boundary
conditions from the Copernicus Atmosphere Service are used for running this model.
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Figure 10 - Example output of the CAMx chemical transport model run by CHMI for the
area of the Czech Republic. The spatial resolution here is 4.7 km.

Table 2 - Mapping of MACC(CAMS) to CAMx species
maccspecies

camxspecie

factor

comment

vmr_ch4

CH4

1

Direct mapping

vmr_o3

O3

1

Direct mapping

vmr_oh

OH

1

Hydroxyl radical, direct mapping

vmr_co

CO

1

Direct mapping

vmr_c2h6

ETHA

1

Ehane, map to ALK1 following Emmons 2010
Table7.

vmr_ch2o

FORM

1

Formaldehyde, direct mapping

vmr_hno3

HNO3

1

Direct mapping

vmr_isop

ISP

1

Direct mapping. Isoprene as an SOA precursor.
CAMx v5.40 manual.
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vmr_isop

ISOP

1

Direct mapping. Isporene as an oxidant precursor.

vmr_no

NO

1

Direct mapping

vmr_no2

NO2

1

Direct mapping

vmr_pan

PAN

1

Direct mapping (peroxyacetylnitrate)

vmr_so2

SO2

1

Direct mapping

mmr_bc_hydrophobic

PEC

1

fresh elemental carbon

1

aged elemental carbon

1

fresh organic carbon

1

aged organic carbon

1

Direct substance mapping

mmr_bc_hydrophilic
mmr_oc_hydrophobic

POA

mmr_oc_hydrophilic
mmr_sulfaer

PSO4

mmr_seasalt1

NA

mmr_seasalt2
mmr_seasalt1

0.27303
PCL

mmr_seasalt2
mmr_seasalt2

0.6
0.40954

CPRM

mmr_seasalt3
mmr_dust1

0.4

0.31743
0.89561

As seasalt3 is size 5 - 20 microns, factor represents
fraction that is between 5 and 10 microns.

1

Dust 1 is 0.03 - 0.55 microns.

mmr_dust2

1

Dust 2 is 0.55 - 0.9 microns.

mmr_dust3

0.45807

Dust 3 is 0.9 - 20 microns, so fraction represents
the mass that is 0.9 -2.5 microns.

0.51818

Dust 3 is 0.9 - 20 microns, so fraction represents
the mass that is 2.5 - 10 microns.

mmr_dust3

FCRS

seasalt1 is 0.03-0.5microns. Factor is to get the 40%
of NaCl mass that is Na.
seasalt2 is 0.5-5 microns. Factor represents fraction
that is under 2.5 microns and only Na, not Cl. LogNormal distribution used.
seasalt1 is 0.03-0.5microns. Factor is to get the 60%
of NaCl mass that is Cl.
seasalt2 is 0.5-5 microns. Factor represents fraction
that is under 2.5 microns and only Cl. Log-Normal
distribution used.
As seasalt2 is size 0.5 - 5 microns, factor represents
fraction that is between 2.5 and 5 microns.

CCRS
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Use of CAMS data in SAMIRA

The SAMIRA project has the primary goal of exploiting existing and future
satellite missions related to atmospheric composition and the resulting data
products of air quality to improve the country-scale monitoring of air quality.
While satellite observations of air quality are able to provide spatially
exhaustive coverage which would not never be possible with regular groundbased measurements, they still tend to exhibit data gaps, for example due to
cloud cover and limitations of the underlying retrieval algorithms. Chemical
transport models on the other hand usually provide gap-free coverage but often
are subject to biases or similarly unreliable results.
It is therefore a synergy of satellite-based retrievals of atmospheric
composition together with models that has the largest potential for reliable,
spatially exhaustive air quality monitoring for regional and country-scale
applications. For this reason, in addition to carrying out fundamental research
for improving the exploitation of satellite data for air quality by retrieving AOD
from SEVIRI, converting the AOD to PM estimates and downscaling AOD, the
SAMIRA project will be undertaking substantial high-resolution modelling
efforts, in WP4000, WP6000, and WP7000. These modelling efforts generally
require operationally generated datasets such as CAMS as initial and boundary
conditions. Due to the spatial scales at which these modeling efforts are carried
out (< 10 km spatial resolution) they complement the coarser resolution
products provided by CAMS and allow for more local-scale applications.
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Figure 11 – Hourly CAMS regional ensemble forecast data of PM2.5 (in units of µg/m3) for
a period of 24 hours, here shown for the area of Poland on July 12 2016.
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Figure 12 - As Figure 11, but shown for the area of Romania.
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Figure 13 - As Figure 11, but shown for the area of the Czech Republic.
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Figure 14 - As Figure 11, but shown for the area of southern Norway.
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Figure 15 - Example of CAMS Regional output for NO 2, PM10, PM2.5, and SO2, here shown
for the border area between the Czech Republic and Poland for 20 July 2016 at 0:00 UTC.
All units in µg/m3.

Figure 11 through Figure 14 show examples of the kind of information from the
CAMS regional ensemble forecast product for the 4 study sites considered in
SAMIRA, both in terms of spatial detail and temporal sampling. Figure 15 shows
an example of the information available from the CAMS regional modelling
system at the individual species level.
The SAMIRA project will make use of the operational CAMS modelling services
for a variety of purposes, with the primary one being as initial and boundary
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conditions for the high-resolution modelling (e.g. as used by the CAMx
modelling carried out by CHMI).
Work package 2000 concentrates on AOD retrieval from SEVIRI. The work will
build on the recently proposed optimal interpolation approach [see Zawadzka
and Markowicz, 2014]. In general, the satellite retrieval of aerosol properties
over land is challenging, mainly due to the high surface reflectance, its temporal
variability, and spatial inhomogeneity, which induces higher uncertainties of
retrieved parameters. In the SAMIRA project, the surface properties will be
estimated not only in a stardard way, i.e. during relatively cloud-free reference
days with a low AOD based on reflectance measured by the SEVIRI detector, but
also with use of ground-based data, which is a novel apprach. Thus, the
influence of the atmosphere will not be neglected, even if the AOD is low. In
SAMIRA, eliminating the influence of atmospheric components, in particular
atmospheric aerosols, on the reflectance measured by the satellite is regarded
essential and will be taken into account. In order to minimize the influence of
aerosol loading on the retrieved surface reflectance, additional data on the
spatial distribution of AOD is required. As a source of the additional data on the
AOD spatial distribution one can technically use any available AOD information,
such as other satellite measurements (e.g. MODIS) or outputs from aerosol
transport models (e.g. NAAPS, CAMS). In the framework of the SAMIRA project,
we will use the operational global-scale CAMS AOD product as background
information on the spatial distribution of the AOD on a reference day (free of
clouds). This is due to the fact that the CAMS forecast for AOD at 550 nm is
operationally available on-line in near real time and in a full coverage, and thus,
there will be no data gaps due to cloudy pixels. Already now, the CAMS forecast
product of AOD at 550 nm for selected hours is routinely downloaded and
stored at IGF UW. Moreover, in the SAMIRA AOD algorithm the CAMS AOD
forecasts will be additionally corrected by the surface observations collected at
a number of chosen ground-gased stations in in each country of interest. The
use of the optimal interpolation method on the stationary data and the CAMS
data will allow for a reduction of the uncertainties related to the aerosol
background estimation errors, and thus for an improvement of the final AOD
retrieval.
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The data fusion efforts (WP 4000) to some extent make use of the CAMx model
which in turn uses CAMS products as initial and boundary conditions (see
detailed discussion in Section 5).
SAMIRA will significantly improve the spatial resolution at which satellitebased air quality information is available (WP 5000). Figure 16 shows an
illustration comparing the approximate spatial resolution that is available from
the operational CAMS Regional modelling system and the approximate spatial
resolution that will be provided by the downscaled products to be developed
within the framework of the SAMIRA project.

Figure 16 - Comparison of the approximate spatial resolution (ca. 0.1 deg by 0.1 deg)
provided by CAMS Regional (left panel) and the approximate spatial resolution (ca. 1 km
by 1 km) to be provided by SAMIRA (right panel). The Figure shows the modeled NO 2
concentration in µg/m3 for 20 July 2016 0:00 UTC over the border area between the Czech
Republic and Poland. Note that the underlying data of the right panel is simply derived
from the left panel using bilinear interpolation for illustration purposes and does not
represent the actual downscaling techniques to be developed in SAMIRA.
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Summary and Conclusions

The Copernicus Atmosphere Monitoring Service (CAMS) provides important
information for the high-resolution modelling tasks to be carried out within the
SAMIRA project. To some extent the SAMIRA partners are already using
operational CAMS products as initial and boundary conditions for their
respective air quality modelling activities.
For the SAMIRA project, in particular the CAMS regional ensemble forecast at a
spatial resolution of 0.1 degree by 0.1 degree will be a crucial dataset to provide
initial conditions and boundary conditions of PM10, PM2.5, NO2, and SO2 for the
modelling tasks in SAMIRA. In addition, CAMS reanalysis datasets could
possibly be used when testing SAMIRA algorithms with historical satellite data.
As such, SAMIRA does not intend to replicate existing CAMS functionality but
will build upon the operational modelling efforts that are being carried out as
part of CAMS in order to develop downstream services that add value to the
existing CAMS products by 1) carrying out research for improving the AOD
retrieval from the SEVIRI instrument, 2) developing robust methods for
converting satellite-based AOD to PM estimates, 3) developing methods for
integrating satellite datasets with independent high-resolution modelling
output supported with CAMS input data, 4) develop and implement algorithms
for downscaling satellite-products of air quality with the help of independent
high-resolution model data supported partially by CAMS and 5) providing
satellite-supported higher-resolution analyses and forecasts for regional and
country-scale applications than what is currently available through the existing
CAMS products.
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