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From EO to policy-relevant
products
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Boundary conditions feed an
ensemble of high-resolution European
AQ systems (in order to assess

uncertainties)

0zone ENSa model forecast
(macc 2 e o tore

More data are assimilated
(in particular hourly
surface AQ concentrated
by EEA/EIONET)
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Policy-relevant (here health indicator for ozone)
products are delivered. They are “maps with no
gaps”, which observations alone don’t provide and :
are essential to assess impacts. %
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Air Quality and
Atmospheric Climate Forcing Ozone Layer & UV  Solar Radiation

Ozone Layer Composition Surface Fluxes

co2

est Analyses In Focus: Dust storm affects Middle-East

European Air Quality 3 ll 13 February 2015 A massive desert dust storm swept through the
Fire Monitoring Middle-East earlier this week affecting air quality, visibility and air
Reactive Gases traffic. The MACC-III forecasts were very successful in capturing this
Aerosols event forecasting high concentrations of desert dust 4 days in
advance. More on this story can be found in MACC-III news.
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Surface fluxes:
greenhouse gases,
fires, emissions
(GFAS, MACCity,
MACC/TNO)

GEMS-GHG Reanalysis Flux Inversion April 2003
Mean CO2 Analysis Fluxes [ gC/m2/day] mean = 2,13 red-sources  blue - sinks
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Main products categories Users

Global NRT Analyses & Forecasts 150 daily users

Users

Regional NRT Analyses & Forecasts 125 daily users

MACC Global Reanalysis 2003-2012
Solar Radiation

1600 registered users
110 users, ~20000 requests/yr

Power users - r

Global NRT Analyses & Forecasts

mCommercial ®WPublic mScience ® Other

as part of time-
AQ modellers, ¢
producing publ
guality apps de
sector ...).

Regional NRT Analyses & Forecasts

® Commercial ® Public ™ Science  m Other

Global Reanalysis

mCommercial mPublic wmScience wm Other

Solar Radiation

m Commercial m Public = Science m Other

I
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MaCcC

Monitoring atmospheric
composition & climate -l

OPErMICUS

European Earth Observation Frogramme

Copernicus Atmosphere Monitoring Service

e Operational delivery of atmospheric composition services
* Global and European regional scale

* Initial period from 2015 - 2020

e ECMWEF is in charge of implementation

\HECM W F EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 3 March 2015
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MACC-1I Deliverable D_153.4

-

-

Product and Service
Speei cations Document
v2

http://atmosphere.copernicus.eu/about/MACCII_Product_and_Service_Specification_20140722.pdf

in total 68 products and services

S=ECMWF
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Anticipating questions from potential users ...
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How can | read and
What products and How can | access the data? ; he data? H
services can | get from : : IKEl{piEs U el &l [niety
Where can | find a service?

MACC? can | use a service?
single entry point it depends EnE

Where to get information Is a product suitable for What am | allowed to do

about the quality of a operational usage? with the data?

product?

single data licence

it depends it depends

I
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Diversity of data producers, number of data
formats, large variability of dataset
volumes, existing data serving methods
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MACC product catalogue

e Start small: comprehensive and up-to-
date inventory

e 150 individual products and services
accompanied with description,
geographical and temporal coverage
and links to access the data, to data
browsing page, documentation,
validation reports, contact points ...

* Able to export INSPIRE and WMO Core
compliant meta data

 Will be used as a source for Catalogue
Service for the Web (CSW)

S=ECMWF
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Monitoring atmospheric composition & climate

(mac

Monitoring atmospheric
composition & climate

Gbemicus

Mot logged in | Login

Q|

mm W N5l 2 PRESS ROOM | ABOUT THE PROJECT | CONTACT US _

Home = Catalogue

Product

Air quality and atmospheric compos v

Name

Sernvice Type

Product Family

Parameter

Service
Status

Reactive gas w
- Please select a parameter -- w
-- Please select a data type -- W

-- Please select a geographic area -

Reset

| Search

European air quality
assessmentreport 2010

European-scale AQ ozone
forecast by SILAM

Green scenarios

MAC C-IF5-MOZ reanalysis
of global carbon monoxide
MAC C-IFS-MOZ reanalysis
of global formaldehyde

MACC-IFS-MOZ reanalysis
of global ozone

MACC-IFS-MOZ reanalysis
of global reactive nitrogen
oxides

MACC-IFS-MOZ reanalysis
of global sulphur dioxide

M 4 1-83cf68 '» M

Air quality and atmospheric
composition

Air quality and atmospheric
composition

Air guality and atmospheric
composition

Air quality and atmospheric
composition

Air quality and atmospheric
composition

Czone and Ultraviolet
radiation, Air quality and
atmospheric composition

Air quality and atmospheric
composition

Air quality and atmospheric
composition

Reactive gas

Reactive gas

Reactive gas

Reactive gas

Reactive gas

Reactive gas,
Greenhouse gas

Reactive gas

Reactive gas

MO2, Birch
pallen, PM2.5,
03, PM1D

03

NO2, PM2 5, 03,
PM10

co

HCHO

03

R [o

502

FRE-OF

FRE-OF

FRE-OF

PRE-OP

PRE-OF

FRE-OF

PRE-OF

FRE-OF

Please use the search criteria on the left to filter products. Once you get a list of products, you may check a product's details by
clicking on it. ¥ou can also type one or more keywords to search the catalogue.

Explanation of Senice Status levels.

Ifyou have any comments, please feel free to contact us using this form.

http://atmosphere.copernicus.eu/catalogue
_CECM W F EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

3 March 2015
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Monitoring atmospheric composition & climate Mot logged in | Login
< m Monitoring atmospheric C .
ac composition & climate OPCIRICUS [ N ]
Wm [ \[10:15113 PRESS ROOM | ABOUT THE PROJECT | CONTACT US _

Home > Catalogue

Product Hame Service Type Product Family Parameter ey
Air quality and atmospheric compos v European air quality Air quality and atmospheric ——— Ngli'namz : CREOP
Reactive gas «  assessmentreport2010 composition 9 p03 PM1 5 =N
-- Please select a parameter -- ¥~ European-scale AQ ozone Air quality and atmospheric AR Ao na BRETR
- Please select a data type - T ——— = 5
- Please select a geograph -IFS- reanalysis of global carbon monoxide 1 p— N

& o This service provides global reanalysis of carbon monoxide using the chemistry of the
Descripion: MOZART model. PRE-OP
MACC Reanalysis Global Monthly Mean January 2003

Surtace Carbon Monoxide [ ppbv | meanc 10980 max: 3677.08

a product's details by

MWW 1YW D0'W N'W W YW o' 200w 4 2 &'t w'e ”er WL 10 10°C W PRE'OP
ol
3000
oo PRE-OP
0o
00
00
- PRE-OP
%0
: PRE-OP
00
L
=
«©
“o

MWW 1DTW DO'W N'W B'W YW &YW YW - WE LT WE WT Wt XL 1T e

ARG ad tmoshsE Potential temperature; Potential

Service type: composition Vertical coordinate: \Igc:gisc;tz;r;ﬂodel; Surface;
Product family: Reactive.gas Time resolution: Monthly; 3-hourly
Rarameter: co Data type: Reanalysis
Geographical area: Glohal (-180, 180,-90, 90) Service:stutis: Pre-operational

Links: Plots Data access Verification results Validation reports Contact us XML




Flux inversion delayed-mode of global -

This data provides CH4 based on the surface
fluxes in a delayed-mode, based on air mole fraction records from CH4 records from
NOAA/ESRL.

Description:

Delayed mode Global Monthly Mean June 2009
‘Surtace Methane [ ppby |

mean: 1687.94 max: 840567
o o

§eEsssaqasssasEsues

WW G oW WeW BTW GW AR MW @ D S WE SPC ee mE e et

Climate forcing; Air quality and

Service type: atmasphsric comipositign Vertical coordinate: ;orggétlyj}godel; Surface;
Product far.nily: Greenhouse gas Titme resolution: Monthly

Paramete_r. ) Lt Data type: Analysis

Geographical area: Global (-180, 180,-90, 90) Service status: Pre-operational

Links: Data access D Contact us XML

BASCOE NRT global stratospheric analyses

Analyses of stratospheric species using MLS observations in the BASCOE data

Description: assimilation systsm
03 [Dobson Units] by BASCOE AMLS_04.03 (dion*dlat=0.5°0.5 by linear interp)
CTrw—~rry
——f |
100 150 200 300 350 400 4s0 500
22-Feb-2015 00:00
Service lypef Ozone‘ and Ultraviolet radiation Vertical coordinate: Model
Product family: Reactive ga.s . X Time resolution: 3-hourly
Parameter: I,:l{?:(l) HNO3; HOCI 03; H20; Data type: Analysis
Geographical area:  Global (-180, 180, -9, 50) Servicostaius:  trieioperational
Links: Plots Data access Contact us XML

European-scale AQ PM10 forecast by CHIMERE

This service provides pre-operational European-scale air quality PM10 forecasts for every

Description: hour up to 4 days in advance provided by the CHIMERE model. The maps provided are

pollution.

g . Air quality and atmospheric 2 = . 500 m; Surface; 3000 m; 1000
Service type: composition Vertical coordinate: =

Product family: Aerosol Time resolution: Hourly

Parameter: PM10 Data type: Forecast

Geographical area: Europe (-25, 45, 30, 70) Service status: Pre-operational

Links: Plots Data access results D Contactus XML

Potential temperature; Potential

1x

X

only representative for large scale phenomena, they cannot reproduce local aspects of air

iC

NRT Biomass burning emissions of carbon and various trace species based on Fire

Power (FRP) (GFAS)

Description:

X

This service provides daily biomass burning emissions of various aerosol, greenhouse

gas, and chemical species based on Fire radiative Power (FRP) satellite

MACC Daily Fire Products Thursday 26 February 20
Average of Observed Fire Radiative Power Areal Dunoly ImWimz)

max value = 0.40 W/m2

Service type: E.mis;ionsrand ﬂuxzs i Vertical coordinate: Surface

: ire; Reactive gas; Greenhouse — .
Product famil qas: Aerosol Time restfllmon. Daily .
Parameter: Fire Radiative Power Data_lyne. 2 Analysis .
Geographical area:  Global (-180, 180, -90, 90) Servica:status:  <Rre-operations|
Links: Plots Data access Contact us XML

C-IFS-TM5 NRT analyses of global carbon monoxide
— This service provides pre-operational daily analyses of carbon monoxide using the
Description; C-IFS-TM5 model.
Total Column Carbon Monoxide [ 10418 molecules /cm2]
wpmEL Sl
e S N O
Potential vorticity; Potential
Service type: Air quality and atmospheric Vertical coordinate: temperature; Model; Surface;
composition Brassiire
froductfamiy:;  Reacleigas Time resolution:  6-hourly
Parameter: co Data type: Analysis
Geographical area: Global (-180, 180,-90, 90) Service status: Pre-operational
Links: Plots Data access results reports D Contact us XML
TNO-MACC-lI
Description: This services provides anthropogenic emissions for various chemical species for the

European domain

i

n 2009

I
i

Gareees
sl

frEpgaEee

Service type: Emissions and fluxes i
v Reactive gas; gas; Vertical Surface

Rroduct family; Aerosol Time resolution: Monthly

< NOx; S02; PM2.5; PM10; CH4; Data type: Analysis
Parameter: - co:

NH3; CO; NMVOCs Service status: Pre-operational

Geographical area: Europe (-25, 45, 30, 70)
Links: Plots Data access Contact us XML

1%

Flux i is fluxes of global nitrous oxide - Fluxes X
This data prowdes N20 surface fluxes over 12 years, from 1998 to 2009, at 3.75degree x
2.5degree titude) and monthly 1, based on air mole fraction records
from 70 N20 sites plus ship-| based and ocean mooring records from NOAA/ESRL,
AGAGE, CSIRO, NIES, and Tohoku University.

MACC-GHG Reanalysis Flux Inversion December 2009
MeanNZ0 Fluxes [gN /m2/monih] _ mean=000209  greens-sinks _ reds - sources
AW 10°W 0O'W 0'W W _O'w _20°W _O'€ 20°¢ 4O°€ 00 i3 108 e

Service type: 1(1:l:|mate forcing; Emissions and Vertical coordinate: Surface

Product family: Greenhouse gas I resollutlon: NS .

Parameter: N20 Data type: Reanalysis

Geographical area:
Links:

ATSR-DV global aerosol

Description:

Service status: Pre-operational

Global (-180, 180, -90, 90)
Plots Data access Contact us XML

<

Aerosol optical depth (AOD) retrievals at 555nm from AATSR on ENVISAT

Air quality and atmospheric

Service type: < Vertical

) composition coordinate: Column
Product family. Asrosol Time resolution:  Daily
Parameter: Total AOD Data type: Observations
Geographical Gjopa (180, 180,-90,90)  Service status:  Experimental
Links: Plots Data access Contact us XML

Global solar UV index forecast

Description:

1<

This senvice provides pre-operational daily forecasts up to § days for the total sky and
clear sky UV index.

Totslsky UV lodex

Service type:
Product family:

Parameter:
Geographical area:

Links:

D

0Ozone and Ultraviolet radiation

Radiation: React Vertical coordinate:

adiation; Reactive gas; 3 i .

Aerosol Time resolution: 3-hourly

UVindex Data type: Forecast
Service status: Pre-operational

Global (-180, 180,-90, 90)
Plots Data access Contact us XML



Validation activities

Monitoring atmospheric composition & climate Login | Site map | Print

‘ m Monitoring atmospheric C . Search Content Y
ac composition & climate Opciln | — — |

Home > Services = Air Quality & Atmospheric Compaosition > Verification of Regional Services >

Air Quality & Verification of Regional Services

Atmospheric Documentation
Composition validation Reports Validation
Verification of Global E-learning o
Craren The regicnal modelling systems are being validated on a 3-monthly basis. The validation reports are . .
available here: Mailing Lists

Scientific Field Operational Info

Campaign Support n Validation reports
Verification of Regional m
Services Quick-look verification pages Air Quality &
Validation reports Atmospheric

- The verification of the MACC-II Regional Air Quality services over Europe is based on comparisons with Composition
in-situ surface observations of the following air pollutants: ozone, nitrogen dioxide, sulphur dioxide, Climate Forcing
Reactive Gases carbon monoxide and PM10 aerosols. These hourly observational data are delivered to the MACC-II Ozone Layer & Ultra-
Aerosols project close to real-time. They are preliminary and not validated and can therefore not be used for Violet Radiation
European Air Quality checking compliance with air quality regulations or for any purpose other than the evaluation of MACC-II Solar Radiation
UV Index Regional Air Quality products. Detailed information can be obtained from the data owners.

Emissions & Surface

Ozone Layer Fluxes

co2 Forecast verfication against in-situ observations —

Maps of the forecasts of surface pollutants (ozone, nitrogen

Fire Monitoring dioxide, sulphur dioxide, carbon monoxide and PM10 aerosols)
produced by each of the 7 individual models or from the
ensemble on a 3-hourly basis, overlaid with in-situ observations
as coloured dots. Available for the past 30 days.

ACCESS
' CATALOGUE
Reactive Gases
Aerosols

European Air Quality

Analysis verfication against in-situ observations

Maps of the ozone analysis at the surface produced by each of
the 7 individual models or from the ensemble on a 3-hourly
basis, overlaid with in-situ observations as coloured dots.

15
Available for the past 30 days.
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Distributed data access

ECPDS

service

Product

ECMWEF catalogue
data
REWEE

services

S=ECMWF
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Two examples of delivery systems for the MACC
global datasets:

1. ECMWEF data servers

2. ECPDS data delivery

S ECMWF
O B S IVE WW I  EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 3 March 2015 17



Delivering global model results

* Hosting the global near-real-time and the reanalysis
dataset

* \ery capable of serving big volumes of data

e Services build on top of existing and upcoming ECMWF
systems

e Most of the data is archived in MARS

* Data volumes: reanalysis 50 GB/day, 22 TB in total,
NRT dataset 200 GB/day, 2.5 years, 24 TB

* Not best suitable for data browsing and occasional /
light-weight data usage

S=ECMWF
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S ECMWF Home Myroom Contact |Search ECMWE Miha Razinger | Sign out

About Forecasts Computing Research Learning

Type of level .
MACC Reanalysis

Model levels

Select date

surf
rihbohis * Select a date in the interval 2003-01-01 to 2012-12-31

MACC Fields Start date: [2003-01-01 | End date: [2012-12-31 |

Near-realtime

- Select a list of months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Conditions of use
2003 2004

Job list N R EE R R EE R E R E- Y EEE R EERRRR
Batch access 5009 2010

FAQ

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Accessing forecasts

CRIS decodar Select All or Clear

Select time

—/00:00:00 0 06:00:00 /12:00:00 0 18:00:00

Ilor ¢

Select step
o Iz s e 1z s 1s 2 24
Select All or Clear

Select level and parameter
1000 925 850 775 700 600 500 400 300 250 200 150 100 70 50 30 20 10 7 5 3 2 1

Carbon
monoxide & @& & @ @8 § &8 @ 8§ @ § s §F§ s @§g§g @ @g§g @g@g g8 ¢ =

Divergence

Formaldehyde
GEMS Ozone

Geopotential




ecCharts components

Frontend SOA
Backend services

[—
=
[——]

Highly available end-to-end service is achieved by:

* Load balancing
e Distributed architecture

* Virtualization
e Service Oriented Architecture (SOA)

S~ECMWF
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ECMWEF data servers

* Frontend : JQuery & AJAX based web application
* Backend : Django web framework

e Catalogue of products & User preferences: MongoDB
collections of JSON documents

* Distributed Object Caching: Memcached

* SOA components : Bespoke python based framework (with
twisted)

* SOA services: mostly in Python and C.

e Data: From MARS (Retrieve to ingest on ecCharts data
clusters)

* Data cluster : Data replicated on standard Unix file system.
e Data access: Based on MARS language
 Data related operations : GRIB API

S=ECMWF
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ECPDS data service

e Serves NRT global, global BC and NRT GFAS data
streams

 FTP-push and —pull service

e suitable for large data transfers
e 24/7 monitored and supported
* High availability

* Load balance

* Per-dataset, per-user quotas

e Scalable

* User Account Management

* Monitoring Facilities

S~ECMWF
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successes

* Large and growing user
base, in general high level
of user satisfaction

 Multi-purpose catalogue:
data discovery, MD export,
portfolio documents, CSW

 Manage to remain flexible
when dealing with a
diverse set of datasets and
user requirements

e Use of JIRA issue tracking
system

S=ECMWF
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Some lessons

Prescribe (and police) format specification
and provide data format validators.
Distribute sample code if you want to be
certain

Provide better subsetting services to
reduce volume of data that needs to be
transferred (subareas, timeseries, vertical
profiles ...)

Value (and headache) of experimental
datasets

Exposing catalogue to web crawlers

\HECM W F EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 3 March 2015
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