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1. Introduction

The European project MACC constitutes the atmospheomponent of the GMES
programme. Th&ACC stratospheric ozone servicas available at

http://www.gmes-stratosphere.eu

Objectives

provide information on the current and historic letion of the total ozone column
provide validated, vertically resolved and glolmldded information on stratospheric
ozone

provide information on Antarctic and Arctic ozoneptetion

summarize information from satellite instrumentd amdel analyses to support
scientific ozone assessments

Service outline

The MACC stratospheric ozone serviceprovides near-real time satellite data, global
chemical analyses, forecasts, and reanalyses tfribiglata sets. The service is based on
satellite data from European and US instruments BOMGOME-1/2, MLS, OMI,
SCIAMACHY, SBUV/2 and MIPAS. Primary data producisver global total ozone column
densities and vertically resolved ozone mixingamtiUsing assimilation models, additional
information can be gained on ozone related substaand ozone depleting chemistry, e.g.,
chlorine activation via PSCs. Historic reanalysesec the time periods 1978 — 2008 (total
columns) and 1992-2010 (profile records). Daily raeal time products are produced based
on AURA, ENVISAT and MetOp instruments. The neatréime and historic products
include chemical analyses and forecasts with faiferédnt model systems: the MACC
Integrated Forecast System coupled to a Chemiealsport Model, either MOZART or TM5
(IFS-MOZART, IFS-TM5), the stratospheric 4DVAR chistry-transport models BASCOE
and SACADA and the Kalman-filter approach TM3DAM. hil¢ the main MACC
assimilation system makes concurrent use of sewdifldrent satellite data sets in the
assimilation procedure, the other systems focumdainidual retrieval products. Results from
these model systems are regularly compared in ¢od@rd the optimum model configuration
for the future operational GMES stratospheric ssvi



2. Description of the data streams and products

Near-real time level 2 satellite data (from GOME-QMI| and SCIAMACHY)
http://www.gmes-stratosphere.eu/4 NRT products/2 Saéeltata/

The DOAS method (Differential Optical Absorption égfroscopy) provides total column
ozone values based on the UV-instruments GOME-2| @M SCIAMACHY. Level-2 data,
i.e. geo-located footprints of TOC (Total ColumnoBe) values, is available in general
within 2h after observation. Complete global cogeras reached within 2 days with the
exception of regions lacking solar insolation (edgring winter time). Footprint size varies
depending on the instrument sensor and scanningaeastics (see Table 1). The DOAS
method consists of two basic steps: fitting theeobsd atmospheric UV-attenuation to a
suitable trace gas slant column, followed by thegotation of an Air Mass Factor (AMF) to
derive the vertical column density. The AMF is cddted using a radiative transfer model
starting from an ozone-profile a-priori and takimgo account additional constraints, e.g.
cloudiness. The final accuracy of TOC values wikrefore depend on the ability of the
(fitting) radiation scheme to match local atmospheonditions. Currently mean accuracy is
at the 3% level (compared to ground-based obsengtibut may vary considerably between
single data pixels.

Table 1: NRT level-2 satellite data services.
The one access point dittp://www.gmes-stratosphere.eu/4 NRT products/2 Saték data/ refers to the
remote pages at the side of the service providers (sservice link” below).

Service NRT NRT

name Total Ozone Column-I Total Ozone Column-II

Method DOAS (GDP-4.2) (D)f\)/lll-;s (TOSOMI for SCIAMACHY, OMDOAOQZ3 for

Service link http://atmos.caf.dlr.de/gome2 http://www.temis.nl/protocols/O3total.html

Parameters total column densities of O3 total column densitie©8f

Products HDF4 data and quick looks HDF4 data and quick looks

Input data TOC from GOME-2 TOC from SCIAMACHY, OMI

Temporal daily since 2007 daily since 2002 (SCIA), 2004 (OMI)

coverage

Spatial 80 x 40 km 32 x 215 km (SCIA), 13 x 24 km (OMI)

resolution

Scheduling Multiple updates per day Multiple updates per day

Validation data Groundbased TOC via WOUDC Groundbased TOC via WOUDC database
database

Estimated <3% <3%

accuracy

Contact person Diego Loyola (DLR) Ronald van der A (KNMI)

User O3SAF WMO




Near-real time ozone analyses and forecasts (by -MOZART/TM5, BASCOE, and
SACADA)
http://www.gmes-stratosphere.eu/4 NRT products/5 BrowsdsfloSnapshot maps/?l=at-050hPa

This service provides quasi-operationally assiredat3D stratospheric ozone analyses
combining satellite observations, meteorologicaadad chemical-transport modeling. Three
state-of-the-art four-dimensional variational (4Brivassimilation systems are employed: the
integrated MACC model system (ECMWF), BASCOE by ®elgian Institute for Space
Aeronomy (BIRA-IASB) and SACADA by the German Aepase Center (DLR) and the
Rhenish Institute for Environmental Research (RIU).

At ECMWF, ozone has been assimilated and forecastddRT since 1999, based on an
advanced Cariolle scheme. In the framework of thefean projects GEMS and MACC, the
IFS has been coupled to the MOZART-3 and TM5 chahti@nsport models leading to an
integrated model system which is able to simulate #recast reactive gases in the
troposphere as well as the stratosphere. Satallitgervations from NOAA/SBUV-2,
AURA/OMI, Envisat/SCIAMACHY and AURA/MLS are assitaied and the resulting
analyses are used as a starting point for a 4-alegdst.

Both 4D-Var assimilation systems BASCOE and SACApWvide mixing ratios of ozone

and chemical species related to ozone, but wherea8ASCOE assimilation is based on
AURA/MLS observations, the SACADA assimilation isaded on ERS-2/GOME and
MetOp/GOME-2 or Envisat/SCIAMACHY observations. BBOE is running operationally

since December 2009, SACADA since December 2007.

The chemical 4D-var data assimilation and soplastit chemical models allow obtaining the
best possible representation of the current chérsiate of the atmosphere.

Near-real time total ozone and total ozone forecést TM3DAM, but also as a side-

product of IFS-MOZART/TM5, BASCOE, SACADA)
http://www.gmes-stratosphere.eu/4 NRT products/5 Browks#sfd Snapshot maps/?src=TM3DAM

In the context of the GOFAP and TEMIS projects, KNNas developed a total ozone
forecast service, which is running operationallycsi 2000. This forecast was initially based
on near-real-time ozone columns of GOME, and latethe more recent ozone data from
SCIAMACHY. Daily ozone analyses are performed bsimdating SCIAMACHY, OMI and
GOME-2 satellite data with the stratospheric ozohemistry-transport model TM3-DAM.
Subsequently 9-day forecast runs are performetirggarom the ozone analyses and based
on ECMWF medium-range weather forecasts. The reutielivery of ozone forecasts was
continued within PROMOTE and has now been intedratethe MACC project. It has
already proven successful in forecasting, amontygrs, mini ozone holes over Europe, the
South Pole vortex and ozone hole break-up in Sdpte2002.

Besides this TEMIS and PROMOTE heritage, the pradiervices IFS-MOZART/IFS-TM5,
BASCOE and SACADA also provide total ozone columpraducts in NRT.



Table 2 Sub-service characteristics for the NRT seiwe: total ozone columns and/or vertically resolved prducts

Service name

NRT AN + FC by

NRT AN + FC by

NRT AN + FC by

NRT AN +FC by

MACC BASCOE SACADA TM3DAM
Method IFS-MOZART and IFS-TM5 BASCOE SACADA TM3DAM
htto://Www.ame http://www.temis.nl/protocols/O3gl¢
Service link http://www.gmes- stratosphere.eu/4 NRT products/9 http://wdc.dIr.de/data_products/SERbal.htm|
atmosphere.eu/d/services/gac/nrt : -VICES/O3_GL/ http://www.temis.nl/protocols/O3fo
Data_access/BASCOE.php
ecast.html
total column densities and mixing totgl column densities and mixing total column densities and mixing .
Parameters ratios of O3 and related species ratios of 03, NOx, HCI, HOCI, ratios of O3 and related species total O3 column density (DU)
HNO3, H20, N20
GRIB data via MARS retrieval and HDF4 data and quick-looks for monthlv mean HDE4 data
quick looks for single pressure levelsingle pressure levels (at 1, 50, and NetCDF data and quick looks for y ’
) : . oo ASCII overpass data for some 160
Products (strato: 50hPa) for 4 different 100 hPa) as well as total columns fosingle pressure levels in different - . .
Co . " ok stations, quick looks for 3 different
projections (global, NH, SH, ozone, for 3 different projections  projections rojections (global, NP, SP)
Europe) (global, NH, SH) Pro) 9 Y
SBUV-2, OMI, SCIAMACHY, GOME(-2) and SCIAMACHY nadir AN: SCIAMACHY, OMI and
Input data Aura/MLS Aura/MLS-SCI observations GOME-2
FC: SCIAMACHY
Temporal 3-hourly output 3-hourly output daily output at 12:00 daily output at 21:00
coverage 4d-forecast 8d-forecast 3d-forecast 9d-forecast
Scheduling -24h, 12:00 (1/day) -96h, 12:00 (1/day) -48h, 13D0ay) Oh (hindcast), 12:00 (1/day)

Validation data

Satellite data: ACE
Groundbased data:

GEOmon data (remote sensing
data) and ozone sondes

Satellite data: ACE
Groundbased data:

GEOmon data (remote sensing
data) and ozone sondes

GAW ozone sonde data

AN: ground-based ozone column
observations

FC: TC O3 forecasts T0+12,
TO+24, ... are validated against thd
(validated!) analysis at TO no
external data needed

AN: <5%

i : 0 .
Estimated tbd tod tod & ACC_> 60% during 7 days _
accuracy (with ACC=anomaly corr. coeff., i.g.

correlation between AN and FC)
Contact person Antje Inness Simon Chabrillat Frank Baier AN: Ronald van der A,

FC: Henk Eskes




Stratospheric ozone profile record (by IFS-MOZARBASCOE and SACADA)

This service provides (multi-year) historic recorofs assimilated 3D stratospheric ozone
analyses by the three state-of-the-art 4D-Var dkgion systems IFS-MOZART BASCOE
and SACADA. The stratospheric ozone data record providecheget systems will cover the
time period 1992 until today depending on availableservations and will include the
following reactive constituents: ONO,, HNO;, N,O, H,O, CH,, CIO,, PSCs. They will be
delivered as daily 12:00 analyses.

Total ozone record (by TM3DAM, but also as a sid®guct of IFS-MOZART, BASCOE,
and SACADA)

Currently, the most successful satellite ozone ne@® provided by the TOMS instruments,
available since end 1978. TM3DAM gratefully empldythis to set up a long-term record of
assimilated total ozone columns: the Multi Sensearklysis running for 1978-2008. Since
1995, also European spacecraft instruments have lmeg@ping global stratospheric ozone
uninterruptedly: ERS-2/GOME, Envisat/SCIAMACHY, Mgt/GOME-2. Together with the
series of SBUV instruments and EOS Aura/OMI, theyvpd a highly valuable dataset in the
constitution of a long-term total ozone record B3DAM.

As for the NRT service, the models IFS-MOZART, BASE, and SACADA also provide
multi-year total column products for the periodsaed in Table 3, besides the vertically
resolved products. However, contrary the TM3DAMvgss, covered time periods are shorter
and respective data products are not validated kespect to long-term consistency. Thus,
comparison of the different column products shdughlight model biases and/or instrument
issues.

12003-2009: based on NOAA/SBUV-2, EOS Aura/OMI, EauiSCIAMACHY, AURA/MLS
21992-1999: based on UARS/MLS, 2002-2004: based ois&MIPAS, 2004-2009: based on AURA/MLS
81996-2004: based on ERS-2/GOME and Envisat/MIPAS



Table 3: Sub-service characteristics for the histod data recordservice

Service

Total Ozone and Ozone Profile Total Ozone and Ozone Profile

Total Ozone and Ozone Profile

Total Ozone Records by

§

j=a

Records by Records by Records by

name MACC BASCOE SACADA TMSDAM
Method IFS-MOZART BASCOE SACADA TM3DAM

http://www.gmes-stratosphere.eu/ http://www.gmes-stratosphere.eu/ http://www.gmes-stratosphere.eu/ http://www.gmes-stratosphere.eu/
Service link 6_Reanalyses/3_Browse_ Plots/1 _M6_Reanalyses/Data_access/BASC(O6_Reanalyses/Data_access/SACADG_Reanalyses/1 _MSR_O3_columris

onthly averages/ E.php A.php 1979-2009/
Parameters total column densities and mixing total column densities and mixing total column densities and mixing total O3 column density (DU)

ratios of O3 and related species ratios of O3 and related species ratios of O3 and related species y

GRIB data via MARS retrieval and

quick looks for monthly mean fields NetCDF data and quick looks for HDF4 data, ASCIl overpass data fr

. . oo some 160 stations, quick looks for
Products at 50hPa (only level in stratosphere)HDF4 data single pressure levels in different . o
. L N different projections (global, NP,
for 2 different projections (global projections SP)
and Europe)
TOMS, SBUV,
Input data fﬁ_g\"z' OMI, SCIAMACHY, Envisat/MIPAS, UARS/MLS ERS-2/GOME, MIPAS GOME, SCIAMACHY, OMI and
GOME-2
1992-2009 (short interruption of a ) )
Temporal 2003-2010 few months in 2004, due to the lack 325’6 ;?siis 12 5258 :r?;)lssis at 12 (both UTC an
coverage 6-hourly analyses of suitable observational data) (only 199%/-1998 completed) Iocaﬁ time;l
6-hourly analyses y P

Scheduling version 1 (GEMS REA) available version 1 published version 1 partially published version 1 already available

version 2 (MACC REA) available

Validation data

Satellite data: TOMS, POAM, ACE

Groundbased data: HALOE, SAGE, POAM, ozone
GEOmon data (remote sensing datajondes

and ozone sondes

HALOE, ozone soundings of the
GAW network available via
WOUDC or NILU

ground-based ozone column
observations from GAW or NDAC(

: o ; -
Estimated na. 15%, height dependent 5./0 < rms <15% (height dependent) <5%

accuracy bias < 1%

Contact person Antje Inness Quentin Errera Frank Baier Ronald vemAd




OVERVIEW

Table 4 Summary of the stratospheric ozone servigaoducts
Service Products Model Contact person

Total ozone D. Loyola
NRT columns Level-2 ozone data n.a. R. van der A
R. van der A
Daily NRT global TM3DAM H. Eskes
total ozone columns )
Verticall Daily NRT mixing ratios of -IFS-MOZART  J. Flemming
resolved r?/d ded global stratospheric IFS-TM5
o dg + - BASCOE S. Chabrillat
ozone depleting compounds - SACADA F. Baier
L Long-term record of global
H::(t:%rr'gsl cglitrilnorzeocr:)er d total ozone TM3DAM R. van der A
(1978-2008)
- IFS-MOZART  J. Flemming
Vertically (2003-2010)
resolved gridded  Daily global stratospheric BASCOE Q. Errera
: > ) (1992-1999,
fields 0zone mixing ratios 2002-2004)
(reanalyses) - SACADA F. Baier
(1996-2003)

. . - TM3DAM H. Eskes
Additional  Daily follow-up :
monitoring of the NH/SH Ozone hole area/depth IBF,ichl;oozé RT é @E?bnr}llg

tools ozone layer - SACADA 'E Baier
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3. Quick overview of the site  http://www.gmes-stratosphere.eu
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The MACC stratospheric ozone service currently deliers
the following products and information:

NEWS
Latest news
Archive gathering older news items

NRT PRODUCTS
Level 2 satellite products - total ozone columns
Detailed description of the different assimilatimodels
A browsing tool to browse all available global snapshot
maps and time series of ozone and ozone-tekgtecies
for the different assimilation models, at stde pressure
levels as well as total columns (for ozone)
A snapshot comparison toois at your disposal to allow
for an easy comparison of up to 4 differenstemns,
species, levels, map projections and/or dates.
Information on the latest A(ntar)ctic ozone hadason
Evaluation of the NRT IFS-MOZART system of MACC
against independent systems and against isatell
observations

Data access to NRT data

REANALYSES
Ozone columns from the Multi Sensor Reanalysigetdag
the entire period 1979-2009
Similar browsing tool as for the NRT products, but now
showing monthly averages (lon-lat) and yeasywell as
total time series (time-lat) of the MACC rebsis
Evaluation of the IFS-MOZART reanalysis of MACC
against independent systems and against isatell
observations

Data access to historical datasets

MORE INFO
User guide
Evaluation reports
Contact information for people contributing to thebsite
External links to institutes involved in ozonegasch

Almost all pages can be reached immediately froeneft menu. Some pages contains direct
links to other pages. In order to keep track of iehgou are on the website, the active page
will be highlighted in bold in the left menu.



4. Some screen snapshots put in highlights

4.1. Browsing tool

Monitoring atmospheric composition & climate

z P ]
mac Monitoring atmospheric (G - {al
composition & climate nes {A oin KNMI
aeronomie.be

mm ABOUT THE PROJECT 45 1(#24 DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US -

> Ozone layer and UV > Ozone la;

Stratospheric ozone

service NRT analyses of ozone and ozone-related species
[ News |
Recent Model Global snapshots Zonally averaged time series

Archive

Satellite data
Models setup
[-] Browse plots BASCOE

3D R CE

Snapshot maps
Time latitude
Comparison tool
Ozone hole
[-] Evaluation
System
differences
Against satellite
obs

1FS-MOZART

MSR 03 columns

1979-2009

[-] Browse Plots
Monthly averages
Time latitude

[-] Evaluation
System

differences SACADA
Against satellite

obs

Data access

|__Moreinfo ]
Evaluation reports
Contacts
External links

TM3DAM

1202011 21:00

Figure 1: NRT products - Browse plots: overview of tie latest available global snapshots of total ozone for
each of the four independent models, as well as thetal time series updated until this date.

The main page of the “Browse plots” menu iteldR{_products > Browse plot3 gives an
overview of the latest available global snapshottatil ozone for each of the four
independent models, as well as the total time sarmated until this date. Following the
“model” links in the left column leads you to a aiétd description of each model. Clicking
on one of the global snapshots immediately brirms tp the browsing tool for the snapshot
maps with this plot as starting point (see secdoh.2). Clicking on one of the zonally
averaged time series brings you to the “time-ldétumaps (see section 4.1.3).

4.1.1. Browsing tool for snapshot maps

This browsing tool allows browsing all availablelgal snapshot maps of ozone and ozone-
related species for the different assimilation ni@dat selected pressure levels as well as total
columns (for ozone). On top of the page, thered&rect link to the entire time series of the
chosen model for the selected chemical constitaedtat the selected pressure level.



Monitoring atmospheric composition & climate

P s
mac Monitoring atmospheric f‘G‘ & - Vi ".l:?:
g composition & climate \ 2 P A or KN M

aeronomie.be

mm ABOUT THE PROJECT |IciTUits=-3]| DATA PRODUCTS | DOCUMENTS | EVENTS | CONTACT US -
Home > Services > Ozone layer =n

d UV > Ozone layer

Stratospheric ozone 5 5
service NRT analysis of ozone and ozone-related species for IFS-MOZART

[ Mews | —Zonally averaged time-series for IFS-MOZART
Bectnt IFS-MOZART [|[03 &) ‘at50nPa |1 plot per page & [global

Satellite data

Models setup

[-]1 Browse plots
Snapshot maps
Time latitude
Comparison tool

Ozone hole

[-] Evaluation
System

differences
Against satellite

obs

MSR 032 columns

1979-2009

[-]1 Browse Plots
Monthly averages
Time latitude

[-] Evaluation

god [pprm] by ECMWWE at 50 hPa

System
differences
Against satellite IF5 MO 2ART_MAT
obs
Data access 09-0Ct-201 1 00:00
s
Evaluation reports -
Contacts 0.5 1 1.5 b 2.5 3 35 4 45 5

External links
Link to this view (permalink) - Compare this plot

Figure 2: NRT products - Browse plots - Snapshot mapsrowsing tool allowing to browse all available
global snapshot maps of ozone and ozone-related speacfer the different assimilation models, at selected
pressure levels.

The dropdown menus allow you to choose (from tefight) the
assimilation system
IFS-MOZART, BASCOE, SACADA, or TM3DAM
A detailed description of each system can be fduyntbllowing the link in the title of
the page when the model is selected or by chedkiegiedicated page undedRT
products > Models setup

species
Depending on the chosen system, other specievaitalzde:
0 IFS-MOZART.: 03, NOx
0o BASCOE: 03, NOx, HCI, HOCI, HNO3, H20, N20
0 SACADA: 03, HCI, HNO3, H20
o TM3DAM: 03
level

We are showing results at 3 selected pressurestevel

0 1 hPa (upper stratosphere, +/- 48 km)

o 50 hPa (middle stratosphere, +/- 20 km)

o 100 hPa (lower stratosphere. +/- 15 km)

o total column (only available for O3) is considefeste as a “special level”

Note: For TM3DAM, we only have total O3 columns and restical information



number of mapsyou want to see simultaneously:

o0 1 plot per day

o 3x3 Mosaic (every 3 or 6h, every day, every 10 daysry month, every year)
projection

o global lon-lat maps

o south hemisphere (polar stereographic projection)

o0 north hemisphere (polar stereographic projection)

date
- Manually: the format of the dateygyy-mm-dd
- Using the browse buttons to find other dates

Go to first/last snapshot available
Go to previous/next day available

Go to previous/next time snapshot available

hour
o IFS-MOZART: 0, 6, 12, 18h
o BASCOE: 0,3,6,9, 12, 15, 18, 21h
0 SACADA: 12h
o TM3DAM: 21h

Below the snapshot map, you find two links:
Link to this view (permalink)
The permalink allows you to record the current viswnply right-click on it and
select "Copy link location" to copy the link to tbkpboard. It allows you to save
the link to the current figure for future referen@eg. in correspondence with
colleagues when discussing certain results.
Compare this plot
This links directly to the comparison tool with teelected plot as reference plot
(see section 4.2)

A similar tool is available for browsing monthly are maps of the main MACC IFS-
MOZART reanalysis run, for the total ozone coluras,well as ozone and NOx at 1, 50 and
100 hPa, on three different projections (see Big. 3

4.1.2. Browsing tool for time series

This page shows zonally averaged time seriestiiim® on the x-axis, latitude on the y-axis,
averaged over all longitudes) for the four assitistasystems, their available species at the 3
pressure levels as well as total columns for ozaselescribed above in Section 4.1.2. for the
entire period for which data are available (mergmbm the xlabel of the plot).

Similar to the page for snapshot maps,

- you can access model information by clicking ondiigpamically changing model
name in the title.

- you can immediately link back to the vertically sk®d fields (snapshots) for the
chosen system, the chosen species and the chesérBg default it will show the
last available snapshot map.

- it has a permalink underneath the figure to retfaénlink to the current view.
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A similar tool is available for the historic datats, more specifically for the main MACC
reanalysis, where you can browse the entire angigady time series plots for the total ozone
column and ozone at 1, 50 and 100 hPa, as prodiycHe5-MOZART (see Fig. 5).

Figure 5: Reanalyses - Browse plots - Time latitude:onally averaged time series of total ozone and ozone
at 1, 50 and 100 hPa for the main MACC reanalysis.

4.2. Comparison tool

The snapshot comparison toblRT products > Browse plots > Comparison togldisplays

up to 4 different plots on the same page, allovitngompare sources, species, layers and plot
types from different dates without having to opeultiple browser windows.

WARNING! This page was made for computer engineering armhtiftcc purposes, which
means that despite how the standard browsing systd@ves this tool could fetch unexisting
data and return dummy plots more often than youldv@xpect. Check out the minilog
section for more info. It has also been reporteat tiis tool could be slower on old
computers.

Overview

The page features 4 "views" that are numbered ffam3.
The view O (top-left) is the reference, while viéwtop-right),
2 (bottom-left) and 3 (bottom-right) are linkedttee reference
by a locker mechanism (see below).

To enhance the display speed, it is possible tgléog view by
ticking the appropriate box in the status bar.



The status bar

This is the small horizontal banner that is locaiadhe top of screen, its features might come
handy in many situation.

Clicking the MACC logo will take you back to thediex
The dropdown menu allows you to zoom in/out ondisplayed plots
You can uncheck the boxes to disable some plotsrapibve the rendering speed

The permalink allows you to record the current vieimply right-click on it and
select "Copy link location" to copy the link to thigpboard.

The minilog tracks the operations of plot loadifgy (more info check the description
below)

You can also toggle colorbar display (e.g.: to gaimdow space)

The lockers

The lockers allows you to easily switch multipldues at a time bjocking some parameters
on the reference plot at view 0.

A red locker () means that the selected field of the form is éatkits value will
automatically change as the main plot changes too.

s
A greenlocker (1+) means that the selected field is free: you alleabile to modify
its value anytime you want.

To switch between locker states you'll have tokatin the locker itself.
WARNING! If a locker is set on a value which is not avdaaffor instance if species are

locked and doesn't exist for the selected soutles) will return a dummy plot. Check out the
minilog to get more info on this.



The date locker

The date locker has a special behavior.

When you first lock the date, the dropdown menutlfier hours will automatically switch to
the main plot value but you'll still be able to nba its value.

Note that the and buttons wohdnge the auxiliary plot hours, the and
buttons will.

The minilog

The minilog keeps tracks of the last 25 actions tlzae been done since you first loaded the
page, each action being depicted as a line ofitexthe minilog. A minilog entry always
follows the same pattern: [Time][View][Status] Daption

Time : The local time when the action was executed
View : The concerned plot view (from 0 to 3)

Status : The status of the request

Description : A short description of the request

ERROR & UNAVAILABLE : What's the difference ?
There are two majors reason why a dummy plot cbaldisplayed. If all the parameters you
entered are right (if the chosen source actuabliysghose) but that, for some reason, the plot
hasn't been created at the date you entered, yght get arflUNAVAILABLE] statement.
On the other hand, if the parameters don't stigkttter you'll get afERROR] statement.
There are several types of errors:

time (...) out of range! This occurs when the given date and hour isobdihe range

of valid times for this series of plots.

(...) i1s not available at this layer!This occurs when the given species at the given
source is not available for the selected level.

(...) is not available for this source!This occurs when the given species is not
available for the given source.

Known issues
In some rare cases, a locked plot view might nlatae correctly. To fix it, you can
toggle the concerned view off and on (with the &hexes in the statusbar).
Depending on the browser and the network bandwaltielatively long delay may be
observed before the plots are drawn on the screen.

Examples

As we only have the intention to illustrate whae aome possible applications of this
comparison tool, we are not going into scientifiecdssion of these figures.

Example 1: Evaluation of the performance of IFS-MOZRT in comparison with
independent assimilation systems

In this example, we are comparing ozone at 50 hHRheasouth pole during the Antarctic
ozone hole season for the four available assimitatystems: IFS-MOZART, BASCOE,
SACADA, TM3DAM. Since TM3DAM is only available atlh, we changed the hour for
TM3DAM manually.



As we have only total ozone columns for TM3DAM, anumy plot is displayed in view 3
(lower right). The minilog displays the message
[11:50:13] [3][ERROR] TM3DAM 03 is not available #tis layer (at-050hPa)!

Note: In this example, only Source is free, allestharameters (i.e. Species, Layer, Ptype and

Date) are locked. To save space, the color bars hagn deselected. View is put on 60% to
clearly see all figures clearly on one window.

Figure 6: Comparison tool - Example 1: Evaluation 6the performance of IFS-MOZART in comparison
with independent assimilation systems.

Example 2: Comparison between the Antarctic and Arttic ozone hole 2011

In this second example, we are comparing the diineofgthe first real Arctic ozone hole, i.e.
ozone depletion event 2011 (right, 2011-03-26, mbemisphere) with the Antarctic ozone
hole later that year (2011-09-26, south hemisphienre)FS-MOZART. Source, Species and
Layer are locked, Ptype and Date are free to be tabthange hemisphere and date. Views 2
and 3 have been deselected in this case.



Figure 7: Comparison tool - Example 2: Comparison btween the Antarctic and Arctic ozone hole 2011

Example 3: Evaluation of the ozone hole on thelof October 2011

Figure 8: Comparison tool - Example 3: Evaluation 6the ozone hole on the%1.of October 2011



In this third example, we are comparing global shaps of O3, HNO3, N20, and HCI at
50hPa close to the Antarctic ozone hole maximum tfn £' of October 2011), using
BASCOE. The idea is to evaluate the current statth® atmosphere at this layer: ozone
depletion, denitrification, deactivation of chlogin.?

In this case we leave only Species as a free paeams all species have different data
ranges, it is preferred to show all color bars.

4.3. Ozone hole

Under “NRT products - Ozone hole”, we provide imf@ation on the latest Antarctic and
Arctic ozone hole. It includes, among others, mew@owing the evolution of the ozone
depletion in that particular ozone hole seasonasutic ozone hole characteristics such as
minimum ozone column, size of the ozone hole aedatmount of ozone loss are updated in
quasi real time (provided by KNMI).

Figure 9: NRT products - Ozone hole: gives informatiorabout the latest Antarctic and Arctic ozone hole
events.



4.4, Evaluation of MACC products

Both for NRT and historic products, we aim at hgvihe following three different types of
evaluation online:

Evaluation against independent models (i.e. sysliéfierences)
Evaluation against satellite observations
Evaluation against groundbased observations

Currently only the first two are available online.

4.4.1. System differences
The figures currently displayed on the website sliosvrelative differences between the IFS-
MOZART and BASCOE NRT products, allowing for a pmghary evaluation of the NRT
stream. Figures for O3 are updated in quasi nedrtirae, while those for NOx are not yet
updated automatically.

Figure 10: Comparison between time series of IFS-MOZAR and BASCOE NRT ozone, as well as the
relative difference between both of them, for thedtal column and vertical slices at 1, 50, and 100 hPa



4.4.2. Evaluation against satellite observations

For NRT products as well as for the MACC reanalygm can find some non-operational
validation results online under “NRT-products/Rdgseas — Evaluation — Against satellite
obs”.

Figure 11: Non-operational validation of the MACC dratospheric ozone service against satellite
observations.

4.4.3. Evaluation reports

Under “More info — evaluation reports”, you candireports of more thorough evaluation for
particular case studies.

5. Validation results

For validation results, check out the online evadunareports at
http://www.gmes-stratosphere.eu/8 More info/l Eatdun reports/




6. Glossary of abbreviations, acronyms, names and |  inks

BASCOE

BIRA-IASB

DLR

EC

ECMWF

EU
FP7

GAS

GMES

IFS

KNMI

MACC

MOZART

SACADA

SLA
TM3DAM

Belgian Assimilation System for Chemical ObsErvation
http://www.bascoe.oma.be/

Belgian Institute for Space Aeronomy
http://www.aeronomie.be/

Deutschen Zentrums fir Luft- und Raumfahrt
http://www.dIr.de

European Commission
http://ec.europa.eu/

European Centre for Medium-range Weather Forecasts
http://www.ecmwf.int/

Europe, European, European Union

Seventh Framework Programméthe EC
http://ec.europa.eu/research/fp7/

GMES Atmospheric Service
http://www.gmes.info/pages-principales/servicestaphere-monitoring/

Global Monitoring for Environment and Securifgint initiative of the EC and ESA
for the establishment of a European capacity fottE@bservation
http://www.gmes.info/

Integrated Forecast System

Koninklijk Nederlands Meteorologisch Instituut
http://www.knmi.nl

Monitoring Atmospheric Composition and ClimateP7 project (June 2009 —
December 2011)
http://www.gmes-atmosphere.eu/

Model for OZone and Related chemical Tracers
http://www.acd.ucar.edu/gctm/mozart/

Synoptic Analysis of Chemical constituents by AdedriData Assimilation
http://www.eurad.uni-koeln.de/index_e.html?/forsofpmojekte/sacada_ver_e.html

Service Level Agreement

Data Assimilation Model based on Tracer-tnamgt Model version 3



