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Surface albedo database changed to Kleipool £G08] from 17 February 2009
onwards.
Corrected product description for use of GOME-dasaprior to 17 February 2009.
In previous versions of this PSD, we erroneousiytimeed that the albedo dataset
used was from the GOME-database [Koelemeijer e2@03]. It should have been
TOMS/GOME-database.
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What's new in this Product Specification Document?
Data product version 1.02: known issue with avergdgernel values solved.
TroposphericColumnFlag raised for surface coverild snow/ice.

Version: 29 April 2008

What's new in this version of the Product SpectfmaDocument?
Known issue with stratospheric averaging kernali@sl(sections 2.2 and 3.4).
Updated information on the surface albedo usedi(se8.4)
Added Acknowledgments

Front cover figure monthly mean tropospheric N@olumn in March 2006 from OMI for cloud-free sitizans (cloud
radiance fraction <50%). The circles indicate theation of aircraft profiles over sea (white) aadd (black). Comparison
of coincident OMI tropospheric NOcolumns with those determined from in situ measems from the DC-8 aircraft.
Coincidences are labeled as in the left panel. va@rtbars are shown for illustration of the estirda@MI retrieval
uncertainty, and horizontal bars for illustratioitioe estimated uncertainty of the DC-8 measuremdatermined from in
situ measurement uncertainty and extrapolationnaggans. The dashed line represents the reducedrfaxgis regression
through all data with a slope of 1.4M.21 ¢? = 0.79). The solid line represents the reducednajis (RMA) regression for
situations when less than 30% of the DC-8 colunmieen extrapolated (diamonds) with a slope of 8.9917 ¢?=0.67).
From Boersma et al. [2008].



1 Introduction

1.1 Purpose and data product
This document specifies the DOMINO (Dutch OMI N@ata product, version 1.0.2.

The DOMINO algorithm at KNMI has produced a 4.5-asge(October 2004 — today) set of
OMI NO, data based on improved level-1b (ir)radiances.rbduct is available as data and
images througlvww.temis.nl For details on the DOMINO retrieval algorithmease read
Boersma et al. [2007].

The Dutch OMI NQ product is a post-processing data set, basedeomdist complete set of
OMI orbits, improved level-1b (ir)radiance datal(ection 3, Dobber et al. [2008]), analysed
meteorological fields, and actual spacecraft dete. better data coverage, the improved
calibration of level-1b data, and the use of aredysither than forecast data make the Dutch
OMI NO, product superior to the near-real time Nfata also available through
www.temis.nl The DOMINO product is the recommended producstentific use.

1.2 Relation to GOME(-2) and SCIAMACHY NO , data formats

The GOME, GOME-2, and SCIAMACHY data are availatkéedaily HDF4-files through
www.temis.nl In contrast, Dutch OMI N@data, version 1.0.2 are now available in the albit
HDF-EOSS5 (or HES) format. The main reason for th@gition from HDF4 to HDF-EOS5 is
to bring the DOMINO product in line with all oth&MI data products that are provided in
the HDF-EOSS format, at the expense of consistanitythe GOME and SCIAMACHY
heritage. Table 1 summarizes the differences betweeHDF4 and HDFEOS5 formats.

Table 1.Overview of differences between KNMI satellite N@oducts in the HDF4 and
HDF-EOS 5 data formats.

HDF4 HDF-EOS 5

GOME(-2), SCIAMACHY OMI v1.0.0 -- OMI v1.0.2

Daily files Orbital file

1-dimensional structure (time-ordered, folltitesgsatend 2-dimensional swath structure (time-orderedtimadi ticle
track) satellite ground track)

! For consistency with other TEMIS data productbijtet files are provided in a daily tar-file anww.temis.nl



2 Product overview

2.1 DOMINO = Level 2 product

The DOMINO data contains geolocated column integtdQ concentrations, or NO
columns (in units of molecules/énDOMINO data constitute a pure Level 2 produet, it
provides geophysical information for each and eygound pixel observed by the instrument,
without the additional binning, averaging or griaglitypically applied for Level 3 data. In
addition to vertical N@columns, the product contains intermediate ressiish as the result
of the spectral fit, fitting diagnostics, assimédtstratospheric N{rolumns, the averaging
kernel, cloud information, etc.

For advanced users, a second ‘profile’ file is madalable that contains geolocated
temperature and a priori N@rofiles at the exact pixel locations. Temperaamd NQ

profiles for each and every pixel are not includethe DOMINO product because most users
will not need it and we want to keep the size efEFOMINO files reasonable. Nevertheless,
the temperature and NQ@rofiles (from the TM4 chemistry-transport modabmplete the a
priori information used in the retrieval algorittommcompute the stratospheric NEplumns,

the air mass factors, and the temperature correflioersma et al., 2007]. This product will
be discussed in a separate document.

2.2 Version notes

This document applies to the Dutch OMI NO2 datadpot, version 1.0.2. This data product
is retrieved with collection 3 Level 1B data [Doble¢ al., 2008]. Collection 3 Level 1B data
are based on much improved instrument calibratararmeters that lead to much less across-
track variability, or stripes, in the OMI data ptads. It has therefore been decided to switch
off the a posteriori stripe correction in the DOMINetrieval algorithm. This stripe

correction has been in use in pre-version 1.0 Oddirfreal time products [Boersma et al.,
2007].

2.3 Row anomalies

Several row anomalies have occurred in the recastt fhese anomalies affect the quality of
the Level 1B and Level 2 data products. Please tleadformation on the website
(http://www.temis.nl/docs/omi_warning.html) cardfuprior to using OMI data. Please
respect the dates mentioned as the anomalies lcauered recently.

Anomaly 1.  Since June 25th, 2007, croaskiscenes 53-54 (0-based).
Anomaly 2:  Since May 11th, 2008, crosskracenes 37-44 (0-based).
Anomaly 3:  Since January 24th, 2009, crossktsaenes 27-44 (0-based).

Please be aware that for all other rows the d&afoptimal quality and not affected.
Also all OMI data before these anomalies are oinagitquality.

2.4 Product Identifier and file names

We follow the OMI Science Support Team conventismaich as possible for the DOMINO
product and use “OMDOMINO?” for the global produSimilarly, we follow the file name
convention specified in the HDF-EOS Aura File Fori@aidelines [2003]. DOMINO file
names will have 4 sections within the basis offtlkeename. Each section will be delimited by
anunderscoreThe suffix will follow the basis and be delimitegt a period. The four



sections in the basis are Instrument ID, Data Tija#a ID and Version. Thus, the filename is
constructed in the following way:

<InstrumentIlD>_<DataType>_<DatalD>_<Versiwn>.<Suffi

In Table 3 details the contents of the four sectiand the suffix are given. The following is
an example of a file name for the first orbit o@d&tober 2004:

OMI-Aura_L2-OMDOMINO_2004m1001t0003-001133nv08242084703.he5

This flename means measurement started on 1 Qc20i6d, 00:03 UTC, orbit 1132,
processed on 24 March 2008 at 18:47:03 UTC.

Table 3.Description of the different sections and theiguwf the file name.

Section Format Description

InstrumentID “OMI-Aura” ID for instrument arrdfspace
DataType “DOMINO” Product indicator

DatalD <start date and time>-o<orbit> Date arttioartors:

\'4

Date-time format: <yyyy>m<mmdd>t<hhmm
Orbit format: o<nnnnn>

Version v<version>-<production date and time> on indarators:
Version format <nnn>
Date-time format: <yyyy>m<mmdd>t<hhmmss>

Suffix “heb” Suffix for product file




3 The Data File

3.1 Description and format

TheOMI-Aura_L2-OMDOMINO _<yyyy>m<mmdd>t<hhmm>v808aayyyy>m<mmdd>t<hhmmss>.he5
files contain data on NQetrieved during one orbit. The format of the ddtais HDF-EOS

5. To ease the use of EOS Aura data sets, thetdanas have agreed to make their files

match as closely as possible. To this end, the faeaas have agreed on a set of guidelines

for their file formats, as described in HDF-EOS Aile Format Guidelines [2003].

The data file uses the HDF-EOS Swath format. Figusbows an example of the structure of
a DOMINO data file, when viewed using hdfview.

Figure 1. Structure of a DOMINO data file, when opened wittiview (publicly available
throughhttp://hdf.ncsa.uiuc.edu/hdf-java-html/hdfvieyv/

Figure 1 shows that the file contains a single bwgatucture named “DominoNO2”. This is
where all relevant retrieval data are stored. Mnatls structure consists of Data Fields and
Geolocation Fields, but we start with StructMetadatsince this holds information on the
size of the Data Fields and Geolocation Fieldg,ithbeing read in before the Data Fields and
Geolocation Fields are read in.

3.2 StructMetadata.O

The most important information stored in StructMietiz.0 are the DIMENSIONS. For a
DOMINO data file, there are four relevant DIMENSISNThese pertain to the number of
pixels across trackKtrack the number of measurements along tradkr(el the number of
corner points that specify the spatial extent pixal (nCornerpointsand the number of
pressure levels used in the air mass factor cdlonlénPressureLevgl3he contents of
StructMeadata.O are illustrated in Figure 2.

With the exception ohCornerpoinfalways 4), the dimensions may differ betweeneddnt
files. For instancayXtrack= 60 for nominal-model OMI measurements, bXtrack= 30 for
zoom mode measurememd.imess practically always 1644 (corresponding to 184g!
measurements along trackPressureLevels35 for the period 1 October 2004 — 31 January
2006, anchPressureLevels34 from 1 February 2006 onwards. This changeemumber of
layers originates from a transition(from 60 to 8¢drs) in the operational model ECMWF



meteorological fields as of 1 February 2006. Th&EMWF layers are merged into 34 rather
than 35 TM4 layers because this minimizes the heedterpolation.

Figure 2. lllustration of the main contents of the StructuMetadata (StructMetadata.0).

3.3 Attributes of the DominoNO2 Swath

An example of the Attributes of the DominoNO2 Swigtlgiven in Figure 3. The Attributes
are an important part of the file since they cangssential information on the versions of the
retrieval algorithm and retrieval input data.

NumTimerefers to the number of OMI measurements takemgatloe track (same agimes

in StructMetadata.Opata_versiaefers to the version of the retrieval algorithsed to
produce the DOMINO product. The subsequent datéj@®h 2008, is the date on which the
file has been produceBrocessing_mockders to the retrieval mode and is always “Anialys
(i.e. not “Near-real time”) for the DOMINO v1.0.5th.NO2_L2 _filefers to the input file

with NO, slant column and cloud information processed @QMI SIPS in Greenbelt, Md,
United StatesMETEO_DATArefers to the ECMWF meteorological input files dige the

TM4 assimilation step that generates a stratosphD, slant column and a priori NO
profiles and a temperature correction.

Figure 3. Attributes of the DominoNO2 swath (example forsten 1.0.1 data).



3.4 DominoNO2 Data Fields

The actual retrieved data in the DominoNO2 swaghfaund in Data Fields. Figure 4 shows
the first couple of Data Fields to give an idedhaf structure. In fact the swath holds 31 Data
Fields, ordered in an alphabetical fashion.

Figure 4. lllustration of the first 8 Data Fields of the DoraNO2 swath.

All 31 Data Fields are summarized in Table 4. Tifermation on a Data Field can also be
found in the Attribute of the Data Field. Theseristites are important since they provide
information on scale factors (needed to converwtiaes in meaningful numbers), the
physical units of the field, the source of the mfiation, and they provide interpretation for
the missing data values, flags, etc.

Table 4. The Data Fields

Name Type Dimensions Unit, scale| Description
factor
AirMassFactor 32-bit floating point | nTimes x nXtragk  NoUnits Total air mass factor
(HE5T_NATIVE_FLOAT) used to compute the
VCD (=SCD/AMF)
AirMassFactorGeometric 32-bit floating point nTimes x nXtragk  NoUnits Geometrical air mass
(HE5T_NATIVE_FLOAT) factor (eg. (3) in
Boersma et al. [2004])
AirMassFactorTropospheric 32-bit floating point nTimes x nXtrack  NoUnits Tropospheric aif mass
(HE5T_NATIVE_FLOAT) factor used to compute
vcdtrop = [scd-
scdstrl/amftrop)
AssimilatedStratosphericSlantColurB@-bit floating point nTimes x nXtragk molec.cm-2,Assimilated
(HE5T_NATIVE_FLOAT) lel5 stratospheric slant
column as described|in
Boersma et al. [2007
AssimilatedStratosphericVerticalQoRR¥bit floating point nTimes x nXtragk molec.cm-2,Assimilated
n (HE5T_NATIVE_FLOAT) lel5 stratospheric vertical
column as described|in
Boersma et al. [2007

2 The error on thassimilatedStratosphericSlantCislestimated to be 0.25 x fanolec.crif in all cases based on
observation-forecast statistics, as discussed imdAweet al. [2004, 2007].



AveragingKernel 16-bit integer nLayer x nTimeg NoUnits, 0.001 Averaging kernel as
(HE5T_NATIVE_INT16) x nXtrack described in Eskes and
Boersma [2003]
Cloud Fraction 16-bit integer nTimes x nXtragk NoUnits, 0j001  Effectivectiond|fra
(HE5T_NATIVE_INT16 as described in
Acarreta et al. [2004]
CloudFractionStd 16-bit integer nTimes x nXtragk NoUnits, 0j001  Effectivectiond|fra
(HE5T_NATIVE_INT16 precision as described
in Acarreta et al. [2004]
CloudPressure 16-hit integer nTimes x nXtragk hPa Effective cloud pressure
(HE5T_NATIVE_INT16 as described in
Acarreta et al. [2004]
CloudPressureStd 16-bit integer nTimes x nXtragk hPa Effective cloud pressure
(HE5T_NATIVE_INT16 precision as described
in Acarreta et al. [2004]
CloudRadianceFraction 16-bit integer nTimes x nXtragk  NoUnits (%)Cloud radiance fraction,
(HES5T_NATIVE_INT16 0.01 see Eq. (14) in
Boersma et al. [2004
GhostColumn 32-bit floating point | nTimes x nXtragk  molec.cm-2,TM4 vertical NO2
(HE5T_NATIVE_FLOAT) lel5 column between
surface and effective
cloud pressure,
following the definition
in Burrows et al. [1999]
InstrumentConfigurationid 8-bit unsigned chafactémes NoUnit Unique ID for
(HE5T_NATIVE_UINTS) instrument settings in
current swath.
MeasurementQualityFlags 8-bit unsigned chayact@émes NoUnit Bit level quality flags at
(HE5T_NATIVE_UINTS) measurement level.
See Table AX.
SlantColumnAmountNO2 32-bit floating point nTimes x nXtrack molec.cm-2,NO2 slant column from
(HE5T_NATIVE_FLOAT) lelbs DOAS fit
SlantColumnAmountNO2Std 32-bit floating point nTimes x nXtragk molec.cm-2,Precision of NO2 slant
(HE5T_NATIVE_FLOAT) lel5 column from DOAS fif
SurfaceAlbedo 16-bit integer nTimes x nXtragk NoUnits, | Priorto 17 February
(HE5T_NATIVE_INT16 0.0001 2009 surface albedo,
from combining TOMS
and GOME surface
albedo sets as
described in Sneep et
al. [2008]. The values
hold for 479 nm.
From 17 February
2009 onwardsurface
albedo from Kleipool et
al. [2008]. Values hold
for 471 nm.
TMA4PressurelevelA 32-bit floating point | nLayer Pa Input for TM4 pressure
(HE5T_NATIVE_FLOAT) levels, calculated as p =
a+p suld
TMA4PressurelevelB 32-bit floating point | nLayer NoUnit Input for TM4 pressure
(HE5T_NATIVE_FLOAT) levels, calculated as p =
a+p_sulf
TMA4SurfacePressure 32-bit floating point| nTimes x nXtragk hPa TM4 surface pressure
(HE5T_NATIVE_FLOAT) at the ground pixel
center, as used in AMF
calculation
TMA4TerrainHeight 16-bit integer nTimes x nXtragk M Surface elevation at
(HE5T_NATIVE_INT16 ground pixel center,
corresponding to the
TM4 surface pressure
TM4TropoPauselLevel 8-bit unsigned charpct€imes x nXtragk  NoUnit TM4 level where
(HE5T _NATIVE_UINTE) tropopause occurs
TerrainHeight 16-bit integer nTimes x nXtragk M Terrain height at ground

(HE5T_NATIVE_INT16

pixel center from high

resolution database




TotalVerticalColumn 32-bit floating point| nTimes x nXtrack molec.cm-2,NO2 total vertical

(HE5T_NATIVE_FLOAT) lel5 column (SCD/AMF)
TotalVerticalColumnError 32-bit floating point nTimes x nXtragck molec.cm-2,Error in the NO2 total
(HE5T_NATIVE_FLOAT) lel5 vertical column

(SCD/AMF), following
Boersma et al. [2004

TroposphericColumnFlag 8-bit character nTimes x nXtragk  NoUnits Flag to indicate when
(HE5_NATIVE_SCHAR) the retrieved
tropospheric column
unreliable. See

[7)

Appendix.
TroposphericVerticalColumn 32-bit floating point nTimes x nXtragk molec.cm-2,NO2 tropospheric
(HE5T_NATIVE_FLOAT) lel5 vertical column (SCDr
SCDstrat)/AMFtrop
TroposphericVerticalColumnError 32-bit floating poinnTimes x nXtrack  molec.cm-2,Error in the NO2
(HE5T_NATIVE_FLOAT) lel5 tropospheric vertical

column (SCD/AMF),
following Boersma et|al.

[2004]
TroposphericVerticalColumnModel 32-bit floating poinnTimes x nXtragk  molec.cm-2,NO2 tropospheric
(HE5T_NATIVE_FLOAT) lel5 vertical column
according to TM4
VCDErrorUsingAvKernel 32-bit floating point nTimes x nXtragk molec.cm-2,Error in NO2 total
(HE5T_NATIVE_FLOAT) lel5 vertical column w/o

profile error
contribution.

VCDTropErrorUsingAvKernel 32-bit floating pointnTimes x nXtragk  molec.cm-2,Error in NO2

(HE5T_NATIVE_FLOAT) lel5 tropospheric vertical
column w/o profile erfor
contribution.

Pressure grid

Every pixel has a unique 35-layer pressure grithib&ds the 35 pressure levels that have
been used to compute the averaging kernel. Theiequa convert th&M4Pressurelevel A
TM4PressurelevaelBATM4SurfacePressumto pressure levels (in Pascal) representativéhi®
layering of the averaging kernel is:

p = a + psurf >b (1)

There is a change ifM4PressurelevebdTM4PressurelevgiBr 1 February 2006elated to the
transition in the number of TM4 layers, as discdsseSection 3.2For detailed information on the
actual meaning of the various flags, we refer appendix.

Surface albedo
The surface albedo reported in the data file isrdeihed as follows.

Prior to 17 February 20009:

For consistency we use the surface albedo usdei@tO, retrieval [Sneep et al., 2008].

This is based on a combination of the 13-year TO®®rd (at 380 nm, Herman and Celarier
[1997]) scaled to 479 nm using the average ratibh®kpectral albedo’s from the 5.5-year

GOME-record [Koelemeijer et al., 2003], i05" Bugs 05" %. For a further description
a’380 a380

of this method, see Boersma et al. [2004].
From 17 February 2009 onwards:

Starting this date, surface albedo’s from the Olsliathase by Kleipool et al. [2008] at 471 nm
are used. The decision for this change has beeer mathe Q-O; retrieval team, and is

10



driven by the availability of the improved spatiasolution (0.5 x0.5) of the Kleipool et al.
[2008]-set and the fact that it has been inferrechfmeasurements by the same Ozone

Monitoring Instrument.

If an OMI pixel is situated within a grid cell di¢ albedo database, it gets the corresponding
value attributed (i.e. there is no spatial integtioh of the albedo data base). Subsequently,

there is interpolation in time: the center dayr@ month gets attributed the value given in the
albedo database, but all other days are lineatpol@tions in time between the two nearest

months. For instance the albedo on 17 Januarytésrdmed as follows:

a

S|

f :W1 aK01+W2 aKOZ

(2)

with wy = (29/29.5), anav, = (1/29.5),ax01, andakozthe values in the albedo database and
29.5 being the number of days between January d&abruary 14.5, the centers of these

months.

Whenever an OMI viewing scene contains snow orthas,is detected based on the NISE
[Nolin et al., 2005], and the albedo values fromM®GOME-database are being overwritten
with specific values, i.e. 0.6 for snow over lahdsuch situations, cloud retrieval is
attempted, but the retrieved cloud fraction andidlpressure are dubious at best. The
TroposphericColumnidagised in these situations (for version 1.0F2y. versions 1.0.0 and
1.0.1, theTroposphericColumniag not yet raised, and we recommend to handleesaeith
a GroundPixelQualityRalgie that indicates the presence of snow or itle utimost care in

these versions.

3.5 Geolocation Fields

The geolocation fields are stored in the Geolocafields group of the DominoNO2 Swath.
Table 6 gives a description of the Geolocationdsel

Table 5. The geolocation fields

our

ngle

&N

e

&N

scan

Name Type Dimensions Unit, scale factor Description
GroundPixelQualityFlag 16-bit integer nTimes x nXtrack NoUnits See Table A3
(HE5T_NATIVE_INT16) (1644 x 60)
Latitude 32-bit floating point nTimes x nXtrack Degrees Latitude of
(HE5T _NATIVE_FLOAT)(1644 x 60) groundpixel cente
LatitudeCornerPoints 32-hit floating point | nCorner x nTimes| XDegrees Latitudes of the {
(HE5T_NATIVE_FLOAT)nXtrack (4 x 1644|x corners of the
60) ground pixel
Longitude 32-bit floating point | nTimes x nXtrack Degrees Longitude of
(HE5T _NATIVE_FLOAT)(1644 x 60) groundpixel cente
LongitudeCornerPoints 32-bit floating point| nCorner x nTimes|*Degrees Longitudes of th
(HES5T_NATIVE_FLOAT)nXtrack (4 x 1644|x four corners of the
60) ground pixel
SolarAzimuthAngle 32-bit floating point | nTimes x nXtrack Degrees Solar Azimuth A
(HE5T_NATIVE_FLOAT)(1644 x 60) at WGS84 ellipsoi
for center ground
pixel, defined Eas
of-North
SolarZenithAngle 32-bit floating point | nTimes x nXtrackl Degrees Solar Zenith Ang
(HE5T_NATIVE_FLOAT)(1644 x 60) at WGS84 ellipsoi
for center ground
pixel.
Time 64-bit floating point nTimes (1644) S Time at start of
(HE5T_NATIVE_DOUBLE) (in TAI-93 format)
ViewingAzimuthAngle 32-hit floating point| nTimes x nXtrack Degrees Viewning azimut|

(HE5T_NATIVE_FLOA]

[)(1644 x 60)

angle at WGS84

11



ellipsoid for center
ground pixel,
defined East-of-
North

ViewingZenithangle 32-bit floating point | nTimes x nXtrack Degrees Viewing Zenith
(HE5T_NATIVE_FLOAT)(1644 x 60) Angle at WGS84
ellipsoid for center
ground pixel.

Time is given in the TAI-93 format, i.e. the numleéiseconds passed since 01-01-1993,
00:00 UTC. WGSB84 refers to the World Geodetic Sysdd, the commonly used reference
frame for the earth dating from 1984.

12



4. Remarks on total vs. tropospheric NO , columns

The tropospheric N©column is the principal DOMINO product. For histal reasons, an
additional total N@ column is retrieved and stored in the Swath Da&dE. This total N@Q
column {TotalVerticalColynimas been somewhat unfortunately defined as tieeahthe total
slant column and the total air mass factor. Forausgerested in the actual total atmospheric
column (integrated from the surface to the toptofi@sphere), we strongly discourage the
scientific use off otalVerticalColundie reason for this is that a total air massofaisttoo

crude a metric to resolve the intricacies of trggi@sic radiative transfer. As a matter of fact,
the subtleties involved in accurate radiative tfanfor species such as N@oncentrated in
the boundary layer, are the very motivation foriestl groups to explicitly separate the
stratospheric background signal from the slantroolibefore applying a pure tropospheric air
mass factor.

Therefore, for users interested in the total,@lumn, this quantity should be computed as
the sum of the tropospheric and stratosphericcadrtiolumns:

N, =N

Vv vtr

+ Ny g 3)

i.e., by taking the sum dfroposphericVerticalColanth theAssimilatedStratosphericVerticalColumn

13



5. The use of the averaging kernel

Two distinct user groups can be distinguished:su&t take our product ‘face value’, and
more advanced users working on extensive sciemiiifects doing model-to-measurement
comparisons and/or satellite validation studies.

(1) Basic users will be mainly interested in thaptyspheric column
TroposphericVerticalColangh its errofroposphericVerticalColumnp@&mdyor the total vertical NO
column (as defined in EqQ. (2)). These users mayn&iance want to qualitatively check
preliminary results of some field experiment witle retrieved N@columns.

(2) Advanced users may be interested in the reldteaween the (modelled or
measured) 'true’ vertical distribution of pl@nd the retrieved quantity. These users will want
to use the averaging kernel that provides thebitiveen (modelled) reality and retrieval (for
more details on the averaging kernel, read Eské®arrsma [2003]. For example, those
who are interested in a model — OMI comparison magt to map the modelled N@rofiles
via the averaging kernel to what OMI would retrigyés the 'retrieved' quantity) as follows:

y=A>X (4)

with A the averaging kernel, a vector specifiedlaayepressure levels (sections 3.2, 3.4) and
X the vertical distribution of NgXin partial subcolumns) from a chemistry-transpoadel

(or from collocated validation measurements) atsdn@enLayepressure levels. The user

thus needs to either convert his or her vertiaab¢slumn) NQ profile to the pressure grid of
the averaging kernel in order to construct a valtolumny as would be retrieved by OMI.

In principle, a user may also interpolate the ag@igkernel vector to the grid of his or her
However, since the averaging kernel is so senditivahanges on small spatial scales, for
instance due to rapid cloud changes, interpolaifdhe averaging kernel vector is
discouraged.

Users will often be interested in the troposphbii@;, load. For tropospheric retrievals (with
now the tropospheric column), equation (3) reduoes

ytrop = Atrop ><Xtrop (5)
with Aqop the averaging kernel for tropospheric retrievaéfined as:

wop = A x AME_ (6)
P AMF

trop

A

andxyop the profile shape for tropospheric levels (lewglgo level number
TM4TropoPauselLeaslspecified in the DataField). The pressureval lEM4TropoPauseLevel
does not necessarily correspond to the tropopa@ssyre but rather gives the pressure of the
layer in which the tropopause occurs accordingnéoWMO 1985 tropopause criterium.

For (tropospheric) applications using the averagiemel, the error iy will reduce to
VCDTropErrorUsingAvKainegle uncertainties on the a priori vertical N@ofile no longer
contribute. A user should be aware that he or kbald then no longer us&DTropErtor
because this error includes the profile error tdrat can now be discarded.
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Appendix

TheTropColumnFlasgthe most important error flag for users intezdsn the tropospheric
NO, column. TheTropColumnFlagraised if more than 50% of the radiance origgadrom
the cloudy part of a scene, or (from version 1dh@ards) if the scene is reported to be
covered with snow or ice. In the latter case, thecloud algorithm has difficulties
retrieving meaningful cloud parameters, which coonpises the N@retrieval. For users
interested in other data products than the actualtieved tropospheric column, the
MeasurementQualityKtagt applies to the slant column fitting), maydienterest. The
GroundPixelQualityFlags not represent an error flag, but merely plesinteresting
additional information on the viewing scene.

Table Al. Definition of theTropColumnFlag.

Value Description

0 Tropospheric column for more than 50% ddbgrobised/ed information.

-1 Tropospheric Column for more than 50% detgrfomeatd model parameter assumptio
(cloud radiance fraction > 50%), or snow/iéacen sur

-127 Missing data

One of the DominoNO2 Swath Data Fields isMeasurementQuality e relates to the
slant column fitting. Table A2 summarizes the polesentries and their description.

Table A2. Definition of theMeasurementQualityFlags

ed

Bit Name Description

0 Measurement Missing Flag Set if all Grouniv®althgRadiance Missing Flag.

1 Measurement Error Flag Set if any of the L1&wWatQualityFlags bit 0, 1or 3 are set foraheeRadi
for the used Solar product.

2 Measurement Warning Flag Set if any of the ufBridet@ualityFlags bit 0, 1, or 3 are sdR&alidinee or
for the used Solar product.

3 Rebinned Measurement Flag Set if L1B radiamosekt€asalityFlags bit 7 is set to 1.

4 4 SAA Flag Set if L1B MeasurmentQualityFlagsebitdl 0, ior the Radiance or for the us
Solar product

5 Spacecraft Maneuver Flag Set if L1B MeasurmElaguiiitl1 is set to 1, for the Radiantkeoused
Solar product

6 Instrument Settings Error Fla The Earth anstiSoentConfigurationIDs are not compatible.

7 Cloud Data Not Synchronized|Flag Set if radielocel @lata are not synchronized

The GroundPixelQualityFagvides information on the viewing scene. Thidiadnal
information is stored as a 16-bit integer, whosamigg can be retrieved with dedicated
software that will be provided omww.temis.nl Below are two examples of how the
GroundPixelQualityFhguld be interpreted:

65535 = fill value/missing data (all bits have heset)
25857 = Greenland ( 0110|0101 | 0000 | 0001 )

Here, bits 0-3 are 0001 representing a numeridabvaf 1 (2 is set, 2, 2%, 2* are not set), i.e.
Land. Bits 8-14 are 0110 0101, representing a nigaleralue of 101 (22%+2°+2°=101) i.e.
Permanent Ice .

Table A3. Definition of theGroundPixelQualityFlag.

Bit Description

0-3 Land/Water flags
0=Shallow Ocean
1=Land
2=Shallow Inland Water
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3=0cean coastline/Lake shoreline
4=Ephemeral (intermittent) water
5=Deep Inland Water
6=Continental Shelf Ocean
7=Deep Ocean

15=Error flag for Land/Water

Sun Glint possibility flag

Solar Eclipse possibility flag

Geolocation Error flag

o|o|o|~

-14 Snow/Ice flags [based on NISE]

0=Snow-free land

1-100=Sea ice percentage (%)
101=Permanent ice (Greenland, Antarctica)
103=Dry snow

104=0Ocean

124=Mixed pixels at coastline

125=Suspect ice value

126=Corners (undefined)

127=Error

15 NISE nearest neighbour filling flag
0=Not set
1=Set

InstrumentConfigurationID. Table A4 summarizes camnnnstrument Configurations.
Instrument Configurations 0-49 are ‘regular operagi, encountered since the start of the
OMI Nominal Operations Baseline on 8 October 2@xfore that date, OMI was in the
Launch and Early Orbit operations phase, whereiapealibration measurements have been
carried out. These special measurements with imemntConfigurationID values between
118-140, are not encountered during the OMI NomByrations Baseline.

Table A4. Overview of possible values farstrumentConfiguratican® their description.

Instrument Configuration Description

0 Global Tropical

1 Global Midlatitude
2 Global Arctic

7 Global Ozone Hole
42 Spatial Tropical

43 Spatial Midlatitude
44 Spatial Arctic

49 Spatial Ozone Hole
118 Central Tropical
120 Central Midlatitude
122 Central Arctic

124 Central Ozone Hole
126 Left Tropical

128 Right Tropical

130 Left Midlatitude
132 Right Midlatitude
134 Left Arctic

136 Right Arctic

138 Left Ozone Hole
140 Right Ozone Hole
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