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1. Introduction

1.1 Purpose and Scope

The purpose of the GDPS Input/Output Data Specification (IODS) is to specify:

- all input files that are required for the on-ground processing of the OMI LO data to L1B data
- all Level 1B (L1B) Data Products, their formats and the corresponding metadata that are
generated by the GDPS

- all other output files and intermediate files that are generated

- the production rules that are required for nominal, automated processing of Level 0 PDS, EDS
and RBDS data

The input files, intermediate files and output Data Products are described in terms of their:

- Short name and Long name

- Filename convention

- Description (e.g. purpose)

- Format (i.e. HDF-EOS, ASCII)

- Source (e.g. KNMI, DAAC, EDOS, OSIPS) (if applicable)

- Destination (e.g. KNMI, DAAC, OSIPS) (if applicable)

- Granule

- (Estimated) size

- Contents

For Format and Contents, references to documents that contain detailed information are provided
where possible or applicable. For the Level 1B products and the Operational Parameters File (OPF)
detailed descriptions of the format and contents are provided in Volume 2 and Volume 4 of the IODS
respectively.

The 10DS consists of the following volumes:

- Volume 1: Overview, Input, Intermediate and Auxiliary Output files; This volume describes all
the input files, the intermediate files (e.g. files that are shared between the executables that make up a
PGE), and all output files, except for the OPF and Level 1B output files. The Level 1B output files are
described in:

- Volume 2: Level 1B Output products and Metadata; This volume describes in detail the format
and contents of the Level 1B Output products that are generated by the GDPS.

- Volume 3: Production Rules; The Production rules specify for the various operational
scenarios which files are required as input, which files will be produced as intermediate as well as
output files, which runtime parameters should be supplied and which executable should be run (and
how).

- Volume 4: Operational Parameters File Specification; This volume describes in detail the
format and contents of the Operational Parameters File, which contains settings, conversion and
correction parameters for the algorithms in the GDPS.

Note that the IODS only covers the normal operational scenarios of the OMI LO to L1B data
processing software. Scenarios for development and testing purposes are not covered by this
document.

A list of general abbreviations, acronyms, and definitions is included in Volume 1 only. Each Volume
provides additional information on purpose and scope as required.

Purpose of this volume of the IODS is to provide a clear view of the OMI Level 1B Data Product format
for its users, e.g. Level 2 software developers.

The OMI-EOS is an Earth viewing imaging spectrograph. It has two optical channels both having a two
dimensional detector (CCD). One dimension of the CCD is used to register a spectrum and the other
to register the viewing direction. The field-of-view in the viewing direction is very large (114°) and this
is used for swath registration perpendicular to the flight direction of the satellite.

Dutch Space B.V. is domiciled at Leiden, Trade register Leiden, nr. 28086907 <SD467_IODS_Vol_2_issue8.doc>
Office address: Newtonweg 1, 2333 CP LEIDEN, The Netherlands 7
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The two optical channels cover the UV (270 - 380 nm) and visible (350 - 500 nm) wavelength ranges.
The UV channel is optically separated into two sub-channels to decrease stray light in the extreme UV.
The sub-channels are UV-1 (270 - 314 nm) and UV-2 (306 - 380 nm). The UV-1 sub-channel is scaled
down by a factor two, meaning that both the spectral and spatial sampling distances are larger by a
factor two as compared to the UV-2.

The level 1B data set consists of 6 products: 2 global radiance products (one for each channel), 2
zoom-in radiance products (also one for each channel), one irradiance product and one calibration
product. All 6 level 1B products are implemented as HDF-EQOS files. For nominal (PDS) processing the
products have a granule size of one orbit. Each granule starts at S/C Midnight and ends at the next
S/C Midnight.

L1B products generated from LO EDSs or RBDSs may have a different granule size. These L1B files
are similar to nominal L1B files although some fields may contain fill values and not all metadata may
be present.

This document describes the products from all types of processing (PDS, EDS and RBDS processing)
unless denoted otherwise.

1.2 Applicability Statement

This document applies to the Launch Version 1-1-2 of the OMI Level 0-1B data processing software.

1.3 Document Structure

An overview and background of the OMI Level 1B data products are provided in section 3. This
section also addresses some specific areas that require attention. Section 4 describes in detail which
data structures and fields are included in the OMI Level 1B data products. Details on the fields are
given in section 5. The flags that are used in the OMI Level 1B data products are described in a
separate section, 6.

Example of source code to read the OMI Level 1B data products are provided in section 7. This
section includes both a Fortran as well as a C code example. Section 8 is the metadata specification
of the OMI Level 1B data products.

Dutch Space B.V. is domiciled at Leiden, Trade register Leiden, nr. 28086907 <SD467_IODS_Vol_2_issue8.doc>
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3. OMI Level 1B Product Overview

3.1 Overview of measurement types

The OMI L1B Data products are generated by the OMI L0-1B Ground Data Processing Software,
GDPS for short. OMI uses two channels, each equipped with a CCD detector for data acquisition.
Each two-channel CCD image is processed in the GDPS as a single measurement. As a result of the
different modes in which OMI can be operated, the GDPS supports different types of measurements,
described in Table 3-1.

Measurement Description ‘

Type

Earth Earth radiance measurements. The measurements contain earth radiance spectra
(in the CCD column direction) of a line of ground pixels (in the CCD row direction)

Sun Solar irradiance measurements. The measurements contain solar irradiance
spectra (in the CCD column direction) for all of the CCD rows.

WLS Calibration measurement using an internal White Light Source.

LED Calibration measurement using internal LEDs.

Dark Calibration measurement, where the CCDs are not illuminated.

Unknown Measurements that could not be categorised as any of the above, for example due
to invalid instrument settings.

Check-out Measurements that were taken as part of the instrument check-out and functional
test procedures.

Table 3-1 Overview of Measurement Types

3.2 Overview of Data Products

The GDPS can produce 6 types of L1B products:
Level 1B Radiance UV Global

Level 1B Radiance VIS Global

Level 1B Radiance UV Zoom-in

Level 1B Radiance VIS Zoom-in

ok 0N PR

Level 1B Irradiance
6. Level 1B Calibration

All of these products are formatted in HDF-EOS 2.7 (see [RD_21], [RD_22] and [RD_23] for format
descriptions on HDF 4.1r3 and HDF-EOS 2.7).

In the radiance products (OML1BRUG, OML1BRUZ, OML1BRVG, OML1BRVZ) only data from earth
measurements are stored. In the product (OML1BIRR), only data from (averaged) sun measurements
are stored. In the calibration product (OML1BCAL), data from all types of measurements (including
earth and sun) are stored.

The OMI L1B Calibration product is not intended for general use, but for expert use only, since it
requires detailed knowledge about the instrument and the way in which it is operated.

A more detailed overview of the files associated with the different products and their metadata is
provided in the following sub-sections.

Dutch Space B.V. is domiciled at Leiden, Trade register Leiden, nr. 28086907 <SD467_IODS_Vol_2_issue8.doc>
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3.2.1 Level 1B Radiance UV Global

Shortname

OML1BRUG |M  ECS Shortname

Longname

OMI Level 1B UV Global Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRUG_YYYYMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Radiance UV Global Product contains geolocated earth
radiances from the UV channel detector in the wavelength range of 270 to 380
nm. The product contains the measurements that are taken using the global
measurement mode and measurements that are rebinned from zoom-in
measurement modes.

Format HDF-EOS 2.7

Source Created by the GDPS executable

Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing

Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing

Size ~ 484 MB (estimated size per orbit), in case the file is generated
~ 483 MB estimated average size per orbit (the average includes orbits for
which the product is not generated)

Applicable to M PDSProcessing | EDS Processing | RBDS Processing

Contents The contents of this file are described in detail in the remaining sections of this
document.

Shortname OML1BRUGD |00 ECS Shortname

Longname .met file for OMI Level 1B UV Global Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRUG_YYYYMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4.met

Where the YYYYmMMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlD field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII / ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.2.2 Level 1B Radiance VIS Global

Shortname

OML1BRVG |M  ECS Shortname

Longname

OMI Level 1B VIS Global Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRVG_YYYYMMMDDtHHMM-oNNNNN_VvVVV-
YYYYMMMDDtHHMMSS.he4

Where the YYYYmMMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Radiance VIS Global Product contains geolocated earth
radiances from the VIS channel detector in the wavelength range of 350 to
500 nm. The product contains the measurements that are taken using the
global measurement mode and measurements that are rebinned from zoom-in
measurement modes.

Format HDF-EOS 2.7

Source Created by the GDPS executable

Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing

Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing

Size ~ 565 MB (estimated size per orbit), in case the file is generated
~ 563 MB estimated average size per orbit (the average includes orbits for
which the product is not generated)

Applicable to M PDSProcessing | EDS Processing | RBDS Processing

Contents The contents of this file are described in detail in the remaining sections of
this document.

Shortname OML1BRVGD |00 ECS Shortname

Longname .met file for OMI Level 1B VIS Global Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRVG_YYYYMMMDDtHHMM-oNNNNN_VvVVV-
YYYYMMMDDtHHMMSS.he4.met

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlD field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII / ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.2.3 Level 1B Radiance UV Zoom-in

Shortname

OML1BRUZ |M  ECS Shortname

Longname

OMI Level 1B UV Zoom-in Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRUZ_YYYYmMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Radiance UV Zoom-in Product contains geolocated earth
radiances from the UV channel detector in the wavelength range of 270 to 380
nm. The product contains the measurements that are taken using spectral and
spatial zoom-in measurement modes.

Format HDF- EOS 2.7

Source Created by the GDPS executable

Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing

Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing

Size ~ 545 MB (estimated size per orbit), in case the file is generated
~ 18 MB estimated average size per orbit (the average includes orbits for
which the product is not generated)

Applicable to M PDSProcessing | EDS Processing | RBDS Processing

Contents The contents of this file are described in detail in the remaining sections of this
document.

Shortname OML1BRUZD |00 ECS Shortname

Longname .met file for OMI Level 1B UV Zoom-in Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRUZ_YYYYmMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4.met

Where the YYYYmMMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII / ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.2.4 Level 1B Radiance VIS Zoom-in

Shortname

OML1BRVZ |M  ECS Shortname

Longname

OMI Level 1B VIS Zoom-in Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRVZ_YYYYMMMDDtHHMM-oNNNNN_VvVVV-
YYYYMMMDDtHHMMSS.he4

Where the YYYYmMMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Radiance VIS Zoom-in Product contains geolocated earth
radiances from the VIS channel detector in the wavelength range of 350 to
500 nm. The product contains the measurements that are taken using spectral
and spatial zoom-in measurement modes.

Format HDF- EOS 2.7

Source Created by the GDPS executable

Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing

Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing

Size ~ 570 MB (estimated size per orbit), in case the file is generated
~ 18 MB estimated average size per orbit (the average includes orbits for
which the product is not generated)

Applicable to M PDSProcessing | EDS Processing | RBDS Processing

Contents The contents of this file are described in detail in the remaining sections of this
document.

Shortname OML1BRVZD |00 ECS Shortname

Longname .met file for OMI Level 1B VIS Zoom-in Geolocated Earthshine Radiances

Filename convention

OMI-Aura_L1-OML1BRVZ_YYYYMMMDDtHHMM-oNNNNN_VvVVV-
YYYYMMMDDtHHMMSS.he4.met

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII / ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.2.5 Level 1B Irradiance

Shortname

OML1BIRR |M  ECS Shortname

Longname

OMI Level 1B Solar Irradiances

Filename convention

OMI-Aura_L1-OML1BIRR_YYYYMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Irradiance Product contains the averaged measurements of
the solar irradiances from both the UV and VIS channel detectors over a single
solar observation in the wavelength range of 270 to 500 nm (UV and VIS
channel).

Format HDF- EOS 2.7

Source Created by the GDPS executable

Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing

Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing

Size ~ 2 MB (estimated size per orbit), in case the file is generated
<1 MB estimated average size per orbit (the average includes orbits for which
the product is not generated)

Applicable to M PDSProcessing | EDS Processing | RBDS Processing

Contents The contents of this file are described in detail in the remaining sections of this
document.

Shortname OML1BIRRD |00 ECS Shortname

Longname .met file for OMI Level 1B Solar Irradiances

Filename convention

OMI-Aura_L1-OML1BIRR_YYYYMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS .he4.met

Where the YYYYmMMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII / ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.2.6 Level 1B Calibration

Shortname

OML1BCAL |M  ECS Shortname

Longname

OMI Level 1B Calibration

Filename convention

OMI-Aura_L1-OML1BCAL_YYYYmMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionlID field (from the MCF).

Description The OMI Level 1B Calibration Product contains calibration parameters and
measurements from both the UV and VIS channel detectors.
Format HDF- EOS 2. 7
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size ~ 100 MB (estimated size per orbit), in case the file is generated
~ 100 MB estimated average size per orbit (the average includes orbits for
which the product is not generated)
Applicable to M PDSProcessing | EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this
document.
Shortname OML1BCALD |0 ECS Shortname
Longname .met file for OMI Level 1B Calibration

Filename convention

OMI-Aura_L1-OML1BCAL_YYYYMMMDDtHHMM-oNNNNN_vVVV-
YYYYMMMDDtHHMMSS.he4.met

Where YYYYmMMDDtHHMM denotes the granule

start time (from PCF), YYYYmMMMDDtHHMMSS denotes the production date
and time, NNNNN is the orbit / granule number (from the PCF), VVV is the
VersionID field (from the MCF).

Description Contains the metadata for the corresponding product
Format ASCII/ ODL
Source Created by the GDPS executable
Destination DAAC for PDS Processing
KNMI for EDS and RBDS Processing
Granule 1 Orbit for PDS Processing
1 SCS for EDS and RBDS Processing
Size <1MB
Applicable to M PDSProcessing |M EDS Processing | RBDS Processing
Contents The contents of this file are described in detail in the remaining sections of this

document.
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3.3 L1B Swath Types

All scientific data in the OMI Level 1B products are written in the HDF-EOS Swath data type. The
HDF-EOS Swath data type is well suited for a series of scans perpendicular to the ground track of the
satellite as it moves along that ground track. The Swath data type contains data fields for geolocation,
scientific data and attributes.

For the OMI L1B data products, three basic types of swaths are identified: measurement swaths,
calibration swaths and spectral calibration swaths. Measurement swaths contain the measured data
for Earth (radiances), Sun (irradiances), LED, WLS and Dark measurements. Calibration swaths
contain other results that are calculated during the calibration: e.g. offset data. Spectral calibration
swaths are used to store the result of the spectral calibration algorithm.

Measurement Swaths are written to all types of OMI L1B Products. Calibrations Swaths and Spectral
Calibration Swaths are only written to the OMI L1B Calibration product.

Note that Level 2 developers do not need the Level 1B calibration product to generate Level 2
products.

3.4 Measurement Science Data

For Earth and Sun measurements, the science (pixel) data of the sub-channels UV-1, UV-2 and VIS
are written to the products. For the calibration measurements, the complete CCD readouts (including
areas on the CCD which are intended for calibration purposes and which are outside the area normally
used by the spectrometer) for both channels (UV and VIS) are written to the output product.

Note that measurements within a swath are not required to be time continuous. It is possible that a
gap is present between measurements, e.g. due to the instrument being operated in a mode for which
measurements will be written to a different output product or swath.

When no data is available for a product it will not be created.

In order to limit the size of the output products, measurement science data can be stored as a 16 bit
mantissa and an 8 bit exponent, rather then using a 32 bit floating point variable. This applies to both
the signal (i.e. radiance for earth measurements, irradiance for sun measurements and signal for all
other measurement types) as well as the precision that is stored with the signal. For the precision, the
same exponent is used as the signal. To calculate the signal and precision from the mantissas and
exponent, use the following equations:

Signal = signa| _ mantissa _1Oexponent
precision = precision _mantissa - 10"

where:
signal The calculated signal
precision The calculated precision for the signal
signal_mantissa The mantissa for the signal as stored in the output product
precision_mantissa The mantissa for the signal as stored in the output product
exponent The exponent as stored in the output product
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IMPORTANT: Note that the GDPS does not support features such as sub-normal numbers and / or
gradual underflow, for this type of output. As a result, data with an absolute value of 3277.10™’ or less
will be set to zero (stored with mantissa = 0 and exponent = 0) and data with an absolute value of
32760.10™" or more as well as NaN values will be set to fill value (both mantissa and exponent stored
with fill value).

For signals that cannot be produced by the GDPS, for example because of processing errors, fill
values are used for both the mantissa and the exponent too.

The default output format for the science data is using mantissa/exponent for the Radiance and
Calibaration product, and using both mantissa/exponent and float for the Irradiance product. These
defaults can be overridden by the runtime parameter ‘1409| OutputOptions’.

3.5 Small Pixel Columns

Each measurement swath contains multiple (nTimes) measurements of the same type. For most of
these measurements there is — apart from the normal spectral pixels — small pixel column data (see
[AD_01] and [RD_12] for a more detailed explanation of small pixel columns). The small pixel column
data is written to the SmallPixelRadiance / SmallPixellrradiance / SmallPixelSignal fields in the
measurement swaths. Similar to normal ground pixels, small pixel columns are also subject to
rebinning by the GDPS (see section 3.6 for an explanation of rebinning).

The field NumberSmallPixelColumns (stored nTimes) described how many small pixel columns are
written for each measurement in a swath. In case this field is set to 0, the measurement was set-up
with no or invalid small pixel column selected and no small pixel columns will be written to the
SmallPixel* fields. If a valid small pixel column is selected the NumberSmallPixelColumns will be equal
to the number of co-additions (See [AD_01] and [RD_12] for an explanation of co-additions).

Since the number of co-additions (and thus NumberSmallPixelColumns) can change per individual
measurement, it is not possible to have a single dataset in the swath with nTimes * nXTrack *
NumberSmallPixelColumns extents. Instead, small pixel columns for all measurements in a swath are
written to a dataset which has the extents nXtrack * nTimesSmallPixel. Here, nTimesSmallPixel is
equal to total of all NumberSmallPixelColumns for all measurements in the swath. This is illustrated in
Figure 3-1.

Index (Along NumberSmall
Track / nTimes) | PixelColumns

0 5

1 5 —_——
2 4

3 0 —_ —
4 4

: — ]

—A e A A A

«———  |oXid|lewssawiju

< nXTrack >

Figure 3-1 Storage of Small Pixel Column Data

The small pixel columns are written in the order as the measurements are processed by the GDPS,
i.e. time ordered. Small pixel columns will not be written to swaths for the UV-1 sub-channel.
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3.6 Earth Measurement specific issues

Earth (radiance) measurements are written to the radiance product(s). Each measurement contains
spectra for a single "scan-line", a set of ground pixels, cross track. The instrument allows to average
several ground pixels into one (called "binning"), to reduce noise and data rates. The number of
ground pixels that is averaged is specified by the "binning factor", which is set by the instrument
operations team. If an earth measurement is taken with global settings (i.e. binning factor 8), the
measurement is written to the OML1BRUG and OML1BRVG products.

If the measurement is a zoom-in measurement (binning factor other than 8), the measurement is
written to the OML1BRUZ and OML1BRVZ products. In case of a binning factor of 4, 2 or 1, the
measurement will be rebinned by the GDPS to binning factor 8 (by averaging the radiances) and this
rebinned measurement will also be written to the global products OML1BRUG and OML1BRVG. The
rebinning by the GDPS ensures that the zoom-in measurements are written in the global products with
the same spatial sampling as global measurements.

Figure 3-2 shows an example of the spatial coverage of measurements before rebinning. In this figure,
nTimes is in the direction of along-track (flight direction) and nXtrack (read number cross track) is
perpendicular to the flight direction (i.e. comparable to a scan-line). The measurement for nTimes = 0
is the first measurement in the orbit / granule. That is, measurements are written in time-order.

A

Binning Factor 8
Normal (global) measurements

[¢—— 60 Ground Pixels———p»

Binning Factor 4
Spatial zoom-in
measurements

wiu

€——60 Ground Pixels—————p»

Binning Factor 8
Normal (global) measurements

|¢—— 60 Ground Pixels———— P

< nXtrack:

Figure 3-2 Example of Spatial Coverage for Zoom Measurements?

1 In this figure, the extents for nXtrack are examples — in the output products, the number of ground
pixels can vary from swath to swath.
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The rebinning of the spatial zoom-in measurements is further illustrated in Figure 3-3. The 60 ground
pixels for these measurements are downscaled to 30 by averaging 2 pixels to 1, as is indicated by the
light grey area of Figure 3-3. The pixels are also shifted so that the first ground pixel is always at index
0 of nXtrack in the swath. The remaining 30 pixels are filled with Fill Values and will have the “missing
pixel” flag set in the pixel quality flags.
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A

Figure 3-3 Example of Rebinned Zoom Measurements?

For spectral zoom-in measurements typically all ground pixels will be available, but not all wavelengths
will be present. The unavailable wavelengths will be set with fill values and will have the “missing pixel”
flag set in the pixel quality flags. If an entire sub-channel is unavailable, no measurement will be
written for that sub-channel.

2 In this figure, the extents for nXTrack are examples — in the output products, the number of ground
pixels can vary from swath to swath.
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3.7 Sun Measurement Specific Issues

During each solar observation a series of Sun measurements is taken. During each of these Sun
measurements the Sun illuminates one of the on-board diffusers over a limited elevation range. The
azimuth angle is determined by the season. All individual Sun measurements are written to the
calibration product (OML1BCAL) both processed (calibrated) as well as unprocessed (raw). At the end
of a run the GDPS averages all calibrated Sun measurements. All averaged calibrated Sun
measurements are written to the calibration product (OML1BCAL). The averaged calibrated Sun
measurements that are taken with Volume Diffuser and Binning factor 4 or 8 are also written to the
irradiance product (OML1BIRR).The irradiance product contains nXTrack observation-averaged solar
spectra (nTimes will be equal to unity, by definition).

For each of the individual solar irradiance measurements, a single spectrum is calculated from all the
rows using a bucket binning algorithm and written to the calibration product (OML1BCAL). This bucket
binned average is then averaged over the elevation angles as well, and written with the averaged
solar irradiance to the calibration product (OML1BCAL).

3.8 Wavelength Scales for Earth and Sun Measurements

OMI does not have a fixed wavelength scale that is equal for all of the ground pixels. This effect is
commonly referred to as the “spectral smile” from OMI and is illustrated by Figure 3-4, which shows
the UV-2 sub-channel when illuminated with a Spectral Line Source (SLS). Furthermore, the
wavelength scale can change slightly during a granule as the result of temperature changes.

Soenxu

A

nwave|——mMmM8M —————p

Figure 3-4 SLS measurement showing the spectral smile of OMI in the UV-2 Sub
Channel

Rather then storing individual wavelengths for each spectral pixel, the GDPS stores polynomial
coefficients that describe the wavelength scale for all the spectral pixels for a given ground pixel
instead. To calculate a wavelength use the following equation:

N-1

A :Z(i_iref)ch,q

q=

With the wavelength coefficients, also their precision is stored. To calculate the precision of a
wavelength use the following equation:
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U[ii,j = \/Nzl{(' ~i f G[Civq]}z

=0

In above equations:
i The index of the spectral pixel in nWavel direction, starting at 0

j The index of the spectral pixel in the nXTrack direction, starting at 0

[ The reference column, as written with each measurement in the swath

q Index number of the wavelength polynomial coefficient

N The number of wavelength polynomial coefficients, as written with each measurement
in the swath

Cig The wavelength polynomial coefficients, as written with each measurement in the
swath

Aij The wavelength for the spectral pixel (i,j) in nm.

ol dij] The precision of the wavelength for spectral pixel (i)

olCql The wavelength coefficient precision, as written with each measurement in the swath

3.9 WLS, LED and Dark (Calibration) Measurement Specific Issues

All calibration measurements (WLS, LED and Dark) are written to the calibration product
(OML1BCAL), processed as well as unprocessed (i.e. Raw level 0 ADC counts).

3.10 Flags in the L1B Output products3

The flags in the OMI Level 1B output products serve the following three purposes

1. inform the users of the data about the reliability of the information. This is especially important
when the data is used for Level 2 processing.

2. provide the (in-flight) calibration scientist with information to assess at a high-level the
performance of the instrument and/or the GDPS.

3. provide information for the purpose of Quality Assessment (QA).

Because of the desire to limit the size of the output product it is impossible to fulfil these three
purposes to their full extent. The total amount of information contained in the flags cannot be
optimised in the sense that every bit of information is contained in a specific flag. The scientists, who
will use the data for Level 2 processing, will make use of highly automated processing flows so that
the flags should be designed for that purpose. This implies that the flags should be kept simple to
avoid complicated processing options in the Level 2 software.

For data in the Level 1B product the user is mainly interested in the following information:

1. isthe data MISSING

2. isthe data not to be used (BAD quality).

3. was there an ERROR when the data was generated.

4. was an expected limit exceeded when the data was generated calling for a WARNING to the user.

When for data neither MISSING, BAD, ERROR or WARNING is assigned, a user should fully trust the
information contained in the data. Data with BAD or ERROR flags should not be processed to higher-
level data products. Data with WARNING flags must be inspected on whether the generated warnings
are relevant for a specific use of the data. The check limits for WARNING flags are set in the
Operational Parameters File (OPF) of the GDPS.

3 This section is taken from [RD_10] by courtesy of KNMI
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The flags can be found on four levels:

1. image pixel level (PixelQualityFlags)

2. ground pixel level (GroundpixelQualityFlags, XtrackQualityFlags)

3. measurement level (MeasurementQualityFlags)

4. granule level (Metadata)

: SD-OMIE-7200-DS-467
18

: 3 November 2009

: 24 of 69

For the available flags it is identified whether these fall in the categories MISSING, BAD, ERROR or

WARNING and then regrouped them according to these categories.

Chapter 6 will describe the PixelQualityFlags, GroundpixelQualityFlags, XtracQualityFlags and the

MeasurementQualityFlags. See chapter 8 for the Metadata description.
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4. Details of OMI Level 1B Product Formats

4.1 OMI L1B Product Contents

The OMI Level 1B products are formatted in HDF-EOS 2.7, which is based on HDF 4. Each of the OMI
Level 1B products contains a number of File Attributes and a number of Swath Data Sets. Note that
Swath Data Sets show up in HDF browsers as Vgroups containing other data sets such as Vtables
and Scientific Data Sets (SDS).

4.2 File Attributes

The File Attributes contain data that is written by the HDF-EOS library and Metadata.

No | Name Data Type  Description

1 HDFEOSVersion string Contains the version string of the HDF-EOS library
version, e.g. “HDFEOS_V2.7.2". Is automatically
generated by the HDF-EOS library.

2 StructMetadata.0 string Contains swath structure metadata in ODL format. Is
automatically generated by the HDF-EOS library.

3 CoreMetadata.0 string Contains ECS standard core granule metadata in ODL
format.

4 ArchiveMetadata.0 | string Contains ECS standard archive granule metadata in ODL
format.

Table 4-1: File Attributes

4.3 Swath Naming

This section will describe the naming of the swaths for the different output products.

4.3.1 Swath Naming for Global Radiance Products

The swath naming for the global radiance (UV and VIS) products is as follows:
“Earth " <channel_identifier>* Swath”

where:
<channel_identifier>: Can be “UV-1", “UV-2" or “VIS”

Example:
“Earth UV-1 Swath”

4.3.2 Swath Naming for Zoom Radiance Products

The swath naming for the zoom radiance (UV and VIS) products is as follows:
“Earth ” <channel_identifier>* Swath " <Size>

where:
<channel_identifier>: Can be “UV-1", “UV-2" or “VIS”
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<Size>: Format: “ (* <nXTrack> “x"” <nWavel> “x" <binning_factor>“)"
Example:
“Earth UV-1 Swath (121x361x4)”

4.3.3 Swath Naming for Irradiance Products

The swath naming for the irradiance products is as follows:

“Sun Volume ” <channel_identifier>* Swath”
where:

<channel_identifier>: Can be “UV-1", “UV-2" or “VIS”
Example:

“Sun Volume UV-1 Swath”

Note that only solar measurements with diffuser type “Volume” will be written to the Irradiance

Products.

4.3.4 Swath Naming for Calibration Product

The swath naming for measurement swaths in calibration products is as follows:

“Raw " op AVQ " opt" Checkout 7 oo <measurement_type> <fmm_setting>qp; <diffuser>qy;

“Storage " opt <Channel_identifier> “ Swath " <Size>

where:

“Raw ": This prefix is used for swaths to which unprocessed data (i.e. ADC counts) is written.

“Avg”. This prefix is used for swaths to which averaged irradiance is written.

“Checkout”: This prefix is used for swaths to which measurements are written that were
taken as part of the instrument check-out and functional test procedures.

<measurement_type>: Can be: “Sun ", “LED ", “WLS ", “Dark ” or “Unknown ”.

<fmm_setting>: Denotes the setting of the Folding Mirror Mechanism.

Can be: “FM " or “NoFM ". Folding Mirror Mechanism settings are only included for
Dark measurements.

<diffuser>: Can be “Regular ", “Backup " or “Volume ". Diffuser settings are only included
for Sun measurements and for Dark measurements that have a diffuser setting other
then “Transmission”.

“storage ": This is included in names of swaths for Dark measurements in which the contents

of the storage area of the CCD are stored.
<channel_identifier>: Can be “UV-1", “UV-2", “UV” or “VIS"
<Size>: Format: “(* <nXTrack> “x" <nWavel> “x” <binning_factor>*“)"
Examples:
“Dark FM Storage UV Swath (577x814x1)”
“LED UV Swath (577x814x1)”
The swath naming for calibration swaths in calibration products is as follows:

“Calibration " <channel_identifier>“ Swath”
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where:

<channel_identifier>: Can be “UV” or “VIS”
Example:

“Calibration UV Swath”

The swath naming for spectral calibration swaths in calibration products is as follows:

“Spectral Calibration ” <channel_identifier>“ Swath " <Size>

where:
<channel_identifier>: Can be “UV-1", “UV-2" or “VIS”
<Size>: Format: “(* <nXTrack> “x” <nWavel> “x” <binning_factor>“)".
The <nWavel> is equal to the number of wavelength pixels in the specified sub-
channel of the measurement. Although this is not really relevant here (ho wavelength
pixels are written), this value is included here for consistency.
Example:
“Spectral Calibration UV-1 Swath (29x159x8)”
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4.4 Swath Fields

This section will describe which fields are located in the swaths.

4.4.1 Measurement Swaths

No | Name Dim Type Note
1 nTimes unlimited

2 nTimesSmallPixel | unlimited 1

3 nXtrack fixed 2

4 nWavel fixed 2

5 nWavelCoef fixed

Table 4-2: Dimensions for Measurement Swaths

Notes for Table 4-2:

Note 1: Not in Irradiance product

Note 2: The dimensions nXtrack and nWavel are used for all types of measurements, even
though the (type of) measurement may not really contain data for different
wavelengths (all types other then Earth and Sun, e.g. WLS, LED, Dark) or different
ground pixels cross track (all types other then Earth, e.g. Sun, WLS, LED, Dark). In
these cases, the dimensions nWavel and nXtrack denote the number of pixels stored
for the direction on the CCD detector that are normally (i.e. for earth measurements)
associated with the wavelengths (i.e. CCD columns) or ground pixels cross track (i.e.
CCD rows) respectively.

Data Type Dimensions ' Note

1 Time float64 nTimes

2 SecondsIinDay float32 nTimes 3

3 SpacecraftLatitude float32 nTimes 3

4 SpacecraftLongitude float32 nTimes 3

5 SpacecraftAltitude float32 nTimes 3

6 OrbitPhase float32 nTimes 2

7 SolarElevation float32 nTimes 4

8 SolarAzimuth float32 nTimes 4

9 SolarElevationMinimum float32 nTimes 1
10 SolarElevationMaximum float32 nTimes 1
11 SolarAzimuthMinimum float32 nTimes 1
12 SolarAzimuthMaximum float32 nTimes 1
13 Latitude float32 nTimes, nXtrack | 2
14 Longitude float32 nTimes, nXtrack | 2
15 SolarZenithAngle float32 nTimes, nXtrack | 2
16 SolarAzimuthAngle float32 nTimes, nXtrack | 2
17 ViewingZenithAngle float32 nTimes, nXtrack | 2
18 ViewingAzimuthAngle float32 nTimes, nXtrack | 2
19 TerrainHeight int16 nTimes, nXtrack | 2
20 GroundPixelQualityFlags | uint16 nTimes, nXtrack | 2
21 XtrackQualityFlags uint8 nTimes, nXtrack | 2

Table 4-3: Geolocation Fields for Measurement Swaths
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