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[1] Verification of the geolocation assigned to individual ground pixels as measured by
the Ozone Monitoring Instrument (OMI) aboard the NASA EOS-Aura satellite was
performed by comparing geophysical Earth surface details as observed in OMI false color
images with the high-resolution continental outline vector map as provided by the
Interactive Data Language (IDL) software tool from ITT Visual Information Solutions.
The OMI false color images are generated from the OMI visible channel by integration
over 20-nm-wide spectral bands of the Earth radiance intensity around 484 nm, 420 nm,
and 360 nm wavelength per ground pixel. Proportional to the integrated intensity, we
assign color values composed of CRT standard red, green, and blue to the OMI ground
pixels. Earth surface details studied are mostly high-contrast coast lines where arid land or
desert meets deep blue ocean. The IDL high-resolution vector map is based on the
1993 CIA World Database II Map with a 1-km accuracy. Our results indicate that the
average OMI geolocation offset over the years 2005–2006 is 0.79 km in latitude and
0.29 km in longitude, with a standard deviation of 1.64 km in latitude and 2.04 km in
longitude, respectively. Relative to the OMI nadir pixel size, one obtains mean
displacements of �6.1% in latitude and �1.2% in longitude, with standard deviations of
12.6% and 7.9%, respectively. We conclude that the geolocation assigned to individual
OMI ground pixels is sufficiently accurate to support scientific studies of atmospheric
features as observed in OMI level 2 satellite data products, such as air quality issues on
urban scales or volcanic eruptions and its plumes, that occur on spatial scales comparable
to or smaller than OMI nadir pixels.
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1. Introduction

[2] The Dutch-Finnish Ozone Monitoring Instrument
(OMI) [Levelt, 2002; Levelt et al., 2006a, 2006b] aboard
the NASA EOS-Aura satellite [Schoeberl et al., 2006] is a
compact, nadir viewing, wide swath, ultraviolet-visible
(UV/VIS), push-broom type imaging spectrometer that
provides daily global coverage at moderate spatial and high
spectral resolution. EOS-Aura was launched on 15 July
2004 into a sun-synchronous orbit at 705 km altitude with
an ascending node local equator-crossing time roughly at
13:45. During the dayside portion of the orbit, the OMI
instrument measures the Earth radiance with a moderate
spatial and high spectral resolution. Near the northern
hemisphere terminator OMI measures the Solar irradiance
at high spectral resolution once per day. The ratio of Earth
radiance and solar irradiance is the Earth reflectance from
which atmospheric satellite data products, such as total column
trace gas concentrations, clouds and aerosols physical proper-
ties, and surface UV irradiance levels are calculated.

[3] The OMI measurement principle is discussed in the
IEEE Special Issue on the EOS-Aura mission [Dobber et
al., 2006; Levelt et al., 2006a] and the OMI calibration
status is discusses in this issue [Dobber et al., 2008]. The
instantaneous field of view of the nadir pointing telescope
of OMI amounts to 115� oriented perpendicular to the flight
direction of the EOS-Aura satellite. The main observation
modes for OMI are the ‘global’ measurement mode, the
‘spatial zoom-in’ measurement mode and the ‘spectral
zoom-in’ measurement mode [Dobber et al., 2006] in which
the CCD pixels are binned on the CCD chip in the spatial
and/or spectral direction with different binning factors. Here
we limit the discussion to the observations in the ‘global’
measurement mode. From the position and altitude of the
EOS-Aura polar orbit, the instantaneous field of view
provides OMI with a ground swath of 2600 km wide,
which in the nominal ‘global’ observation mode is distrib-
uted over 60 individual ground pixels. In this mode the OMI
instrument achieves complete daily global coverage of the
sunlit portion of the Earth with the moderate spatial reso-
lution of roughly 13 km � 24 km (along � across track) at
nadir. This relatively small nadir ground pixel size, or nadir
ground sample distance, enables OMI to look ‘‘in between’’
the clouds, giving better reach into the troposphere for
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retrieving tropospheric composition information than other
UV-VIS backscatter instruments flown to date.
[4] On the basis of the elevation and azimuth angles as

calibrated on-ground for each OMI ground pixel line-of-
sight, the time of measurement and the EOS-Aura space-
craft ephemeris and attitude data provided by the NASA
Goddard Space Flight Center Flight Dynamics Team, the
OMI level 0-1B data processing software using the SDP
Toolkit [Noerdlinger, 1995] calculates the geolocation of
the center of each OMI ground pixel expressed in latitude
and longitude. To support scientific studies of atmospheric
composition features as observed from OMI level 2 ‘global’
satellite data products on trace gases and aerosols that occur
on spatial scales comparable to or even smaller than the
smallest spatial scales achievable by the OMI observations,
one must verify that the geolocation assigned to the mea-
sured OMI ground pixels is sufficiently accurate for this
purpose. Otherwise these features, which are mostly tropo-
spheric events such as industrial pollution plumes, urban air
pollution plumes, volcanic plumes, dust storms and biomass
burning plumes, are artificially displaced with respect to
their actual sources at the surface.
[5] In this paper we report on the verification of the OMI

ground pixel geolocation by OMI false color imagery where
we have employed the OMI radiance spectral data to display

geophysical Earth surface details, such as coast lines. By
comparing such details by eye with their geographical
position in the high resolution continental outline vector
map as provided by IDL, which is based on the 1993 CIA
World Database II Map (visit the following links for infor-
mation: http://geography.about.com/library/cia/blcindex.htm,
https://www.cia.gov/cia/publications/mapspub/193.shtml,
http://www.ngdc.noaa.gov/seg/cdroms/ged_iib/datasets/b14/
mw.htm) (hereinafter referred to as WDBII sites), the OMI
ground pixel geolocation accuracy can be quantified. A paper
by Dobber et al. [2008] describing the validation of other
OMI Level 1B data parameters can be found in this special
section.

2. OMI False Color Images

[6] OMI false color images are generated by spectral
band integration of the OMI level 1B Earth radiance
intensity as recorded by the instrument’s visible channel.
This ‘VIS’ channel has a spectral range of 349 nm to 504 nm,
ranging from UV radiation invisible to the naked human eye
to blue light. The Earth radiance intensity is integrated over
three different wavelengths bands, where we use [474–
494 nm] for ‘red’ or ‘R’, [410–430 nm] for ‘green’ or ‘G’,
and [350–370 nm] for ‘blue’ or ‘B’, respectively. The

Figure 1. A single day of OMI R G B data comprising of the dayside portion of roughly 15 polar orbits
[1176–1190] of EOS-Aura as captured on 4 October 2004 plotted in Hammer-Aitoff projection style.
Plotting is limited to solar zenith angles smaller than 84 degrees to highlight the brightly lit Antarctic
continent. This OMI false color image reveals the observation of the oceans, the continents, the poles,
clouds, weather systems, and OMI daily global coverage. Brighter colors of larger pixels indicate outer
OMI swath observations under extreme viewing angles where Rayleigh scattering contributes more.
Solid white lines are used to indicate continental contours. Dashed white lines indicate the degrees of
latitude and longitude.
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histogram distributions of the integrated intensities encoun-
tered over one single orbit are subsequently histogram
equalized per color channel over the range 0 to 255, the
standard range of an 8 bit color scale, to enhance contrast.
Plotting the color composed of the R GB values as a function
of the pixel position (geolocation) yields OMI false color
images of which various examples are shown throughout this
document.
[7] Figure 1 depicts an example of a single day of OMI

data as captured on 4 October 2004 revealing the oceans,
the continents, clouds, sun glint, weather systems, a brightly
lit South Pole and the North Pole covered in darkness, and
OMI daily global coverage. The calculation of the size and
shape of OMI ground pixels is described in the next section.
For the purpose of this paper, being geolocation verification,
we did not correct the OMI radiance observations for the
presence of the Earth’s atmosphere in between the OMI
satellite instrument and the Earth’s surface; that is, we do
not try to obtain surface reflectivity data by correcting the
OMI radiance observations for trace gas absorption and the
presence of aerosols and clouds. However, when assigning
geolocation coordinates to OMI ground pixels by the level
0-1B processor, the optical refractive index of the Earth’s
atmosphere is taken into account. Although OMI is
designed as an UV-VIS push broom type imaging spec-
trometer, the obtained OMI false color images are realistic
representations of the Earth as seen in the visible channel of

dedicated high spatial resolution imaging satellite instru-
ments such as MODIS aboard EOS-Aqua and EOS-Terra,
albeit at a much poorer spatial resolution and at different
wavelengths. This observation can be explained (1) from
the dependence of the albedo as a function of wavelength of
the various Earth surfaces such as land, ocean, and snow
and ice, and (2) from the use of histogram equalization
techniques.
[8] From the GOME albedo map [Koelemeijer and

Stammes, 1999] one learns that the albedo of the deep
ocean as a function of wavelength between 250 nm and
800 nm is a continuously decreasing function. For non-
vegetated land surfaces such as deserts, the albedo is a
continuously increasing function in this range. In essence,
the spectral signature of land or sea in the wavelength range
as captured by OMI is the same as in the region of human
visual perception, explaining the natural appearance of the
OMI false color images of the Earth. Please note that the
OMI wavelengths associated with R G B are shifted
considerably with respect to the standard definition of the
R G B colors for CRT television, where R = �610 nm, G =
�545 nm and B = �463 nm, depending on the choice of the
particular cathodoluminescent phosphors [Shea, 1998]. (For
an online version of this paper presenting an overview of
the history and principles of cathodoluminescent phosphors
please visit http://www.electrochem.org/dl/interface/sum/
sum98/IF6-98-Pages24-27.pdf. For an elaborate overview

Figure 2. Constructing OMI ground pixel corner coordinates from center coordinates. (a) Read the
center coordinates of subsequent swaths, here depicted by the green dots in a simplified manner and with
reduced number of pixels. (b) Calculate the average pixel positions between center pixels rendering the
orange dots. Perform linear extrapolation at east and west swath edge; that is, extend lines marked 1 and 2
and determine crossing points rendering the white and purple dots at the east and west swath edge.
Perform linear extrapolation of North and South swath edge; that is, extend lines marked 3 and 4 and
determine crossing points, rendering the white and purple dots at the North and South swath edge.
(c) Define corner coordinates by connecting the purple and orange dots with ‘‘horizontal’’ (across track)
and ‘‘vertical’’ (along track) blue colored dashed lines. (d) OMI false color image are obtained by
uniformly filling each box with the respective R G B color value, here exemplified with land, coast, and
sea.
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