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Table 1 The longitude, name, launch date, operational status and

operation agencies of current geostationary meteorological satellite
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Fig. 1 Images of (a) GOES 1-3, (b) GOES 4-7, (c) GOES
8-12 and (d) GOES 13-15
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Table 2 The central wavelength, horizontal resolution, satellites, and the general usage of GOES imager channels
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scan starting time for GOES East routine operations
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An introduction to GOES Imager Data

Da Cheng' Zou Xiaolei"’
(1 Department of Earth, Ocean and Atmospheric Science, Florida State University, USA

2 Center of Data Assimilation for Research and Application, Nanjing University of Information and Science &
Technology, Nanjing 210044)

Geosynchronous satellites rotate around the Earth’s
axis at the same angular velocity as the Earth does. If
the sub-satellite point stays at the same location relative
to the Earth surface, a geosynchronous satellite is called
geostationary. The altitude of a geostationary satellite can
thus be determined by a balance between the centripetal
force and the gravitational force. Under the assumption
of circular orbit, the altitude of the geostationary satellite
is approximately 35787.6 kilometers above the Earth’s
surface. Unlike a sun-synchronous polar-orbiting
satellite that provides global observations twice daily, a
geostationary satellite provides temporally continuous
observations within a limited area centered at the sub-
satellite point. The horizontal resolution of geostationary
satellite imager data is also high. The temporal and
spatial continuity of the geostationary satellite data is
extremely important for capturing rapid variations of
atmospheric variables such as cloud, atmospheric water
vapor and wind. Therefore, more and more geostationary
meteorological satellites have been launched by different
countries to cover their own territories. Table 1 lists all
current operational meteorological geostationary satellites,
along with their longitudes, names, launch dates,
operational status and operation agencies.

The visible and infrared imager sensors onboard
geostationary satellites include the Geostationary
Operational Environmental Satellites (GOES) imager

onboard United States GOES series (Figure 1), the
Stretched Visible and Infrared Spin Scan Radiometer
(S-VISSR) onboard Chinese Fengyun-2 (FY-2) series,
and the Spinning Enhanced Visible and InfraRed Imager
(SEVIRI) onboard European Meteosat series. In the
following, we discuss some main characteristics of
observations from GOES imager. GOES imager has one
visible and four infrared channels. Table 2 provides the
central wavelength, spatial resolution at the sub-satellite
point, and the general usage of each channel. Under clear-
sky conditions, the scattering effect can be neglected and
the thermal emission is the only source term. The infrared
radiance received by the GOES imager mainly consists
of the radiance emitted by the surface and transmitted
throughout the entire atmosphere as well as the radiance
that is emitted by a particular atmospheric layer and
is transmitted throughout the atmosphere above that
layer. For examples, the GOES channel 2 is a shortwave
infrared channel with its central wavelength located
at 3.9 micrometers (um). This wavelength is close to
the 4.3um strong CO, rotation-vibration band "". The
reflected solar radiance also contributes to the measured
radiance of this channel, which is a unique characteristic
that is different from other three GOES infrared channels.
GOES imager channel 3 (central wavelength of 6.5um or
6.7um) is close to the 6.3um vibration-rotation band .
The major absorber of this channel is water vapor, thus
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the distributions of channel 3 brightness temperatures
are usually utilized to observe the horizontal transport of
water vapors in the middle and high troposphere. Besides
the minor shift of central wavelength, the bandwidth of
channel 3 onboard GOES-12, -13 and -15 (5.8um-7.3um)
is wider than that of channel 3 onboard GOES-11 (6.5um—
7.0um)". Considering the higher spatial resolution (4 km)
of GOES-12 channel 3 than that of GOES-11 channel 3
(8 km), enlarging the wavelength bandwidth suppresses
the increased noise due to improved spatial resolution,

thus improving signal-to-noise ratio.

Channel 4 is a
window channel whose central wavelength is located at
10.7um. The gas molecules in the atmosphere have weak
absorption on the radiance at this wavelength. In addition,
the emissivity of the dry ground is close to one, therefore
the radiance emitted by the surface can be approximated
by skin temperature'”. The central wavelength of of
channel 5 is 12.0 pm and is called a dirty window channel.
Due to a stronger continuum absorption from water vapor,
channel 5 is more sensitive to water vapor than channel
4. The observed brightness temperature of channel 5 will
be lower than that of channel 4 when the air is moist.
Channel 5 can be utilized to detect ice clouds as well. The
imagery part of the refraction index at 12.0 pm is larger
than that at 10.7 pum. The presence of ice clouds also
leads to a lower brightness temperature of channel 5 than
channel 4°. Since the launch of GOES-12, the 12.0 pm
channel 5 is replaced with a 13.3 um channel 6. Channel
6 is located in the wing of the CO, band . With channel
6 measurements, the cloud top pressure, effective cloud
amount, and cloud top temperature can be accurately
retrieved 7.

The vertical resolution of GOES imager is reflected
by the weighting function of each channel. Figure 2 shows
the weighting function of GOES-11/12 imager channels
calculated by the Community Radiative Transfer Model
(CRTM) " with the U.S. standard atmosphere profile as
the input. The largest contribution of observed radiance
comes from the layer at which the weighting weight is the
largest. It can be concluded from Fig. 2 that the observed
radiance mainly comes from the surface emission for
GOES imager channel 2, 4, 6 while the major contribution
to channel 3 radiance comes from the layer between
500 and 300 hPa. Three additional features are worth
mentioning based on Fig. 3. Firstly, the level where the
weighting peak resides for GOES-11 imager channel

3 (6.7 pm) is slightly higher than that for GOES-12
imager channel 3 (6.5 um). This results from a narrower
bandwidth of GOES-11 channel 3 than that of GOES-12
channel 3. Compared to GOES-11, the observed
radiance of channel 3 by GOES-12 comes from the lower
troposphere. Therefore, the brightness temperatures of
channel 3 observed by GOES-12 imager are anticipated
to be higher than those by GOES-11. Secondly, the
weighting functions of channels 4 and 5 have similar
vertical distributions above 300 hPa, but are different
below 300 hPa. The weighting function of channel 4 is
smaller than the weighting function of channel 5 below
300 hPa. This is because the absorption coefficient by
water vapor of channel 5 is larger than that of channel 4.
For any arbitrary level below 300 hPa, the optical depth of
channel 5 is larger than that of channel 4 due to a stronger
water vapor absorption. In other words, channel 5 is more
sensitive to the water vapor in the lower troposphere
than channel 4. Thirdly, channel 6 of GOES-12 imager
has larger weighting functions than those of channel 5 of
GOES-11 below 20hPa. This reflects that the contribution
from the atmosphere is larger in the observed 13.3 pm
radiance than GOES-11 channel 5. The mixing ratio of
CO, is nearly constant throughout the atmosphere while
water vapor mainly resides at the middle and lower
troposphere. At high levels, the optical depth of channel
6 is larger than the optical depth of Channel 5, resulting a
stronger absorption at the wavelength of channel 6 than at
that of channel 5.

The horizontal resolution of GOES imager is
determined by the instantaneous geometry field of view
(IGFOV) of each channel. For GOES-12 imager, the
IGFOV is 28 urad for channel 1, 112 prad for channels 2,
3 and 4, and 224 prad for channel 6. The corresponding
sub-satellite point resolution of these IGFOV is | km, 4
km, and 8 km, respectively. The area covered by IGFOV
increases as the scan angle increases, so the horizontal
resolution decreases as the scan angle increases. In other
words, the observed radiation for a single IGFOV comes
from a large area if the scan angle is larger.

The ratio of the area covered by an arbitrary field of
view to the area covered by the field of view at sub-satellite
point is defined as the pixel distortion indices (K)". The
equation for calculating the pixel distortion indices can be

written as
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In equation (1) and (2), 4 is the longitude or the
latitude of an arbitrary observation, 4 ,is the longitude
of the sub-satellite point, ais the distance between the
satellite and the earth center, and / is the altitude of
satellite orbit above the earth surface. For GOES-12, &
is approximately 35790 km. a,(=81.3°) is the maximum
value of a and indicates the furthest location in longitude
and latitude from the sub-satellite point of a GOES
imager coverage. Figure 3 illustrates the relationship
between the pixel distortion index K and the absolute
value of the longitude (or latitude) difference a. When
the absolute value of longitude (or latitude) difference,
a, is equal to 60.38°, the pixel distortion index equals
three. This means that under the assumption of the one-
dimensional distortion, the area covered by a IGFOV is
three times as large as the IGFOV area at the sub-satellite
point. It is reminded that the pixel distortion index in
equation (1) assume that the area covered by an IGFOV
experiences either a zonal distortion or a meridional
distortion, it is accurate only for the pixel distortion at
the equator, or at the longitude where satellite resides.
Pixels located at other regions experience distortions in
both the zonal and meridional directions. Therefore, the
ratio of the actual area covered by a single IGFOV to
that at the sub-satellite point will be larger than the pixel
distortion index in (1).

The footprint of any arbitrary IGFOV can be
calculated given the latitude and longitude of a target
IGFOV, satellite zenith angle, satellite azimuth angle, the
distance between satellite and the targeted IGFOV under
the assumption that the Earth’s surface is an ellipsoid.
Figure 4 illustrates the footprint covered by the IGFOV
near the sub-satellite point (Fig. 4a), the 75°W longitude
(Fig. 4b), the equator (Fig. 4c), and other locations (Fig.
4d) of GOES-12 imager from 1815 UTC to 1821 UTC
on May 22, 2008. The IGFOVs at the sub-satellite point
are squares, which is expected because GOES imagers
use square detectors . Pixels near the longitude of the
sub-satellite point experience a meridional distortion
and are of rectangular shape. The meridional length is
longer than the zonal length for the IGFOVs near the
longitude of the sub-satellite point. The IGFOVs near
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the equator are rectangles with their zonal lengths being
larger than their meridional lengths. The IGFOVs at other
locations experience both zonal and meridional distortions
and thus have parallelogram shapes. A significant
overlapping between two adjacent pixels is noticed in the
zonal direction, which is greater than in the meridional
direction. Through a resampling process, higher resolution
observations can be achieved from overlapping GOES
imager radiances. Menzel et al.”’ pointed out the sub-point
resolution of channel 4 after resampling can be as high
as 2.3 km X 4 km. Since the pixels at high latitudes have
larger pixel distortion, the observed radiances and their
retrieval products are not as reliable as in low latitudes. In
the data assimilation experiment conducted by Kopken"”,
observations with large scan angles are removed. Figure
5 shows the theoretical maximum coverage and area with
pixel distortion index being less than three of several
operational geostationary satellites. It can be seen that
the global region within 50° is fully covered by the
geostationary satellites.

The measurement precision of infrared imagers,
which is a required input for data assimilation of GOES
imager infrared radiance, is quantified by the Noise
Equivalent differential Temperature (NEdT). NEdT
is a function of observed brightness temperature and
central wavelength. Table 3" lists the NEdT of imager
channels 2, 4 and 6 at 300 K and channel 3 at 230 K from
GOES-12, -13 and -15.

The scan operation of GOES Imager is similar to
a cross-track sensor. Two motors control the rotation
operation of the scan mirror. The motor controlling west-
east operation firstly finishes one scan line from west to
east. Then the motor controlling north-south operation
rotates the scan mirror towards the south. An east to west
scan is then performed by the west-east operation motor.
The scan speed for each detector of infrared channel is
5460 observations per second. There are four operation
modes for GOES imager@\ : (1) routine operation, (2) full
disk operation, (3) rapid scan operation (RSO), and (4)
super rapid scan operations (SRSO). Tables 4 and 5 list the
name of the frame, observation coverage, scan duration
and scan starting time of GOES-11 (e.g., GOES East)
and GOES-12 (e.g., GOES West)"®?. For GOES East,
the full disk operations® includes one full-disk scan and
one abbreviated full-disk scan in each hour. The RSO®

performs four U.S. continental scans, one Northern-
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Hemisphere scan, and Southern-Hemisphere partial-frame
scan in each 30 minutes. The SRSO is able to perform a
total of 26 1-minute scans, covering an area of 1000 km’
in 30 minutes.

Compared with satellite microwave sensors, the
channel wavelengths of the infrared imager channels
are shorter. This leads to stronger infrared absorption in
clouds. For clouds with large optical depth, the radiance
observed by the imager mainly comes from the cloud
top. Figures 6 and 7 illustrate the influence of clouds
in observed brightness temperatures. Point A is under a
clear-sky condition while point B is located within clouds.
In the presence of cloud, the brightness temperature of
channels 2, 3, 4 and 6 (point B) is lower than that in
a clear-sky condition (point A). Figure 6b shows the
differences between the observed brightness temperature
(0), and simulated brightness temperature under clear-
sky conditions (B), i.e., O—B. Under clear-sky (cloudy)
conditions, the absolute value of O—B is small (large).
Furthermore, the absolute value of (O—B) of channel 3,
|O—B|, is smaller than those of channels 2, 4 and 6. This
is because channels 2, 4 and 6 are window channels while
channel 3 is an atmospheric sounding channel between
300 hPa and 500 hPa. The level where clouds exist is
closer to the observed layer of channel 3, resulting a
smaller absolute value of O—B of channel 3 than those of
other channels.

The United States next generation geostationary
satellite, GOES-R, will be equipped with the Advanced
Baseline Imager (ABI) with 16 channels®. Among these 16
channels, two are visible channels, four are near-infrared
channels, and 10 are infrared channels. The observation
resolution at the sub-satellite point for infrared channel
increases to 2 km. The ABI is able to perform four full-
disk scans or 12 continentals scans in one hour. The ABI
has added an additional mesoscale mode. In this mode,
the ABI can scan an area of 1000 km® every 30 seconds.
GOES-R satellite is scheduled to be launched in 20157,
The next generation Chinese geostationary satellite
FY-4 will be equipped with the Advanced Geostationary
Radiation Imager (AGRI) and the Geostationary
Interferometric Infrared Sounder (GIIRS). Similar to the
ABI, the AGRI will have 14 channels that cover visible,
near-infrared, shortwave infrared, midwave infrared and
thermal infrared bands®. The GIIRS onboard FY-4 is an

interferometric infrared sounder with 913 channels®. The

GIIRS is similar to the Atmospheric Infrared Sounder
(AIRS) onboard Aqua polar-orbiting satellite. Currently
all hyperspectral sounders are onboard polar-orbiting
satellites. FY-4 will be the first geostationary satellites
with hyperspectral sounders onboard. Given the facts that
assimilation of AIRS observations significantly improves
the forecast skill in numerical weather prediction (NWP)
and AIRS retrieval products of greenhouse gases such as
CO, provide insights into climate change, observations
from GIIRS will play an important role in both NWP and

climate studies.
Pt =2
@ http://www.ospo.noaa.gov/Operations/GOES/schedules.html
@ http://www.ospo.noaa.gov/Operations/GOES/west/imager-routine.html
3 http://www.class.ncdc.noaa.gov/release/data_available/goes/index.html
@ http://www.ospo.noaa.gov/Operations/GOES/east/fd.html
(® http://www.ospo.noaa.gov/Operations/GOES/east/rso.html
® http://www.goer-r.gov/spacesegment/abi.html
@ http://www.nesdis.noaa.gov/flyout_schedules.html

http://www.wmo-sat.info/oscar/instruments/view/275
@ http://www.wmo-sat.info/oscar/instruments/view/2 14
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