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1. INTRODUCTION used for a widerange of qualitative and

quantitative weather and environmental
The Advanced Baseline Imager (ABI) is being applications. The ABI will beimproved over the
designed for future Geostationary Operational existing GOES Imager with more spectral bands,
Environmental Satellites (starting with GOES-R higher spatial resolution, faster imaging, and

broader spectral coverage. The ABI will improve

in 2012) (Gurka and Dittburner 2001). Aswith . ! !
the spatial resolution from 4 to 2 km nominally

the current GOES Imager, thisingrument will be .
_______________ for theinfrared bands and 1 to 0.5 km for at |east
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similar to the 0.6, 4, 11, and 12 um windows and
the 6.5 um water vapor band on the current
GOES-8/11 Imagers. For moreinformation on
the uses of the current GOES Imager, see Menzel
and Purdom (1994) and Ellrod et al. (1998). The
additional bands are avisible band at 0.86 um
for the detection of aerosols and vegetation; a
near-infrared band at 1.38 um to detect very thin
cirrus clouds; a snow/cloud-discriminating 1.6
pm band; a mid-tropospheric 7.0 um water vapor
band to track atmospheric motions; an 8.5 um
band to detect vol canic dust clouds containing
sulfuric acid aerosols and cloud phase; a 10.35
um band to derive low-level moisture and cloud
particle size; and a13.3 um band useful for
determining cloud top heights and effective
cloud amounts. Thereisinterest in adding bands
centered at 0.47 um for aerosol detection and
visibility estimation, at 7.4 um for lower/mid-
level flow and sulfuric acid aerosols, and at 9.6
pm for monitoring atmospheric total column
0zone on space and time scales never before
possible. Lastly, bandsat 2.26 and 3.7 um
would be used for land characterization. daytime
land/cloud properties, particle size, vegetation

ABl Visible and near IR Bands
L

and cloud properties/screening, hot spot
detection, and moisture determinations. Every
product that is being produced from the current
GOES Imager will be improved with data from
the ABI. In addition, new products will be
possible.

The seven proposed visible/near infrared bands
are shown in Fig. 1 with arepresentative clear-
sky radiance plot. Figure 2 shows the eleven
remaining proposed bands in the infrared portion
of the spectrum.

The channd selection for ABI isabalance of
heritage with existing GOES bands (on the
imager or sounder), consistency with bands on
other satellites (both in geostationary and polar-
orbits) and also considers information that will
be available from the advanced high-spectral
resolution sounder. Section 2 summarizes a
select number of new and improved products
possible with the GOES ABI. Section 3 briefly
describes the uses for each of the "core" or
proposed bands on the ABI.
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Fig. 1. The spectral coverage of the seven proposed visible/near infrared bands with a representative clear-

sky radiance plot.
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Fig. 2. The spectral coverage of the eleven proposed bands in the infrared portion of the spectrum.

2. PRODUCTS
2.1 Imagery/Radiances

Each of the current bands on the GOES Imager is
displayed as atime-series of images. Thiswill
also be the case for each of the ABI bands.
Additiona information can be gleaned by
computing differences between bands or
applying principle component analysis on the
imagery (Hillger 1996). For example, the current
GOES Imager “water vapor” band 3 (6.7 um)
has many applications, ranging from estimating
upper level moisture (Soden et al. 1993; Moody
et al. 1999) to defining upper-level jetstreaks
(Weldon et al. 1991). While the difference
between the 11 and 12 um brightness
temperatures, known as the split window, helps
detect dust, volcanic ash plumes, low-level
moisture, and skin temperature and aids in
distinguishing between cloud types and biomass
burning aerosols (Ackerman 1996; Ackerman et
al. 1992; Modller et al. 1996; Prata, 1989; Barton
et a. 1992; Hayden et d. 1996; Prins et al.
1998), outflow boundaries have aso been
observed (Dostalek et a. 1997). Also, averaged,
clear-sky brightness temperatures from the

imagers are being investigated for incluson into
numerical models. For example, the direct
assimilation of water vapor (WV) clear-sky
brightness temperatures (CSBT) from
geostationary satellites became operational at
ECMWEF in April 2002 using the four-
dimensional variational assimilation (ADVAR)
system with datafrom METEOSAT-7. The
GOES CSBT product will be improved with the
ABI, in part due a superior cloud mask with the
additional bands and a better signal-to-noise
ratio.

2.2 Cloud Products

Cloud products generated viathe CO, absorption
technique have been demonstrated from
instruments on both geostationary and polar-
orbiting platforms (Wylie and Wang 1997,
Schreiner et al. 1993; Wylie et a. 1994; Wylie
and Menzel 1999; Frey et al. 1999; Schreiner et
al. 2001). Cloud products derived from the
GOES Sounder have been used to initidize
numerical models (Kim et al. 2000; Bayler et al.



2001). Improved products from the GOES ABI
will include cloud top pressure (CTP), effective
cloud amount (ECA) and cloud top temperature.
The ECA representsthe optical thickness of the
cloud. Recent work has shown that the difference
between the 6.7 um and the 11 um bandsis
correlated to convection (Mosher 2001). These
ABI cloud products will beimproved over the
current suite, especially if they are computed in
conjunction with information from the Advanced
Basdline Sounder (ABS) (Li et al. 2002).

2.3 Sea Surface Temperature (SST)

The GOES platform allows frequent looks at a
given area with the same viewing angle. This
scanning feature is exploited to generate spatia
and temporal coverage of Sea Surface
Temperature (SST) from the GOES Imager that
isimproved over what can be obtained from
polar-orhiting satellites (Wu et al. 1999). The
GOES SST products have many applications,
ranging from weather forecasting to fishery
management (Seki et a. 2001). The information
used to create the SST product will be improved
with the ABI dueto: higher spatial resolution,
more frequent images, better cloud and aerosol
detection and less noisy data.

2.4 Dust and Volcanic ash detection

The detection of volcanic ash plumesis
important for aviation applications (Casadevall et
al. 1992; Davies and Rose 1998; Hillger and
Clark 2001; Ellrod 2001). The ABI will improve
volcanic ash detection by returning the 12 um
datato theimager (Schmit et al. 2001), but more
importantly becauseit will includean 8.5um
SO,-sensitive band.

2.5 Rainfall estimations

Rainfall estimation techniques use data from the
GOES Imager. Somerely on only the infrared
window, for example the auto-estimator (Vicente
et al. 1998), while others use more bands, such
as the GOES Multispectral Rainfall Algorithm
(GMSRA) (Baet al. 2001). Both types of
satellite rainfall estimations will be improved
with the ABI data. Thisis dueto the additional
bandsthat will lead to a better cloud-type
classification capability. Better spatial resolution
and coverage rate will also improve rainfall
estimates.

2.6 Satellite-derived wind fields

The tracking of atmaospheric features (Velden et
al. 1997) will be improved using the GOES ABI.
The 13.3 um datawill provide better estimates of
cloud height for the tracking of atmospheric
motions. Currently, the height assignment is one
of the greatest sources of error (Nieman et al.
1993). Satellite-derived winds will beimproved
with the ABI dueto: higher spatial resolution
(better edge detection), more frequent images
(offering different timeintervals), better cloud
height detection (with multiple bands), new
bands (0.86, 1.38 um) that may allow wind
products at different levels, better signal-to-noise
ratio, and better image navigati on/registration.

2.7 Objective Dvorak technique

The GOES Imager is currently used to determine
hurricane location and intensity (Velden et al.
1998 aand b; Goerss et al. 1998; Bosart et al.
2000). The Objective Dvorak Techniqueisused
to monitor the strength of tropica cyclones and
relies on the longwave infrared window band
(Velden et . 1998a). The ABI, used in
conjunction with the ABS, will allow a multi-
spectral approach that will be investigated
further. This product will also be enhanced due
to theimproved ABI temporal and spatial
resolutions.

2.8 Biomass burning/smoke

The detection of active fires using primarily the
3.9 um and the 11 pum bands (Prins et a. 1998)
will beimproved with the ABI. Thisisduein
part to the improved spatid and tempora
resolutions, along with the hotter maximum
temperature alowed for the 3.9 um band. The
0.47 um band will also detect daytime smoke.

2.9 Fog detection

The bispectra technique for fog detection
(Ellrod et al. 1998) is based on differences of the
longwave and shortwave IR window brightness
temperatures. Using simulated ABI data (derived
from 1 km MODerate-resol ution Imaging
Spectroradiometer (MODIS) data), it has been
shown that the fog detection capabilities of ABI
will be an improvement over the current GOES
Imager.



2.10 Aircrafticing

GOES Imagery is used to generate an
experimental product that highlights areas of
supercooled water clouds that could produce
aircraft icing (Ellrod 1996). This product uses a
split window (band 4 minus band 5) temperature
difference of greater than 2 K to flag thin cirrus.
The addition of the 1.6 and 8.5 um bands should
improve this product.

3. INDIVIDUAL BANDS OF THE
PROPOSED ABI

3.1 0.47 um or "blue" band

The utility of aband centered at 0.47 um iswell
established from many satellitesin low-earth
orbit, including LANDSAT, SEAWIFS, MODIS
and the future VIIRS on NPOESS. A
geosynchronous platform is complementary to
polar-orbiting platforms, providing otherwise
unknown time-of-day and bi-reflectance data at
mesoscal e resol ution. Blue-band radiances from
GOES-R would provide nearly continuous
observations of clouds, dust, haze and smoke,
and would alow monitoring of the health of
open waters.

The blue channel would be particularly valuable
for aviation applications. The shorter
wavelengths (blue) scatter more off haze and air
particles than do the longer wavel engths (red).
The current GOES visible channel frequency
centered in the red was chosen to minimize
scattering by haze in order to see the ground
more clearly. Having an additional channel
centered near the blue frequencies would greatly
improve the detection of haze and enable
calculations of dant range visibility. This
channel would also have potential applications
for air pollution studies, and for improving
numerous other products that rely on obtaining
clear sky radiances during the day (e.g., land and
sea surface products).

3.2 0.555umor "green" band

The addition of a green (0.555 um) band, along
with the blue (0.47 um) and red (0.64 um)
bands, would provide the meteorol ogists and the
tax-paying public with true-color imagery of the
atmosphere and itsreal time effects on land and
sea. True color images readily show haze,
smoke, snow, etc. Thisband, in conjunction with

others, should aso help monitor suspended
sediment in bodies of water.

3.3 0.64umor "red" band

A very similar band already exists on the current
GOES Imager. It has many uses, including the
diurnal aspects of daytime clouds, fog detection
and solar insolation (Diak et a. 1998). The 0.64
um visible band is also used for: daytime snow
and ice cover; detection of severe weather onset;
low-leve cloud drift winds; fog; smoke; volcanic
ash, hurricane anaysis; and winter sorm
analysis. Along with the 0.86 um band, an NDVI
(Normalized Difference Vegetation Index) could
be generated.

3.4 0.86um

The 0.86 um band is similar to a band on the
next generation METEOSAT and would provide
synergy with the AVHRR/3. This band is used
for daytime clouds, NDVI, fog, aerosols and
ocean sudies. It can dso help in determining
vegetation amount and aerosol locations, and
can be utilized for ocean/land studies. The band
enables evaluation of localized vegetation stress
and fire danger, fire burn scars and abedo
retrieval, and may be useful for forecasting
forest re-growth patterns. The current GOES
visible channel (0.52 - 0.72 pm) does not
delineate burn scars. Other applicationsinclude
suspended sediment detection (Aquirre-Gomez
2000). Low-level winds may also be derived
from time sequences of 0.86 um images.

35 1.38um

The 1.38 um band will help to detect thin cirrus
clouds during the day. Thisis so because the
band does not sense into the lower troposphere
due to water vapor absorption and thusit
provides excellent daytime sensitivity to thin
cirrus. (The 1.38 um band is centered within the
atmospheric water vapor absorption region.)
These thin clouds may not be detected with any
other bands. Contrail detection isimportant to
the climate change community and when
estimating many surface parameters. When the
Total Precipitable Water (TPW) valueistoo dry
(for example, less than approximately 10 mm),
then reflectance from the surface minimizes the
benefits of this band for thin cirrus detection.



3.6 1.61um

During the day, the 1.6 um band can be used for:
cloud/snow/ice discrimination; total cloud cover;
aviation weather analyses for cloud-top phase
(Hutchison 1999); and detecting smoke from
low-burn-rate fires. The 1.6 um band displays a
significant difference between the imaginary
refractive index components for water and ice,
which lendsitsef to cloud phase discrimination
(Baum et a. 2000). Daytime water/ice cloud
delineation is useful for aircraft routing.

3.7 2.26um

The 2.3 um band is used mainly for cloud
particle size determination. Particle growth isan
indication of cloud growth and intensity of that
growth. Other uses of the 2.26 um band include
cloud screening, hot spot detection, and total
moisture determinations. For example, the
MODIS cloud mask algorithm employs a very
similar band (Ackerman et al. 1998). Thisband
is being considered for the next generation
European imager. The 2.26 um band isalso very
useful to characterize the "aerosol-free" surface
reflectance, so aerosols over land can then be
characterized by the visible bands.

3.8 3.7um

The 3.7 um band can be used for daytime
land/cloud properties, particle size, night-time
surface temperatures and possibly vegetation
estimates. It can aso be used, along with the
3.90 um band, to estimate the amount of solar
radiation. This band may help with "snow age"
calculation and isalso included on the MODIS
instrument (Li et al. 2002).

3.9 3.90pum

The shortwave IR window (3.9 um) band has
many uses: fog (Ellrod et a. 1998) and low-
cloud discrimination at night; fire identification
(Prins et d. 1998); vol canic eruption and ash
detection; and daytime reflectivity for snow/ice.
Thisband is based on the current GOES |mager
band 2.

3.10 6.15um

Based on current GOES and the MSG/ SEVIRI
instrument, this band will be used for upper-
level tropospheric water vapor tracking, jet

stream identification, hurricane track forecasting,
mid-l atitude storm forecasting, severe weather
anaysis, and for estimating upper level moisture.

3.11 7.0um

Based on the current GOES Sounder band 11
and the MSG/ SEVIRI instrument, this band will
be used for mid-level tropospheric water vapor
tracking, jet stream identification, hurricane track
forecasting, mid-latitude storm forecasting,
severe weather anaysis, and for estimating upper
level moisture.

3.12 7.4um

Based on the current GOES Sounder band 12,
this band will provide flow information for the
mid/lower levels of the atmosphere. It can also
identify jet streaks. This band may help with
volcanic plumes, especialy if centered on 7.3
um.

3.13 85um

The 8.5 um band, in conjunction with the 11.2
um band, will enable detection of volcanic dust
clouds containing sulfuric acid aerosols
(Realmuto et al. 1997; Baran et a. 1993,
Ackerman and Strabala 1994).

In addition, the 8.5 wm band can be combined
with the 11.2 and 12.3 um bands to derive cloud
phase (Strabala et a. 1994). This determination
of the microphysical properties of clouds
includes a more accurate and consistent
delineation of ice clouds from water clouds
during the day or night.

Other uses of the 8.5 um band include thin cirrus
detection, in conjunction with thell um band (to
improve other products by reducing cloud
contamination), and a better atmospheric
correction in relatively dry atmospheres (to
improve SST). Surface properties can also be
observed in conjunction with the 10.35 um
channel. The MSG carriesasmilar channd (8.5
t0 8.9 um) aswell asMODIS and GLI.

3.14 9.7um

Theinclusion of athermal infrared ozone
channel (9.7um) on the GOES-R Imager would
provide information both day and night about the
real time dynamics of the atmosphere near the



tropopause on both high spatial and temporal
resolutions. Significant wind shear, turbulence
and tropopause folding occur in the middle
|atitudes, particularly during strongly baroclinic
stormsin the spring and fall. The 9.7 um band
may give some indications of clear-air
turbulence. A 9.7um channel on GOES ABI
would also provide a good complement to a
similar channel on Meteosat Second Generation,
as part of aglobal observing system.

3.15 10.35um

The 10.35 um band will help to derive low-level
moisture, cloud particle size and surface
properties. Chung et a. (2000) showed how the
10 - 11 umregion isimportant for determining
particle sizes of ice clouds.

3.16 11.2um

The longwave infrared window (11.2 um) band
will provide day/night cloud analyses for general
forecasting and broadcasting applications,
precipitation estimates (Vicente et al. 1998),
severe weather analyses, cloud drift winds
(Velden et d. 1998a); hurricane strength (Velden
et al. 1998b) and track analyses, cloud top
heights, vol canic ash detection (Prata 1989), fog
detection (in multi-band products) (Lee et al.
1997), winter storm monitoring, and cloud

phase/particle size estimates (in multi-band
products).

3.17 12.3um

The 12.3 um band will offer nearly continuous
cloud monitoring for numerous applications
including: low-level moisture determinations;
vol canic ash identification detection (Davies and
Rose 1998); Sea Surface Temperature
measurements (Wu et a. 1999) and cloud
particle size (in multi-band products). It has been
shown that mid-level dust amounts (within the
Saharan Air Layer) can play arolein thelack of
hurricane intensification in the Atlantic basin
(Dunion and Velden 2001).

3.18 13.3um

The 13.3 um band will be used for cloud top
height assignments for cloud-drift winds, cloud
products for ASOS supplement (Schreiner et al.
1993; Wylie and Menzel 1999), tropopause
delineation, and estimating cloud opacity. These
cloud products will be further improved by
combining the data with high-spectral resolution
sounder data

Table lisalisting of the proposed 18 bands of the ABI. The “yellow-shaded " bands correspond to similar
bands on the current GOES imager. The “green-shaded” bands correspond to similar bands on the current
Sounder or the MSG. The “magenta’ bands are similar to bands on the MODI S or potential bands for the
MTG (METEOSAT Third Generation). The bands are listed in order of increasing wavel ength.

Band | Wavelength Bandpass
| No. Microns microns

Primary Purpose

| sfc. & cloud/fog at night, fire

| High-level water, flow

16 11.2 10.8-11.6 total water for SST, clouds, rainfall
17 12.3 11.8-12.8 total water & ash, SST
18 13.3 13.0-13.6 air temp & cloud heights and amounts




Partial Product list

Primary ABI Band(s)

Secondary ABI Band(s)

ABS/(HES)

aircraft icing threat

3.9.85,12.2

0.64, 11.2,

Yes.

atmospheric aerosols/dust

0.47,8.5,12.2,2.2

0.55, 0.64, 0.86, 1.6, 11.2

clear sky masks (Imager)

0.64,1.38,8.5,11.2,12.2

0.47,0.86,8.5,13.3

cloud climatology 0.64, 1.38, 3.9, 11.2, 13.3 0.47 Yes.
cloud imagery 0.64, 1.38, 3.9, 11.2, 13.3 3.7 Yes.
cloud base/layer depth hyper-spectral imager?

cloud layers 0.64,1.38, 3.9, 11.2, 13.3 Maybe
cloud liquid water 0.64 1.6,2.2,3.7

cloud optical depth 0.64, 1.6 0.86

cloud particle size 0.64,10.35 1.61,11.2,2.2

cloud phase 1.6,8.5 11.2,2.2 Yes.
cloud top info 8.5, 13.3 11.2,12.2 Yes.
Convection (and initiation) 0.64, 11.2,6.15 7,13.3 Yes.
Enhanced "V" detection 11.2 1.6, 6.15, 8.5

fires (detection+information) 3.9 11.2 0.64 12.2. 2.2, 3.7

fire burn scars 0.86 0.64

Hurricane intensity 11.2 0.64, 3.9, 6.15, 8.5, 12.2 Yes.
Insolation 0.64 0.47,0.56

land surface temperature 11.2,12.3 8.5 Yes.
low cloud and fog 3.9,11.2 0.64, 1.61, 3.7

Probability of rainfall 8.5,11.2,12.2,13.3 0.64, 6.15

rainfall rate/QPE 8.5, 11.2,12.2,13.3 0.64, 6.15

derived motion (IR) 3.9,11.2 9.7, 13.3

derived motion (VIS) 0.64 11.2,13.3

derived motion (WV) 6.15, 7 11.2,13.3

sea ice products 0.64 11.2,12.3

Sea surface temperature 3.9,11.2,12.3 8.5 Yes.
Smoke 0.47, 0.64 0.56

snow age 3.7,3.9?

snow detection (cover) 1.61 0.64

snow rate

S0O2 concentration 8.5 7.4,11.2,9.6

surface pressure 0.477?

surface emmissivity Yes.
surface properties 8.5, 10.35 11.2 Yes.
Suspended sediment 0.64 0.47, 0.55

total ozone 9.6 11.2 Yes.
true color product 0.47,0.56, 0.64 0.86, 11.2

Turbulence 6.15, 7, 9.6 11.2,13.3 Maybe
under (ocean) surface features 0.47,0.56, 0.647?

Vegetation index/fire potential 0.86 0.64

Volcanic ash product 0.64, 3.9,8.5,12.3 11.2 Yes

Table 2 isaligting of selected imager products and the primary and secondary bands to compute those

products. Thisisnot an exhaustive list. ABS/HES refersto a potential product from the combined

imager/sounder system.




Simulated GOES Advanced Baseline Imager
examples will be shown for the bandsin the
visible, near infrared and infrared (IR) regions.
Examples of ice and water clouds, fires and clear
skieswill be shown. Thevisible/near IR bands
will be spectrally simulated from aircraft data--
the NASA AVIRIS (Airborne Visible InfraRed
Imaging Spectrometer). The AVIRIS isahigh-
spectral sensor with approximately 200 bands
between 0.4 and 2.4 um. The advantage of using
hyperspectra datato simulate broadband
channelsisthat any spectral response can be
applied to test senditivities. A tool to apply
various spectral response functionsto these
AVIRIS datawas used to simulate each
visible/nearIR ABI band (Griffin 2003). The
proposed spectral widths of certain bands were
also investigated and realistic meteorol ogical
scenes were used. MODI S (MODerate-resolution
Imaging Spectroradiometer) datawill be used for
the IR simulations.

4. SUMMARY

The ABI represents an exciting expanson in
geostationary remote sensing capabilities. The
ABI addresses the needs of the National
Weather Service (and others) by increasing
gpatial resolution (to better depict awider range
of phenomena), by scanning faster (to improve
temporal sampling and to scan additional
regions) and by adding spectral bands (to enable
new and improved products). Every product that
is being produced from the current GOES Imager
will be improved with data from the ABI.
Furthermore, new products will be possible.

Of course the ABI will not be operating aone.
Where appropriate, products will be produced in
concert with the GOES-R high-spectral

resol ution sounder, for example, when
generating cloud heights (Li et al. 2001). Also,
the GOES system complementsthe polar
systems and the entire Global Observing System
(GOS).

The next generation METEOSAT (launched in
2002) has 12 bands, including two water vapor
bands centered at 6.2 and 7.3 pm (Woick et al.
1997; Schmetz et al. 1998; Schmetz et a. 2002).
Preliminary thoughts concerning the
METEOSAT Third Generation satdllite call for
an imager with approximately 16 to 18 bands.
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