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Overview
« GOES-13

 ABI (Advanced Baseline Imager)
— Temporal
— Spectral
— Spatial
— Radiometric
» Select Products
* ABI for continuity of current Sounder products
e Summary

e More information




GOES-13

GOES-13/0/P will have
similar instruments to
GOES-8-12, but on a
different spacecraft bus.

Spring and fall eclipse
outages will be avoided
by larger onboard
batteries.

Improved navigation

Improved radiometrics
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GOES-12/13 (During eclipse)
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Upper Peninsula Ml Fires

Visible Shortwave Window

GOES-12:

GOES-12 IRZ .9 15:59: 0ZpUs200y

GOES-13:

GOES-132 WIS 16022 OIAUG20ns GOES-13 IRZ .9 1l6:02L O3IAUG2Z0ES

Figure courtesy of S. Bachmeier, CIMSS
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The Advanced Baseline Imager:

ABI Current
Spectral Coverage
16 bands 5 bands
Spatial resolution
0.64 um Visible 0.5 km Approx. 1 km
Other Visible/near-IR 1.0 km n/a
Bands (>2 um) 2 km Approx. 4 km
Spatial coverage
Full disk 4 per hour Scheduled (3 hrly)
CONUS 12 per hour ~4 per hour
Mesoscale Every 30sec n/a

Visible (reflective bands)
On-orbit calibration Yes \[e)




Full Disk with stepped-edge

HURRICAWE WILMA

The ABI instrument can scan west-to-east OR east-to-west, the alternating
pattern ‘swath-to-swath’ of the GOES-I/N series will not be continued.




Approximate number of ABI pixels

Current GOES is approximately 2705 x 5209 for the FD IR

Input Information
Full disk diameter 17.76 deg
CONUS height 4.8129 deg
CONUS width 8.0215 deg
Meso height/width 1.6043 deg

O5km 1km 2km
22141 11070 5535 pixels
6000 3000 1500 pixels
10000 5000 2500 pixels
2000 1000 500 pixels

Figure courtesy of ITT Industries



Imagery Requirement

e The distributed, calibrated and navigationally
corrected image data will be rectified to a fixed
grid. The grid is defined relative to an ideal
geostationary satellite viewpoint.

 The image pixels will have an angular separation of:

— 14 microradians (0.5 km) in the 0.64 um channel,

— 28 microradians (1 km) in the 0.47, 0.86 and 1.61 um channel,

— 56 microradians (2 km) in
all other channels.




ABI
scans
about 5
HIES
faster
than the
current
GOES
Imager
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There are two anticipated scan modes for the ABI:

- Full disk images every 15 minutes + 5 min CONUS images + mesoscale.
or - Full disk every 5 minutes.




.-ll-ll'l"_"_. —
SAMFPLE CORUJS FROM GOES-ERST 23 JUL @5 17:45 2 MzIDORS







L] “-
v

=COl apidly changing
phen orms, t zanes, fires, etc).

<ol

SAMPL R
feso

Current GOES car 6_;,-off_er' Se rapid scans while
still scanning othe portant regions

Ll



Imager Coverage In ~30 minutes

Current Imager Future Imager
(Rapid Scan mode) (“Flex” mode)

Full Disk 0 5
Northern Hemi 1 )
CONUS 3 :
Mesoscale 0 50
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Full Disk ~ N.Hemisphere ~ CONUS Mesoscale




GOES-10

WAVES

SHEAR

OYERSHOOQTING
TOP

CONVECTION

GOES-10 1303 UTC 25 AUG 06 WISIBLE UWA/SSEC




15-min time resolution “loop”

GOES-10 IMAGER 13:@F UTC 28 Aldg O0a VWISIBLE ULASSEC



1-min time resolution loop

GOES-10 IMAGER 13:@F UTC 28 Aldg O0a VWISIBLE ULASSEC



e

cial GOES-10 data
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ABI Visible/Near-IR Bands

Future GOES
imager (ABI)
band

Wavelength
range (um)

Central
wavelength

(Hm)

Mominal
subsatellite

IGFOV (km)

Sample use

0.45-0.49

047

Daytime aerosol
over land, coastal
water mapping

0.59-0.69

0.64

Daytime clouds fog, inso-
lation, winds

0.846-0.885

0.865

Daytime vegetation/burn
scar and aerosol
over water, winds

1.371-1.386

1.378

Daytime cirrus cloud

1.58-1.64

l.6l

Daytime cloud-top phase
and particle size, snow

Schmit et al, 2005

2.225-2.275

2.25

Daytime land/cloud
properties, particle size,
vegetation, snow




ABI| IR Bands

3.80-4.00

Surface and cloud, fog at
night, fire, winds

5.77-6.6

High-level atmeospheric
water vapor, winds,
rainfall

6.75-7.15

Midlevel atmospheric
water vapor, winds,
rainfall

71.24-744

Lower-level water vapor,
winds, and 5O,

8.3-8.7

Total water for stabilicy,
cloud phase, dust, SO,
rainfall

9.42-9.8

Total ozone, turbulence,
and winds

10.1-10.6

Surface and cloud

10.8-11.6

Imagery, 55T, clouds,
rainfall

11.8-12.8

Total water, ash, and 55T

Schmit et al, 2005

13.0-13.6

Air temperature, cloud
heights and amounts




Visible and near-IR channels on the ABI
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The ABI visible and near-IR bands have many uses.
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While there are differences, there are also many similarities for
the spectral bands on MET-8 and the Advanced Baseline
Imager (ABI). Both the MET-8 and ABI have many more bands
than the current operational GOES imagers.




ABI to Imager Noise Comparison

Spec [Spec/"2" Measured
ABI NEdT |[NEdAT Band |[ImagelfG-12 |Spec
3.9 0.1 [N005 2 39 ol 14
6.185 0.1 0.05
6.95 0.1 [N005 3 65/67 OB 1
7.34 0.1 0.05
8.5 0.1 0.05
9.61 0.1 0.05
10.35 0.1 0.05
11.2 0.1 [N005 107 O 035
12.3 0.1 0.05 5 12 Noband 0.35
13.3 0.3 0075 6 133 OO 032

When taking into account the ABI improved FOV size, the expected noise is less
(by 2-3 times) than the current GOES Imagers. A factor of 2 was used (square root
4) for most Imager bands.




Aerosol/Dust Optical Thickness Retrieval
Results from SEVIRIQEUMETSAT

Data from EUMETSAT |l

=%

EUHMETSAT MMSG

Figure courtesy of J. Li and P. Zhang



Brightness Temperature (K}

Brightness Temperature [K)
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Three-color composite (0.64, 1.6 and 11 pm) shows the low

cloud over the snow and the water versus ice clouds.
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Nocturnal Fog/Stratus Over the Northern Plains
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CEILING ¢
SURFACE THER - 05 UTC

-10 TEMPERATURE DIFFERENCE (K) ()

SIMULATED ABI FOG GO4:50 UTC 5 MAR ©O1

“ABI” 4 minus 11 um Difference
ABI image (from MODIS) shows greater detail in structure of fog.




Nocturnal Fog/Stratus Over the Northern Plains

-10 TEMPERATURE DIFFERENCE (K) 0

GOES-10 IMAGER FoiE O05:00 UTC 5 WMAR @1

GOES-10 4 minus 11 um Difference
ABI image (from MODIS) shows greater detail in structure of fog.




Volcanic Ash Plume: 11-12 and 8.5-11 um images

One day after the Mt. Cleveland eruption
20 February 2001, 8:45 UTC

Cleveland, Alaska Photo by US Geological Survey
deve et 5




GOES-R ABI will detect SO2 plumes
Water Vapor Band Difference convolved from AIRS data
sees SO, plume from Montserrat Island, West Indies

13 July 2003, 1700 UTC

SO, Plume
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ABI 7.34 um - 13.3 um Difference, BT (K)

Current GOES Imager can not

detect SO, ABI 7.34 ym — 13.3 um




Total Ozone Loo
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Synthetic 2 km GOES-R ABI
WV Imagery

« Waves are evident in all three ~2 km ABI WV channels, with wave
spatial patterns being far clearer than current GOES-12

« 3 ABI WV channels could provide information on mountain wave
amplitude, as they detect peak signal from differing heights

- Qbserved GOES-12 Band 3 (6.5 micron) Simulated ABI Band 8 (6.2 micron)
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Figure courtesy of K. Bedka and W. Feltz, CIMSS




Satellite-derived winds will be improved with the ABI due to:
- higher spatial resolution (better edge detection)
- more frequent images (offers different time intervals)
- better cloud height detection (with multiple bands)
- new bands may allow new wind products
- better NEdT’s
- better navigation/registration




Using satellite observations (MODIS, MET-8 and AIRS)
to simulate the ABI
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Similar bands on the GOES-12 Imager
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ABI Proxy from MODIS, MSG, and AIRS on 2004 April 11



The additional bands on the Advanced Baseline Imager
(ABI) allow new or improved products

Clouds, etc

Aerosols
“0.47 pm” “0.64 pm”
Snow,
Cloud Particle size
phase
“1.61 pm” “2.26 pm”
WYV, Upper-
Water Vapor level SO?2
“6.95 um” “7.34 pm”
Surface Clouds, Precip.,
features, clouds SST

“10.35 um” “11.2 pm”

Vegetation

“0.86 Lm”

Fog, Fires,
clouds, etc

“3.9 um”

Vol. Ash,
Cloud phase

“8.5 um”

Low-level
Moisture

“12.3 pm”

Cirrus
Clouds

“1.38 um”

Water Vapor,
Precip.

“6.19 pm”

Total Ozone

“9.61 um”

Cloud heights

“13.3 um”




ABl band 2 (0.64 pm) reflectance 2005-06-04

¥

15 minutes of ABI o

ABl band 14 (11.2 pm) BT (K) 2005-06-04
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ABI bands via NWP simulation (CIMSS AWG Proxy Team)

B

d data for 2005 June 04 22:00 UTC




ABI bands via NWP simulation (CIMSS AWG Proxy Team)
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Current attributes: defined to be 1
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Improved attributes with the Future GOES Imagers
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Approximate spectral and spatial resolutions of US GOES Imagers

~ Band GOES-6/7 GOES-8/11 GOES-12/N GOES-O/P GOES-R+
Center (um)

0.47
0.64
0.86
1.6
1.38
2.2
3.9
6.2
6.5/6.7/

Box size represents detector size

“MSI mode”é

Infrared

O EE O S E e | e e




Operational Products from the current GOES Sounder and
how the ABI measurements, along with ancillary data, can

produce legacy products.

Product

Radiances

TPW

Lifted Index

Skin
Temperature

Profiles

Temporal/Latency

ABI ~ 20X faster

ABI ~ 20X faster

ABI ~ 20X faster

ABI ~ 20X faster

Spatial

Comparable
(when averaged)

Comparable
(when averaged)

Comparable
(when averaged)

Comparable
(when averaged)

Accuracy

Comparable for
moisture
information

Sounder more
precise

Sounder more
precise

Comparable

Sounder more
precise for

cloud height

Comments

Only 1 CO, band on ABI
(5 bands on Sounder)

ABI product quality
helped with model
info

ABI product quality
helped with model
info

ABI has extra window
band

ABI ~ 20X faster Comparable Sounder more Worse upper-level T and
(when averaged) precise lower-level moisture
Clouds ABI ~ 20X faster ABI Finer

Moisture winds ABI ~ 20X faster ABI Finer Comparable _

Current Sounder with
more CO2 bands
gives a better height



GOES-R ABI Weighting Functions

ABI Weighting Functions: US Standard Atmosphere / Nadir View
10

Band 7 (3.90um) — 2006 K
Band & (6.18um) — 2354 K
Band 9 (6.95um) — 2434 K
Band 10 (7 .34um) - 254 4 K
Band 11 (8.50um) — 287 9K
Band 12 (9.6 1um) - 262 3 K
Band 13 (10 35um) — 2904 K
Band 14 (11 20um) — 2007 K
Band 15 (12 30um) — 287 9 K
Band 16 (13 30um) — 2705 K
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ABI has 1 CO, band, so upper-level temperature will be
deqgraded compared to the current sounder




GOES-13 Sounder WFs

GOES-13 Sndr Weighting Functions: US Standard Atmosphere / Nadir View
10g
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The GOES-N sounder has 5 CO, bands, more Shortwave
bands than ABI




Profile Information Content

B Temperature information

B Water Vapor (relative humidity) Information
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hPa) + Forecast
The relative vertical information is shown for radiosondes, a high-spectral infrared

sounder, the current broad-band GOES Sounder and the ABI. The high-spectral
sounder is much improved over the current sounder. This information content
analysis does not account for any spatial or temporal differences.




Example spectral coverage

Wavelength (um)
16.67 1250 1000 833 7.14 6.25 5.56 5.00 4.55 417 3.85 3.57
——————————————————— ———
300

[ Current Broadband Sounder
— HES High Spectral Coverage =

r
(o]
o

L]

= |

Brightness Temperature (K)
)
O
o

240+
[l
[
| :
220 3
o
399 1ol 5.l o9 JgsJ o999 991100

500 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Wavenumber (cm’1)

Current GOES Sounder spectral coverage and that possible from an advanced

high-spectral sounder. The broad-band nature of the current GOES limits the
vertical resolution.




ABI to Sounder Noise Comparison

Spec |Spec/4 Measured

ABI NEJR | NEdR SoundernG-12 |(Spec
3.74  0.00094 0.004

3.9 0.004 [JO00IN 3.98  JON0023N 0.008
413 0.0024 0.008
446 0.0066 0.013
452 0.0062 0.013

6.185 0.1  0.025 457  0.0062 0.013

6.95 0.09 [0:0225Y 6.51 (O o.15

7.34 0.055 001875 7.02 005N o0.12

8.5 0.13  0.0325 7.43 0.099  0.16

9.61 071 [oHEN o033

10.35 11.03 O o.16

11.2 1202 OE o.16

12.3 12.66 O 0.5

13.3 1337 OB 0.44
13.64 039 045 |
1406 045 054 |
1437 061 058 |
14.71 077  0.66

from MRD from GOES-1:2 Tech Rep:ort

When taking into account the ABI improved FOV size, the expected noise is less (by
2-5 times) than the current GOES sounders. A factor of 4 was used, the sqrt of 16.




Summary

The ABI improves over the current GOES Imager the
spectral, temporal, spatial and radiometric performance.

The great amount of information from the GOES-R will
offer a continuation of current products (precipitation,
atmospheric motion vectors, SST, radiances, hurricane
Intensity, dust, fog, smoke, fires, clouds, etc) and new
products (upper-level SO,, vegetation, cloud micro-physics,
atmospheric waves, etc).

The potential benefits of ABI on the GOES-R series beyond

the benefits of the current system are more than $4B.
(Thursday talk: Potential Socio-Economic Benefits of GOES-R)




The ABI applications relate to:
weather, ocean, climate, cryosphere, land, and hazards, etc.

5 Minute Box-Averaged Cloud Top Coo_l_i_ng Rate: 20011009 at 2045 UTC
.

-B.0

Brightness Temperature Difference (K)
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NDVI (P. Romanov) Icing Threat (W. Smith, Jr.)



More information
Poster session (this conference) |

GOES-13 NOAA Tech Report #125:
o http://rammb.cira.colostate.edu/projects/goes nl

GOES and NASA:
e http://goespoes.gsfc.nasa.gov/goes/index.html
e http://goes.gsfc.nasa.gov/text/goes.databookn.html

ABI| Research Home page:
e http://cimss.ssec.wisc.edu/goes/abi/
o ftp://ftp.ssec.wisc.edu/ABI/SRF
AMS BAMS Article on the ABI (Aug. 2005) [ Bl

ARTICLES




ABI Clear-sky Weighting Functions

r

% ABI Weighting Function Examples -- CIMSS - Mozilla Firefox
File Edit Mew History Bookmarks Tools Help

<3 - - @ ﬁ | L] htkp:ffcimss, ssec.wisc,edufgoes vl AT | A | [ l "|abi wiighting Function cimss

ABI Weighting Function Examples

Satellite Instrument / Zenith Column Moisture Skin Temperature
Band Angle % Adjustment

[0 Band 7 (3.9 um) r10° 10% 10K
[ Band 8 {6.19 pum) ner _ 0 s° 20% 8K
(] Band 9 (6.95 um) L1 Midlatitude VWinter | [ 10° 30% B K

O Band 10 {7.24 um) O Us Standard =TS A0% 4K
[0 Band 11 (8.5 pm) 20° 0% “2 K
0] Band 12 (3.61 um) M'%Q 0 25° )U% + 0K
[0 Band 13 {10.35 pm) T 70% + 2K
(11.2 um) ] 35° 80% +4K
=T O 40° 90% + 6K
[ 45° 100% +8K

+ 10 K

] 55° ect all | Clear all
B0° Select all | Clear all

B ¥l

O 7o°

select all | Clear

Mumber of

© Fanel ogdle @ Fader




http://cimss.ssec.wisc.edu/goes/wf/ABI/

r | = =
%3 ABI Weighting Function Examples -- CIMSS - Mozilla Firefox M=1E3
File Edit Wiew History Bookmarks Tools  Help

e->-€w i

L] http:ffcimss.ssec.wisc.edu/goeswE 8B viewimages html?viewkype=panelésatbandyalues=I168atmosvalues=18zeni | A | I}l "|abi weighting function cimss = l

ABI Weighting Function Examples
© Pane ader

rd Tropical Atmosphere
Thh=275 1K ZEN=20 TPW=57 03mm SkinT +0K
| Band 16 (13.3 um)

ward Tropical Atmosphere
Thh=267 4k ZBp=60 TPW=57 03mm SkinT +0K
A Band 16 (133 um)

Fressure (hPa)
Fressure (hPa)
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