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PREFACE

To perform the NOAA-18 instrument on-orbit verification, NOAA/NESDIS/Office of Research and
Applications (ORA) organized a calibration and validation (cal/val) team including the members
from all ORA divisions, Joint Center for Satellite Data Assimilation (JCSDA), and other NWP
centers. Our strong coordination and integrated research have led timely and accurate diagnosis of all
possible factors affecting the instrument on-orbit performances. The anomalies associated with
NOAA-18 HIRS/4 noise was first detected from ORA cal/val team and later confirmed from several
independent observations. Our team provided many root cause analysis for the HIRS noise issues and
have led further investigations by NOAA-18 instrument vendor, NOAA-18 program manager and
others. Unlike the past cal/val activities which primarily involve the works from a few ORA
calibration scientists, our NOAA-18 cal/val activities have been expanded to include following tasks:

e Monitor and quantify instrument noise though analyzing calibration target counts and channel
space view measurements

e Assess instrument geolocation biases and co-registration and provide recommended solutions
for satellite roll and pitch adjustments

e Characterize other systematic biases in radiance through rigorous forward modeling and inter-
satellite calibrations

e Provide initial demonstration and assessments of NOAA-18 data for improving numerical
weather prediction

¢ Validate product algorithms (e.g. ATOVS and MSPPS, TOAST, UV index, NDVI, SST,
AOQOD) for transition into operation

e Communicate with NOAA-18 OV team, instrument vendors and users with timeliness
diagnostics of instrument performances and provide root cause analyses

Most of these activities have directly supported the tests required in NOAA-N OV test plan.
However, we also make sure our calibration results such as NEDT, bias correction algorithm and
other quality control information timely delivered to NWP centers for their best preparation of uses of
NOAA-18 data in operational data assimilation systems. The key findings from our cal/val results
are

e Despite the significant noise drop since launch, some longwave channels of the NOAA-
18/HIRS do not meet the NEDN specification. Meanwhile, the noise at its long wave channels
continues fluctuating. HIRS channel 1 noise can not be quantified because of saturation of its
space view count. To provide sustainable monitoring and analysis of HIRS noise, ORA has
developed a website tool for HIRS noise trending analysis
http://www.orbit.nesdis.noaa.gov/smcd/spb/multisensor/hirs/). We are planning to expand this
capability for other instruments. Overall AMSU-A calibration is good with quality control
flags being properly set whenever there is anomaly in the data stream. On-orbit AMSU-A
NEAT at all channels meets specification

e Overall MHS calibration is good with quality control flags being properly set whenever
anomaly occurs. The NOAA-18 MHS NEAT for each channel is better than that of AMSU-B

e AMSU-A sounding channels continue displaying cross-track asymmetry in radiance. Several
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antenna pattern correction algorithms were tested in order to reduce the asymmetry. It is found
that for NOAA-18 AMSU-A, the antenna pattern correction coefficients measured from beam
position 30 provide an optimal bias correction with a result of the smallest asymmetry.

e Initial post-launch calibration update for AVHRR solar channels was implemented. Results
seem reasonable but expected to improve with time.

e The Met Office, UK have reported large positive impacts on NWP forecast scores from
assimilating AMSU-A and MHS measurements.

The OV test results are summarized in Table 1 and details are give in individual articles. Appendix
lists some of the presentations, which were presented at an ORA Cal/Val Work Group Meeting on
August 9, 2005. If you have any technical questions, please contact Fuzhong.Weng@noaa.gov or

Dr. Fuzhong Weng, Chief

Sensor Physics Branch

Satellite Meteorology and Climatology Division
Center for Satellite Applications and Research
NOAA/NESDIS

5200 Auth Road, Room 712

Camp Springs, MD 20746

USA


mailto:Fuzhong.Weng@noaa.gov

Table 1. NOAA-18 On-orbit Verification Conducted by NOAA Scientists.

Principal
Task # Task Name Status Key Results Investigators
AM1T005/2
005 Instrument trending Completed |stable Mo
AM1007/2
007 Determination of optimal space view Completed |A1 @ SV1, A2 @SV2 Mo
AMT008/2
008 noise measurements-all channels Completed |Meet the spec Mo
AM1009 |satellite to satellite comparison Completed |some difference Mo
AM1010/2
010 BB PRT temperature accuracy Completed |meet spec Mo
A1 cross-track
AM1011 |Earth-scence bias characterization Completed |asymmetry Weng, Kleespies
AM1012/2 Along &cross track Kleespies,
012 Channel co-registration Completed |errors are quatified Bennartz, Chalfant
MHS010 [Lunar contamination in space view on-going Capture some signals Mo
Along &cross track
MHS011 |Channel registration Completed |errors are quatified Chalfant, Kleespies
Generally bias < 0.5K,
MHS013 |MHS/AMSU-A 89 GHz comparison Completed |nearly 1.0K in limb Boukabara
Small particular cross-
MHS014 |Earth-view bias characterizations Completed |track asymmetry Kleespies
noticable difference at Reale, Ferraro,
MHS016 |MHS radiometric comparison with AMSU-B |Completed |Ch17, 20 Kleespies
SBUAO1 |Range 3 Cathode/Anode Completed |Consistent Change SSAI
SBUO12 |Diffuser and Solar Partially Significant SSAI
SBUOQO7 _|Wavelength Scale Completed [Small Shift SSAI
SBUAO5 |OOBR estimation from position mode Partially Correction Needed Flynn/SSAI
SBUA11 |NOAA-16 Comparison Partially Differences noted Kondragunta
AVHOO5 |space clamp noise and stability Completed [stable Sullivan
AVHO10 |NEDT/Dynamic range - channel 3B,4,5 Completed |meet the spec Sullivan
AVHO11 |instrument stablity - channels 3B,4.5 Completed |stable Sullivan
AVHO14 |operational calibration Completed |ch1,2,3A — Wu/Sullivan
AVHO018 |Detection of land-sea boundary Completed |nearly one pixel offset Sullivan
AVHO19 [NOAA-18,17, and 16 comparison Completed [NDVI/SST/Aerosols Tarpley/lgnatov
AVHO022 |striping evaluation Completed |No striping Wu/Sullivan
HIRO11 NEDN - IR channels Completed |Out of spec for most chs Cao
HIR012 |Instrument stability Completed |noise fluctuated Cao
HIRO13 Jinstrument trending Completed |new website Cao
HIR0O14 |Detection of land-sea boundary Completed |no geolocation errors Chalfant/Cao
HIRO15 |Satellite-to-satellite comparsion on-going Some biases Reale
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1. NOAA-18 HIRS ON-ORBIT VERIFICATION by Changyong Cao

1.1. NEDN Monitoring —IR channels

Plots of the NEDN of each IR channel during the OV period are used to monitor its stability over
time. IDL software was developed for this test. An online instrument performance trending system
is also developed for NOAA-18/HIRS and is updated daily. The website is at:
http://www.orbit.nesdis.noaa.gov/smcd/spb/multisensor/hirs/.

Specified ITT Goal 15° Baseplate

Channel NEdN NEdN* NEdN for H303*
1 3.0 0.75 2.085
2 0.67 0.25 0.262
3 0.50 0.25 0.165
4 0.31 0.2 0.080
5 0.21 0.2 0.062
6 0.24 0.2 0.067
7 0.20 0.2 0.035
8 0.10 0.1 0.015
9 0.15 0.15 0.024

10 0.15 0.1 0.034

11 0.20 0.2 0.020

12 0.20 0.07 0.026

13 0.006 0.002 0.001

14 0.003 0.002 0.001

15 0.004 0.002 0.001

16 0.004 0.002 0.001

17 0.002 0.002 0.001

18 0.002 0.002 0.001

19 0.001 0.001 0.001

* For information only
The HIRS H305 instrument NEDNs for all shortwave IR channels met the specification. However,
most longwave channels failed to meet the specification, specifically:

1). Shortly after launch, it was found that the noise was 4-5 times of the specification for most
longwave channels. The noise dropped exponentially within a few months and several channels
(such as ch 3, 8, 12) began to meet the specification by early September.

2). The noise increased significantly starting September 21, 2005, possibly triggered by a vibration
originated from the solar array slew. As of October 3, 2005, all longwave channels do not meet the
NEDN specification. Also, crosstrack striping are clearly visible on the images and the longwave
channels cannot be used for product generation.

3). Shortly after launch, channel 1 spaceview counts drifted out of the dynamic range and therefore
this channel cannot be calibrated.
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(4). Weekly telecons have been held to investigate the HIRS/NOAA-18 noise problem. A technical
interchange meeting was also held at ITT on September 29, 2005. Many possibilities have been ruled
out but the root cause for the noise has yet to be determined.
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Figure 1. HIRS/NOAA-18 noise do not meet the instrument specification, despite the significant
drop since launch. NEDN for each calibration cycle for channel 2 is shown here. Other longwave
channels similar. Red line represents the instrument specification for the channel.
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Figure 2. HIRS/NOAA-18 shortwave channel noise meet the instrument specification. Every
calibration cycle is included in the figure here. The red line represents the NEDN specification for
the channel. Channel 13 NEDN shown here, and other channels similar.
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Figure 3. Example orbit of HIRS/NOAA-18 data. All channels are shown here. Long-wave channels
do not meet the NEDN specification. Note the large noise in the cold channels sensing the upper
atmosphere and water vapor (ch12). Sample orbit taken from June 7, 2005.

After several months of investigation, a general consensus was reached that the HIRS/NOAA-18
(Model H305) is extremely sensitive to both external and internal vibration-induced disturbances. It
is possible that this high sensitivity is only specific to this model H305, but analysis also shows that
there may be design issues with the HIRS/4 series with a 10 km resolution (which required several
design changes to the previous model). ITT and the government team are working hard to find the
“root cause” of the noise problem.

Currently the HIRS/NOAA-18 long-wave channels are very noisy and the data from several channels
cannot be used in the operations. While it is possible that the noise may decrease when it stabilizes
as it occurred previously, there are considerable risks in relying on data from this instrument for
operational use. It is recommended that the impact on operations should be assessed and possibly
alternative solutions should be considered. It is noted that if the root cause is traced to the optical
design, it may also introduce uncertainties for other HIRS/4 models on future spacecrafts.



1.2. Instrument Stability

Instrument stability is monitored as calibration curve (slope and intercept) behavior for channels 1-
19. Slopes and intercepts for both daily averages and sample orbits were plotted to examine the
stability during the OV period. IDL software was developed for this test. In addition, an online
trending system is developed to monitor the changes. Samples of level 1b data from day 160 to day
240 were used.

Despite the large noise in the long-wave channels, the slope and intercepts are relatively stable for
both the long-wave and shortwave channels of HIRS/NOAA-18. A small downward trend is
observed in the shortwave channels slopes, probably related to instrument degradation over time.
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Figure 4. Despite the large noise, the slopes for the long-wave channels are relatively stable. The
stability improved as the noise decreased. Channel 2 slope is shown here, and other channels are
similar.



intercept ch2
, . : .

—20

—40

—G0

—8&0

intercept, mwW/(m” sr cm™")

—100

—120[C_ . . . 1 . . . 1 . . . !
160 180 200 220
Julian Date
Figure 5. The intercept represents the change in the self-emission of the instrument. During the OV
period, the intercept is relatively stable. The stability improved over time as the noise decreased.
Intercept for channel 2 for all calibration cycles are shown here. Other channels are similar.
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Figure 6. The slopes for the short wave channels are stable. The downward trend is probably related
to degradation over time, which has been seen for previous instruments.
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Figure 7. The intercept for the shortwave channels are stable. The spike around day 194 is caused by
the test of filter wheel in high power mode for noise diagnosis. Intercept for channel 13 for all
calibration cycles are shown here. Other channels are similar.

1.3. Major Navigation Errors

High resolution digital map is overlaid on HIRS window channel images to check for major
navigation errors (> 1 FOV). The HIRS/NOAA-18 nadir positions were independently predicted
with SGP4 orbital perturbation model using the same timing information embedded in the level 1b
data. The predicted latitude/longitude were compared with those of the nadir pixels in the level 1b
data. The results show that the distance between the level 1b and the predicted locations vary
between 0 -3 KM over an orbit. In addition, the HIRS images are overlaid with digital maps to check
geolocation accuracy. The results show that there are no major displacements in the HIRS
navigation.
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Figure 8. Distances between independently predicted and level 1b nadir positions vary between 0 -3
KM, suggesting that the geolocation error is small.
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2. NOAA-18 AMSU-A ON-ORBIT VERIFICATION by Tsan Mo

The NOAA-18 AMSU-A On-orbit Verification was performed at the NOAA Office of Research and
Applications (ORA) A systematic post-launch calibration and validation (Cal/Val) of the AMSU-A
instrument performances were conducted with on-orbit data. The long-term trends of the radiometric
counts from the cold space and warm targets, channel gains, NEAT, and the housekeeping sensors
and are monitored for checking the instrument performances. Some sample results are presented in
the following.

In addition, the angular distributions of the observed brightness temperatures over the Libyan Desert
are also employed for evaluation of the instrument performance. The results from both NOAA-16
and NOAA-18 measurements are presented for comparison. The AMSU-A is the first satellite borne
instrument that has provided good measurements of angular distributions of brightness temperatures
over global scenes. Observed brightness temperatures over selected areas (e.g., the Libyan Desert)
have been used for evaluation of the instrument performancel. The establishment of a land
calibration target is an important addition to the few tools available to date for calibration and
validation of space-borne microwave instruments.

Figure 1 shows the long term trending of radiometric cold counts starting from May 30 to October 1,
2005. Each data point represents an averaged value over an orbit of data. There are some elevated
values at channel 15 from day 210 to 260. Similar elevated values are also observed in the warm
counts (see Fig. 2). The cause of these elevated values in the calibrations is unknown at the present
time and its impact on the measured brightness temperatures remains to be determined. Figure 2
presents the long term trending of radiometric warm counts. The trending of channel gains is shown
in Figure 3 whereas that of NEAT is displayed in Figure 4. The trending of antenna motor
temperature and current for both AMSU-A1 and AMSU-A2 is given in Figure 5 which also shows
the temperature and current of the AMSU-A2 compensator motor. The antenna pointing accuracy
was selectively checked at the beam positlons #1, 15, 30, cold and warm calibration positions,
respectively. The results are shown in Figure 6. The nominal readings of position counts are also
listed in plots. The AMSU-A specification allows +10 counts of the position readings from the
nominal values. The Cold Calibration position reading does not meet the specification. According to
Northrop Grumman, the nominal value for this position should be 741 instead of 714 (as a typo in the
AMSU-A Calibration Log Book). The angular distributions of NOAA-16 and NOAA-18 AMSU-A
brightness temperatures observed over Libyan Desert at the 4 window channels are shown in Figure
7. The AMSU-A asymmetries were corrected by the antenna pattern correction. In Figure 7, the
angular distributions of observed brightness temperatures from the two satellites are compared. The
measured brightness temperatures are approximately the same. The NEAT values of individual
channels for both pre-launch and on-orbit were calculated and the results are shown in Figure 8.

Overall, the NOAA-18 AMSU-A calibration is good with quality control flags set properly whenever
there is any anomaly in the data stream. The NEAT values calculated from the on-orbit data meet the
specification. The Cal/Val of The NOAA-18 AMSU-A is considered successful.

1 Tsan Mo, “A study of the NOAA 16 AMSU-A brightness temperatures observed over Libyan Desert,” J. Geophys. Res.
107, D14, 10.1029/2001JD001158, 2002.
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Figure 1. NOAA-18 AMSU-A: Long term trending of radiometric cold counts. Note the elevated
values at channel 15 from day 210 to 260.
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NOAA-18 AMSU-A CAL/VAL: Orbital Mean Warm Counts
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Figure 2. NOAA-18 AMSU-A: Long term trending of radiometric warm counts. Note the elevated
values at channel 15 from day 210 to 260.
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NOAA-18 AMSU-A CAL/VAL: Orbital Mean Gain
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NOAA-18 AMSU-A CAL/VAL: NEAT
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Figure 4. NOAA-18 AMSU-A: Long term trending of NEAT.
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Figure 5. NOAA-18 AMSU-A: Long term trending of antenna motor temperatures and currents.
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Figure 6. NOAA-18 AMSU-A: Validation of antenna pointing accuracy. The nominal position
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Figure 7. Comparison of NOAA-16 and NOAA 18 AMSU-A Brightnesstemperatures observed over
the Libyan Desert in July 2005. The pluses denote the ascending (2 PM) data and the crosses are the
descending (2 AM) data. The solid curves are the best-fit results with a radiative transfer model.
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Figure 8. NOAA-18 AMSU-A NEAT: Comparison the pre-launch NEAT values with respect to
those obtained with on-orbit data.

2.1 Determination of Optimal AMSU-A Space Vies (SV)

Determination of optimal AMSU-A Space Views was performed following the procedure established
in NOAA-16 AMSU-A OV. The linearly fitted parameters and the adjusted daily averaged counts
are listed in Tablel. Optimal space counts are shown in red. The AMSU-A1 SV1 and AMSU-A2
SV2 are shown as the optimal space views. These are the same as in case of NOAA-16 AMSU-A.
SV4 data, which were taken at unstable condition, are not used.

Table 1. Determination of of Optimal AMSU-A Space Views. Optimal space counts are in red.
Intercept [Slope Adjusted Daily Averaged Counts ]RMS
Channel (count)  |(count/day) Al at SV3|Al at SV2|Al at SV1 (count)
A2 at SV3|A2 at SV1|A2 at SV2
1 12022.90 | 0.4439 |12092.21 [12093.97 |12090.42 1.32
2 11466.83 | -0.6013  |11372.38 |11371.78 [11374.82 0.88
3 12250.27 | 2.3829 12626.65 [12623.26 [12617.00 [2.06
4 12393.10 | 1.3689 12609.36 |12607.54 [12603.82 [2.23
5 13011.71 | -0.1275 12992.20 [12991.09 |12992.72 |3.33
6 11938.70 | 3.1328  |12432.46 |12431.40 [12419.78 |1.67
7 12563.17 | 0.9799 12717.90 [12716.80 |12713.93 |1.77
8 12005.29 | 1.1724 12189.54 |12190.70 |12184.80 [1.67
9 12315.68 | 1.1774 |12501.16 |12500.93 [12496.40 |1.60
10 11908.23 |2.8906 12363.44 [12363.48 [12351.73 |1.81
11 9524.21 |19.0746 12527.40 [12528.68 [12450.17 }4.43
12 0542.91 |20.4934 12769.23 [12771.28 |12686.27 [|4.21
13 7782.48 |25.2434  |11756.25 [11759.67 [11654.05 }4.14
14 8757.59 |25.4258 [12760.35 |12763.18 |12657.42 [5.65
15 12903.66 |-0.2790 12860.21 |12859.29 [12861.34 |[3.53

3. NOAA-18 MHS ORBIT VERIFICATION by Tsan Mo

The NOAA-18 MHS On-orbit Verification was performed at the NOAA Office of Research and
Applications (ORA). A systematic post-launch calibration and validation (Cal/Val) of the MHS
instrument performances were conducted with on-orbit data. Scan-by-scan examination of the early
orbits of data were conducted to check the operational software and the instrument performance. The
long-term trends of the radiometric counts from the cold space and warm targets, channel gains,
NEAT, and the housekeeping sensors and are monitored for checking the instrument performances.
Some sample results are presented in the following.

Overall, the NOAA-18 MHS calibration is good with quality control flags set properly whenever
there is any anomaly in the data stream. The NEAT values calculated from the on-orbit data meet the

specification. The NEAT values are about a factor 2 smaller than the corresponding ones of AMSU-
B. The Cal/Val of The NOAA-18 MHS is considered successful.
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Figure 1 shows some of NOAA-18 MHS sample data of scan-by-scan radiometric space and warm
calibration counts. Sample data of scan-by-scan channel gains and blackbody radiometric
temperatures are shown in Figure 2. Comparison of the NEAT values obtained from the pre-launch
calibration data and the on-orbit data, respectively, are presented in Figure 3.

Figure 4 shows the NOAA-18 the OV of the MHS PRTSs by calculating the difference of the
minimum and maximum PRT temperatures from individual scans. The procedure is as follows,
(1). Compute the temperature difference, AT(=max. — min.) for each scan

(2). Plot the frequency distribution of the AT values

(3). Identify individual PRTs that introduce AT larger than 0.2K which is the MHS specification.

Lunar contamination in the space counts was observed during the OV period and this is shown in
Figure 5. Only the first sample of the space counts is contaminated.

Long-term trending of the radiometric space and blackbody calibration counts is presented in Figure
6. The discontinuities at channels 18 and 19 are due to change of the offsets of the A/D converters.
Long-term trending of the channel gains and NEAT is shown in Figure 7.

Figure 8 shows the NOAA-18 MHS long-term trending of the blackbody temperature and two
instrument temperatures.
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Figure 1. NOAA-18 MHS: Sample data of scan-by-scan radiometric space and warm calibration
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Figure 2. NOAA-18 MHS: Sample data of scan-by-scan channel gains and blackbody radiometric
temperatures.
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Figure 3. NOAA-18 MHS: Comparison of the NEAT values obtained from the pre-launch
calibration data and the on-orbit data, respectively.
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NOAA-18 MHS CAL/VAL: Averaged calibration Counts
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Figure 6. NOAA-18 MHS: Long-term trending of the radiometric space and blackbody calibration
counts. The discontinuities at channels 18 and 19 are due to change of the offsets of the A/D
converters.
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Figure 7. NOAA-18 MHS: Long-term trending of the channel gains and NEAT.
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4. NOAA-18 AVHRR ON-ORBIT VERIFICATION by Jerry Sullivan and Xianggian Wu

The following tests were performed at ORA. A brief description and the test results for individual
tests are given as follows,

4.1. NOAA-18 and NOAA-17 Comparison.

To verify that NOAA-18 AVHRR Channel 1, 2, and 3A radiances comparable to those from the
NOAA-17, two Simultaneous Nadir Overpass events (when NOAA-18 and NOAA-17 viewed the
same nadir point within a minute) are examined. It is that the difference between NOAA-18 and

NOAA-17 AVHRR is 0.2%-0.4% for Channel 1 and 0.9%-1.2% for Channel 2. Channel 3A has been
deactivated.

4.2. Change in Response of the Visible Channels.

To quantify the response change of visible channels 1, 2, and 3A on the “day after launch” multiple
nadir observations of Libyan Desert by NOAA-18 AVHRR Channel 1 and 2 were obtained during the
OV period. These, together with the bidirectional reflectance distribution functions derived in the
past, enabled the calibration update immediately after launch. It was found that the pre-launch
calibration overestimates the Channel 1 reflectance and underestimates the Channel 2 & 3A

reflectances. In general, NOAA-18 AVHRR is similar to other AVHRR/3 starting with NOAA-15.
(see Fig.1)
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Figure 1. Initial assessment of NOAA-18 AVHRR VIS NIR calibration
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4.3. Space Clamp Noise and Stability

To ensure that the space counts are clamped by the electronic circuitry to a constant value,

a running 120-scan line block (1 minute) of GAC data was used to compute the space count average
and standard deviation from the average for an entire orbit to monitor stability as a function of time in
orbit. The process is repeated for 14 orbits (1 day) to monitor stability as a function of day. Plot the
data in time series form for ease in checking (June 6, 2005 - 14 orbits GAC)

For all three AVHRR thermal channels, the short-term space count averages (120 scan lines) differ by
only 0.1 to 0.2 counts from the long-term daily average, which has a value of approximately 990
counts.

4.4. Striping Check - Channels 3B, 4, and 5

To verify that there is no “horizontal striping” in the thermal channel data, the PRT data with
consecutive scan line groups in an orbit where the RMS difference of the Internal Calibration Target
(ICT) temperature from the average being less than 0.03K is employed. (Groups of 120 scan lines
usually occur). For these 120-scan line GAC data blocks, compare the ICT count line-to-line
variance value to the ICT count within-line variance. Many orbits were randomly selected during
June-August, 2005.

Horizontal striping occurs when calibration count noise is not distributed randomly within a group of
scan lines but rather tends to act as a positive count bias across some scan lines and as negative bias
across others, producing “horizontally-striped” count noise characteristics. The presence of
horizontal striping is tested for by a statistical index, defined as the ratio of the within-line count
variance divided by the line-to-line count variance. For a sample of 10 ICT counts per scan line and a
large enough number of scan lines (120 suffices), the theoretical ratio should be 9 for a truly random
distribution of count noise. We have found empirically that a ratio of 3-4 or greater indicates that
striping will not be a problem for NESDIS products. In general, ratio values show that NOAA-18
thermal channels 3B, 4, and 5 have no striping problems. A small percentage of the channel 5 120-
scanline blocks have ratios near the lower limit. Randomly selected orbits throughout the OV period
reproduce the same conclusion.

Within-line variance = Compute the count average for a single scan line, then the variance around
this average. Repeat the process for all 120 scan lines, add the 120 individual variances together, and
divide by 120.

Line-to-line variance = Compute the grand count average using counts from all 120 scan lines. For
each scan line, subtract the grand average from the individual scan line count average, square the
result, add the squared differences from 120 scan lines, and divide by 120.

4.5. Stability of Thermal Channels 3B, 4, and 5 When Viewing the Internal Calibration Target (ICT)
To monitor the stability of thermal channels 3B, 4, and 5 when they view the ICT during an
“isothermal” part of the orbit, the PRT data, locate consecutive scan line groups in an orbit where the
RMS difference of the ICT temperature from the average being less than 0.03 K were used. (Groups
of 120 scan lines usually occur). Using data from these “isothermal” scan line groups, compute the
average and standard deviation of the ICT count data for GAC datasets throughout a day on June 6,
2005 For 120-scan line GAC blocks and stable internal blackbody (ICT) temperatures, the NOAA-
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18 thermal channel response generally alternates between a given count value and the count value
closest to it; for example, the output is either 538 or 537 counts. The RMS variation around the 1-
minute average is typically around 0.5 counts for N-18 channels 3B, 4, and 5.

4.6. Examination of the “Stray Light” Problem at Channels 3B, 4, and 5

To monitor the intensity and duration of the stray light problem is required as the AVHRR has a
large scan swath of 55 degrees on either side of nadir, certain sun / instrument geometries allow
unwanted radiation to leak into the AVHRR. Plot the Internal Calibration Target (ICT) blackbody
temperature and the AVHRR (delta) count output when viewing this blackbody, as a function of time
or scan line. During an orbit the ICT temperature changes by ~ 2K. Over this small temperature
range, the ICT temperature time series and the AVHRR count output time series when viewing the
ICT should overlap, when properly scaled. Anomalies indicate portions of the orbit where unwanted
radiation is encountered for the GAC orbit on August 25, 2005

Figure 2 shows the ICT temperature / AVHRR count output time series as a function of scan line, for
a GAC orbit from August 25, 2005. Darkened circles near the bottom of the figure indicate when the
satellite is in darkness; yellow circles indicate that the satellite is in sunlight. After the satellite
moves from darkness into light near scan line 6,800, there is a small anomaly (bump) in the AVHRR
channel 3B count output. When converted to brightness temperatures, this count anomaly leads to an
unrepresentative temperature error of about 0.15K. Channel 4 and 5 temperature errors are smaller.
These fairly small errors are typical for AVHRRS on satellites that have an afternoon orbit, such as
the NOAA-18. Randomly selected orbits throughout the OV period always reproduce this
conclusion.

NOAA-18 AVHRR ch. 3B

GAC NN . DO5Z37 08 :48

®PRT Temp. B AVHRR count

i SCANL INE 6,000 12,000
Figure 2. Near scanline 6,800, the AVHRR count output curve (blue) jumps slightly from the PRT
temperature curve (red). This amounts to a 0.15 K anomaly, which is most likely due to stray light.

4.7. NOAA-18 and NOAA-17 Comparisons for the Thermal Channels.

To verify that NOAA-18 AVHRR radiances/temperatures and the NOAA-17 AVHRR values
comparable, the SNO method was used. A few times each month at latitudes close to either Pole, the
Earth tracks from any two polar orbiting satellites match closely in the sense that each AVHRR views
the same nadir pixel (separation distance ~ 1 km) less than one minute apart in time. Scene variables

31



and viewing angles change very little in 30-60 seconds. Obtain NOAA-17 GAC data sets that match
NOAA-18 GAC data sets closely in space and time. Compare radiance/temperature values for
thermal channels 3B, 4, and 5.

On June 19, 2005 at 15:05:42, the nadir sub-point of the NOAA-18 satellite was in the middle of
Greenland at (43.78W, 71.25N). 52 seconds later, the nadir sub-point of the NOAA-17 satellite was
at nearly the same location (43.78W, 71.24N). During 52 seconds the sun moves little so the viewing
geometry for both AVHRRSs is very similar. Also, land/sea temperatures and cloud properties change
very little. This provides an excellent opportunity to compare the responses of the NOAA-18 and the
NOAA-17 AVHRR thermal channels. Furthermore, the interior of Greenland is a fairly
homogeneous surface and summer temperatures change relatively slowly during the day. Figure 3
shows “modified” channel 4 count values from the two AVHRRs. (Modified means I subtracted 598
counts from N-18 and 595 from N-17, to make easily-readable single integer values.) The spatial
patterns match very well. When counts are converted to radiance and radiance converted to
equivalent brightness temperature, the 150-pixel area-averaged temperatures for channel 4 from the
two AVHRRSs are within 0.05K of each other. This was the best case, most likely because of the
homogeneous surface in Greenland. Other matchups showed area-averaged temperature differences
in the 0.2K to 0.4K range. Channel 5 showed similar results.

GAC data June 19, 2005
AVHRR ch. 4 COUNTs Nadir separation= 0.6 km

Location Overpass time
NOAA-18 (43 .78W. 71 25N) 15:05:42 266 47K
NOAA-17 (43.78W, 71 .24N) 15:06:34 266 42K

Figure 3. AVHRR Channel 4 counts for NOAA-18 (red) and NOAA-17 (blue). The green centers of
scenes were 1 km and 1 minute apart. Count patterns correlate well and the 150-pixels temperature
averages (box on lower right) were only 0.05 K apart.

4.8. Navigation (geo-location) using visible channel imagery

To quantitatively determine the geo-location accuracy the AVHRR 1b LAC, the Normalized
Difference Vegetation Index (NDVI), defined by

NDVI = (A2-Al)/ (A2 +Al),

where Al = channel 1 albedo and A2 = channel 2 albedo is an excellent land/sea indicator. The
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contrast in the index between land and sea is large, even when channel albedos are only
approximately calibrated. Values of the index > 0 indicate land and values < 0 indicate water. For
each LAC pixel, the index is given the appropriate color and plotted on the computer screen in the
Plate Carree projection ((long,lat) -> (X,y)), using longitudes and latitudes from the AVHRR 1D file.
In addition, a geographical boundary from the World Vector Shoreline (WVS) file is overlaid on the
Image as a reference. The positions of the water screen pixels that “leak” onto land (and vice-versa)
are converted to actual distance in kilometers, to assess the accuracy.

LAC orbits were selected during the OV period. Figure 4 shows the results of the test, applied to one
day from the OV period. The same result occurred on every orbit | tested during the summer 2005
period. The NDVI is imaged for the area in and around Lake Michigan, USA. This area was chosen
because of its quasi-rectangular shape, useful for determining both along-track and cross-track
navigation errors. Data was collected on days where the nadir ground path (shown in red in Fig. 4)
passed through Lake Michigan. LAC nadir pixels are nearly 1 km x 1 km in area. Pixels that the
NDVI designates as land are colored green and those designated as water are colored black. The
pixels were plotted on the screen in a straight longitude-latitude projection, called Plate Carree, and at
a resolution where 1 screen pixel = 1 km. The longitudes and latitudes for the pixels were obtained
from the NESDIS 1b file. Overlaid on top of the NDVI image is the outline of the Lake Michigan
shoreline, obtained by plotting longitudes and latitudes from the WVS database, plotted in the same
projection as the NDVI image. The accuracy of the WVS database is reported as 0.5 km. Basically,
if the eye sees any “leak” of water to land or vice-versa, the navigation error is 1 km or greater.
Semi-quantitative computer tests, where the image was shifted pixel by pixel in both the vertical and
horizontal direction, confirmed that the NESDIS LAC 1b navigation was off by approximately 2-3
pixels along-track and 1-2 pixels cross-track. Performing the same test using the coast of Florida,
USA gave the same results.

It seems that the geo-location should be more accurate; as the NOAA-17 AVHRR LAC data had a
geo-location error closer to 1 km. More tests will be taken to confirm these results.
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Figure 4. NOAA-18 navigation, comparing land/sea tags indicated by a standard vegetation index
(NDVI) and NESDIS 1b (long, lat) coordinates with the World Vector Shoreline coordinate in
yellow.
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5. NOAA-18 SBUV/2 ON-ORBIT VERIFICATION by Larry Flynn

The following tests were performed at ORA. A brief description and the test results for individual
tests are given as follows,

e Range 3 Cathode: Collect data in Range 3 cathode mode to evaluate instrument performance.
It was found that the Range 3 data noise was consistent with the NOAA-16 SBUV/2 instrument.
Interrange ratios were consistent with pre-flight alterations.

o CCR/Monochromator Comparison: Collect data using wavelength at 380 nm to simulate cloud
cover radiometer (CCR) bandpass at 380 nm with monochromator wavelength. This test was altered
to use a single wavelength as the three-wavelength test with NOAA-17 showed good correlation of
all three channels. Obtain a baseline for comparison of the PMT and the photometer. The test was
completed successfully. Baseline was established.

e Out-of-Band Response Estimation: Collect data in normal Earth-view using position mode at
standard profiling wavelengths to evaluate stray light. Part of this test was completed successfully in
OV. Measurements at two additional wavelengths were taken after OV. Comparisons of
monochromator variations to photometer variations provided estimates of OOBR.

e Range 3 Noise Periodicity: Check for 8-second periodicity noise seen on NOAA-16 SBUV/2.
Used data from SBUAOL and SBU012. No evidence of this problem. A variation in pitch was found
in the solar measurements and report to the pitch anomaly team.

e Range 1 Noise Levels: Check for noisy Range 1 measurements seen on NOAA-16 SBIV/2. Used
dark-side measurements in SBUQ004. Noise for Range 1 is not at elevated levels.

e Mg Il in Earth View: Estimate additive stray light in OOBR from measurements across a solar
feature at 280 nm in Earth-view. Test was performed in OV. Data are awaiting analysis.

e Comparisons to NOAA-16 SBUV/2: Establish a baseline for differences between the two
instruments measurements and ozone retrievals. Comparisons continue as NOAA-18 SBUV/2
calibration and characterization adjustments are implemented. The goals are less than 1% bias
between total ozone and reflectivity products and less than 5% bias between ozone profile products.

Additional Trending recommendations (during OV and beyond)

e Instrument Throughput : Monitor changes in instrument throughput as dichroics outgas water
vapor. There is inadequate frequency of solar diffuser measurements to characterize changes. (Note:
SBUO013 was not performed.)

e Mg II Index: Begin producing Mg II Index as soon as possible. There is inadequate frequency of
solar diffuser measurements to make index.

e Range 3 Anode/Cathode Evolution: Track performance of photometer in cathode versus anode
mode. Measurements started with SBUAO1 and are repeated weekly in the operational schedule.
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e Monochromator/Photometer Evolution: Track performance of photometer versus monochromator.
Measurements started with SBUAO4 and will be repeated after six months.

There is additional trending and characterization analysis performed on the inter-range ratios, diffuser
reflectivity, wavelength scale, instrument throughput, and measurement noise. A new nonlinearity
adjustment was derived from data collected during the OV, and wavelength dependent corrections for
the OOBR were developed.

Position Mode 283.1 nm Data and OOBR
0.016 L T T T T T T T T T T T T T T T T T T

0.014

283.1 Radiance

0.012

o0 . - 9 e 9 e N s
-20 0 20 40 60 80
Latitude, Degrees North
Figure 1. Shows position mode data for 283.1 nm compared to scaled, coincident cloud cover
radiometer measurements. The topmost of the three dark curves is the original data and the middle of

the three is after OOBT corrections. (See SBUAO05.)
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Figure 2. Profile comparisons between NOAA-18 SBUV/2 and NOAA-16 SBUV/2 (Green), NOAA-
18 SBUV/2 and NOAA-17 SBUV/2 (Blue),and NOAA-17 SBUV/2 and NOAA-17 SBUV/2 (red).
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6. NOAA-18 INSTRUMENTS: GEO-LOCATION, NAVIGATION, AND ASYMMETRY
by Thomas Kleespies
Results from the following tests are summarized as follows:

6.1 Determination of Absolute Navigational Accuracy of AMSU-A

AMSU-A11 has about 5 km positive along track and 6 km positive cross track geo-location error and
AMSU-A12 has about 3 km positive along track and no meaningful cross track geo-location error.
AMSU-AZ2 has about 9 km negative along track and 4 km negative cross track geo-location error.

The absolute navigation accuracy are derived by convoluting a high-resolution (550m) land-sea mask
to the spatial resolution of the instrument. By varying the spatial position of the footprints and using
knowledge of the sea surface temperature and homogeneous land temperatures near the coastline, the
navigation accuracy can be determined and possible offsets can be identified via cross-correlation
analysis.

Fifteen passes over northern Europe and Indonesia on four consecutive days (2005/247-250) were
used for this test. The results for AMSU-A1 Channel 3 (.3 GHz) are given in Table 1, which shows
the accuracy of AMSU-A1 50 GHz navigation for 15 different overpasses over northern Europe and
Indonesia. ‘Start time’ and ‘day’ identify the orbits according to NESDIS Level 1b file naming
conventions. ‘Correlation’ gives the maximum correlation between land/sea-mask and observed
antenna temperatures. The values for dx and dy are the corresponding navigation shifts in cross-track
and along-track track direction. They are given in units of MHS instrument FOVS for the cross-track
direction (i. e. a value of +1 means that the navigation has to be shifted by one MHS FOV in positive
scan direction) and in units of MHS scan lines for the along track direction (i. e. a number of +1
means that the navigation has to be shifted by one MHS scan line in positive flight direction). The
resulting average geo-referencing errors and standard deviations of the errors are also given in km for
nadir observations in the last two rows.

Table 1. Accuracy of AMSU-A1 Channel 3 (50.3 GHz) navigation for 15 different over passes over
northern Europe and Indonesia.

Day Start Correlation DX DY Desc/Asc Area
D05247 S0145 0.91 0.00 -0.40 D Baltic
D05247 S0334 0.86 0.00 0.40 A Indo
D05247 S0523 0.77 0.00 -0.20 A Indo
DO05247 S1023 0.92 0.00 -0.20 A Baltic
D05247 S1535 0.85 0.00 -0.80 D Indo
D05247 S1652 0.84 0.20 -0.40 D Indo
D05248 S0134 0.91 0.00 -0.40 D Baltic
D05248 S0324 0.83 0.00 0.20 A Indo
D05248 S0513 0.78 0.40 -0.20 A Indo
D05248 S1013 0.92 -0.20 -0.20 A Baltic
D05248 S1642 0.81 0.20 -0.40 D Indo
D05249 S0119 0.92 0.00 0.00 D Baltic
D05249 S0457 0.77 0.00 0.40 A Indo
D05249 S1003 0.92 0.00 0.00 A Baltic
DO05250 S0120 0.94 0.00 -0.40 D Baltic

Mean Sdev Mean[km] SdeVkm]

DX : 0.04 0.14 0.72 2.43

DY: -0.17 0.33 -3.12 5.91

Table 2 gives the same results as those in Table 1 but for AMSU-A1 89 GHz. Note, there is slightly
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fewer orbits at 89 GHz than at the lower frequencies, since the occurrence opaque clouds sometimes
does not permit a meaningful cross-correlation analysis. The geo-location of the AMSU-AL should
be examined.

Table 2. Same as Table 1 but for AMSU-A11 Channel 15 (89 GHz).

D05247 S0145 0.83 -0.40 -0.80 D Baltic
D05247 S0334 0.69 0.00 0.40 A Indo
D05247 S1023 0.90 -0.40 -0.60 A Baltic
D05247 S1652 0.75 -0.20 -0.80 D Indo
D05248 S0134 0.86 -0.40 -0.60 D Balitc
D05248 S0324 0.68 -0.20 0.60 A Indo
D05248 S0513 0.65 0.00 -0.40 A Indo
D05248 S1013 0.89 -0.60 -0.40 A Baltic
D05248 S1642 0.70 0.00 -1.20 D Indo
D05249 S0119 0.85 -0.60 -0.20 D Baltic
D05249 S0457 0.70 -0.20 0.40 A Indo
D05249 S1003 0.92 -0.60 -0.40 A Baltic
D05250 S0120 0.88 -0.40 -0.60 D Baltic
Mean Sdev |Mean[km]| Sdevkm]
DX: -0.31 0.23 -5.54 4.06
DY: -0.35 0.53 -6.37 9.54

Table 3 gives the same results as those in Table 1 but for AMSU-A1 channel 1 at 23.8 GHz.

Table 3. Same as Table 1, except for ASMSU-A2 Channel 1 at 23.8 GHz.

Day Start Correlation DX DY Desc/Asc Area
D05247 S0145 0.95 0.20 0.60 D Baltic
D05247 S0523 0.76 0.40 0.60 A Indo
D05247 S1023 0.97 0.20 0.60 A Baltic
D05247 S1535 0.80 0.00 0.20 D Indo
D05247 S1652 0.84 0.20 0.20 D Indo
D05248 S0134 0.95 0.20 0.60 D Baltic
D05248 S0513 0.79 0.40 0.60 A Indo
D05248 S1013 0.96 0.00 0.60 A Baltic
D05248 S1642 0.81 0.20 0.20 D Indo
D05249 S0119 0.95 0.20 0.60 D Baltic
D05249 S0457 0.80 0.20 0.80 A Indo
D05249 S1003 0.97 0.20 0.80 A Baltic
D05250 S0120 0.96 0.20 0.40 D Baltic

Mean Sdev Mean[km] SdeVfkm]
DX: 0.20 0.11 3.60 1.92
DY: 0.52 0.21 9.40 3.76

6.2 Determination of Pointing or Navigation Errors

38



AMSU-A11 appears to be geo-located slightly positive along track and slight positive cross track and
AMSU-A12 seems to be geo-located correctly. AMSU-A2 appears to be geo-located negatively both
along track and cross track.

Global 1B antenna temperatures were binned and averaged in 0.5 deg latitude-longitude boxes
separately for ascending and descending nodes. These values were differenced. Any systematic
pointing or navigation errors appear as red and blue shadows on opposite sides of continental
coastlines.

Global 1B data for days 2005 152-172 were used in this study. The results show that AMSU-A11
appears to be geo-located slightly positive both along track and cross track . Figure 1 shows thetest
results for the AMSU-A11 Channel 15 Ascending/Descending antenna temperature comparison for
days 201-245. AMSU-A12 appears to be geo-located correctly (Fig. 2). Figure 3 shows the results
for AMSU-A2 channel 1. There are hints of colored shadows along coastlines.

Zoom in on Europe

AMSU-A11 appears to be
geolocated slightly positive
both along track and
crosstrack

Hint of
South Cold

/ Hint of
East Cold
Hint of /
North Warm

Hint of
West Warm

AMSUA18 05152-05172 Channel 15

o TI——

—40 —20

o _IIE___ AMSU1E C hu:r?nel 15 Brightness Ternperature D
Figure 1: Results from Test of A12 Channel 3 Ascending/Descending antenna temperature
comparison for days 201-245. There are hints of colored shadows along coastlines..
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Zoom in on Europe

AMSU-A12 appears to be
correctly geolocated

No Obvious
Red/Blue coastlines

/

AMSUA18 05152-05172 Channel 3

Figure 2: Results from Test of A12 Channel 3 Ascendlng/Descendlng antenna temperature
comparison for days 201-245. There are no obvious red/blue shadows.

Zoom in on Europe
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geolocated negatively in
both along track and
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Figure 3: Results from Test of A2 Channel 1 Ascendlng/Descendlng antenna temperature
comparison for days 201-245. There are hints of colored shadows along coastlines..
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6.3 Determination of Cross scan Bias in the Data
Global 1B antenna temperatures were binned and averaged for each scan position. A scan bias will
be evident if one side is warmer or colder than the other. Data are differenced symmetrically about
nadir, high numbered field of views (FOVs) minus low numbered FOVs. Level 1B antenna
temperatures from twenty-one days (2005 152-173), 40N-40S, ocean only (cloud and precipitation
screened) were used in this study. Figure 3 shows the results. AMSU-AZ2 left side appears warmer
than right side. AMSU-AL1 right side appears warmer than left side by ~ 1 K, but varies by channel
(Figure 4). Window channels display ascending/descending disparity. Sounding channels
ascending/descending behavior consistently. Differences between the observed and simulated
radiance statistics from the Global Data Analysis System at NCEP/EMC reveal the same sign and
magnitude of the scan bias. Thus this is instrument related, not an artifact of the diurnal cycle. As
long as this bias is stable, the analysis model can remove the bias and assimilate the data. It should
be noted that most of these asymmetries can be corrected or reduced considerably if an appropriate

antenna pattern correction is applied (see Weng et al., in Appendix ).
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Figure 4: Pairwise Left-Right Side Antenna temperature Difference.
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6.4 Ascending/descending antenna temperature comparison

To determine pointing or navigation errors, global 1B antenna temperatures are binned and
averaged in 0.5 deg latitude-longitude boxes separately for ascending and descending data.
These values are then differenced. Any systematic pointing or navigation errors are revealed by
red and blue shadows on opposite sides of continental coastlines.

Global 1B data for days of 152-172, 2005are used in this study. The result shows that AMSU-
A2 appears to be geo-located negatively in both along track and cross track directions (Figure
5). The AMSU-A2 navigation and pointing function in the operational software should be
examined.

Zoom in on Europe

AMSU-A2 appears to be
geolocated negatively in
both along-track and -

cross-track directions. :
- South Warm

_—— 5 =

. - 5 East Warm

North Cold — R
West Cold

AMSUA18 05152-05172 Channel 4"

10 ol 30 a
1 Brightness Temperature Diff

AMSUTB Channel

Figure 5. Results from Test of AMSU-A2 Channel 1 Ascending/Descending antenna temperature
comparison
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6.5 Relative pointing accuracy of MHS to AMSU-A.

To verify the consistency of readings from the AMSU-A Channel 15 with those from MHS Channel
16 (both 89 GHz window channels), MHS 89 GHz data are convoluted to AMSU-A field of view
using Backus-Gilbert (Bennartz, 2000). The averaged antenna temperatures for the MHS are then
plotted against the AMSU-A. The mean and standard difference is computed as a function of scan
angle. A difference of greater than 1K indicates a problem in co-registration.

The weights of the Backus-Gilbert convolution will then be adjusted in order to minimize any
antenna temperature difference in order to determine any offset between the two instruments.

Two orbits of data from each instrument over northern Europe and Indonesia on two consecutive days
(247-250 in 2005).were used in this study.

The MHS and the AMSU-AL1 appear to be mis-registered by about a half MHS field-of-view in both
the along-track and cross-track directions. This corresponds to about 8 km (see Fig. 6). The geo-
location and relative alignment of these two instruments should be further examined.

1.5

1.0

0.5

0.5

=1.z

-1.%

G.50 1.08 1.62 z2.1a 275 3.3 .68 EXT) 500
M3 DIFF TBE MHS TAD,aM3U-28 [K]

Figure 6. RMS-deviation (bias-corrected) between AMSU-A 89 GHz and Backus-Gilbert convolved
MHS 89 GHz antenna temperatures. The x-axis gives the cross-track shift in units of instrument
MHS FOVS for the cross-track direction (i. e. a value of +1 means that the relative navigation of
MHS to AMSU-A has to be shifted by one FOV in positive scan direction). The y-axis gives the
along-track shift values of scan (i. e. a number of +1 means that the navigation has to be shifted by
one scan line in positive flight direction).
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6.6 Ascending/descending MHS antenna temperature comparison.

To determine pointing or navigation errors, global 1B antenna temperatures are binned and averaged
in 0.5 deg latitude-longitude boxes separately for ascending and descending data. These values are
then differenced. Any systematic pointing or navigation errors are revealed as red and blue shadows
on opposite sides of continental coastlines.

Global 1B data for days 152-172 and 247-275 in 2005 are used in this study. Figure 7 shows a zoom
in of Europe and the middle east with their complex coastlines. There is obviously a along track error
and possibly a cross track error. Analysis revealed that the stepping angle in the ingestor was set to
1.1 degrees instead of the correct 10/9 degrees. Further analysis found that there was an
undocumented 8/3 second buffer in the MHS Interface Unit (MIU). When both of these items were
addressed in the ingestor, the navigation appears correct, as shown in Figure 8.

240 4
2 MHZ18 Channel 1 Brightnes

Figure 7. Ascending minus descending MHS channel 16 antenna temperatures for 2005 152-172.
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Figure 8. Ascending minus descendlngM HS channel 16 antenna temperatures for 2005 247 275.

6.7 MHS Scan Bias Evaluation

To determine if a cross scan bias is evident in the data, global 1B antenna temperatures are binned
and averaged for each scan position. Data collected are from 40N-40S over ocean, with cloud and
precipitation screening by an algorithm provided by Grody. Ascending and descending node data are
plotted separately. A scan bias will be evident if one side is warmer or colder than the other.

Global level 1B data from days 152-181 in 2005 are used in this study. The test results (Figure 9)
show that the window channels are ambiguous with ascending and descending portions of orbit have
opposite signatures. Sounding channels show a slight bias (few tenth degree) with the right side
being warmer.

As long as this bias is stable with time, the NWP analysis model can remove the bias and assimilate
the data.
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6.8 Absolute geo-reference of MHS

The absolute navigation accuracy can be derived by convoluting a high-resolution (550m) land-sea
mask to the spatial resolution of the instrument. By varying the spatial position of the footprints and
using knowledge of the sea surface temperature and homogeneous land temperatures near the
coastline, the navigation accuracy can be determined and possible offsets can be identified via cross-
correlation analysis.

MHS data from 12 passes over northern Europe and Indonesia over four days (2005/247-250) were
used in this study. Test results show that the MHS exhibits about a 2 km cross-track and negligible
along-track geo-location errors (see Table 4). The ‘Start time’ and ‘day’ identify the orbits according
to NESDIS Level 1b file naming conventions. ‘Correlation’ gives the maximum correlation between
land/sea-mask and observed antenna temperatures. The values for dx and dy are the corresponding
navigation shifts in cross-track and along-track track direction. They are given in units of MHS
instrument FOVS for the cross-track direction (i. e. a value of +1 means that the navigation has to be
shifted by one MHS FOV in positive scan direction) and in units of MHS scan lines for the along
track direction (i. e. a number of +1 means that the navigation has to be shifted by one MHS scan line
in positive flight direction). The resulting average geo-referencing errors and standard deviations of
the errors are also given in km for nadir observations in the last two rows.

Table 4. Accuracy of MHS 89 GHz navigation for 12 different overpasses over northern Europe and
Indonesia.

Day Start Correlation DX DY Desc/Asc Area
D05247 S0145 0.82 0.20 0.00 D Baltic
D05247 S0334 0.68 0.20 0.40 A Indo
D05247 S1023 0.88 0.00 0.00 A Baltic
D05247 S1652 0.76 0.20 -0.40 D Indo
D05248 S0134 0.84 0.20 0.00 D Balic
D05248 S0513 0.65 0.20 0.40 A Indo
D05248 S1013 0.88 0.00 0.00 A Baltic
D05248 S1642 0.71 0.20 -0.40 D Indo
D05249 S0119 0.84 0.20 0.00 D Baltic
D05249 S0457 0.73 0.00 0.20 A Indo
D05249 S1003 0.90 0.00 0.00 A Baltic
D05250 S0120 0.86 0.20 0.00 D Baltic

Mean Sdev| Mean[km]| SdeVikm]
DX: 0.13 0.10 2.40 1.77
DY: 0.02 0.25 0.30 4.46
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6.9 HIRS and AVHRR Co-registration

To verify pointing of the HIRS with respect to the AVHRR, a pseudo HIRS channel 18 is constructed
from AVHRR channel 4. The fit of the pseudo channel to the real channel 18 is calculated. The
location of the pseudo channel is varied until the antenna temperature difference is minimized. Any
offset indicates a mis-registration between the AVHRR and the HIRS. Pascal Brunel of
METEOFRANCE in Lannion performed this test. Data used in this study were collected over 39
direct readout passes at Lannion, France beginning 6/16/2005. The HIRS and the AVHRR are co-
aligned to within a few AVHRR pixels (Figure 10).

Figure 10. HIRS 18 ~AVHRR3 Mapping adjustment for NOAA-18
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To 20050624 Time 0410 Orbit 00489
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APPENDIX

Presentations
at the ORA NOAA-18 Calibration and Validation Working Group Meeting

August 9, 2005
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- National Environmental Satellite,
@ Data; and Information Service

Fuzhong Weng
Sensor Physics Branch
NOAA/NESDIS/Office of Research and Applications
September 8, 2005



Our Team

Mitch Goldberg: ORA/SMCD Division Chief, - Management and Technical Oversight

Fuzhong Weng: ORA/SMCD/Sensor Physics Branch Chief and NOAA-18 cal/val team
leader, instrument asymmetry and microwave products and algorithms, radiance bias
assessments for NWP model applications

Changyong Cao: HIRS instrument calibration

Fred Wu: AVHRR VIS/NIR instrument calibration

Tsan Mo: AMSU/MHS instrument calibration

Jerry Sullivan: AVHRR thermal channel calibration/ NDVI validation

Tony Reale: HIRS/AMSU/MHS sounding channel/products validation

Mike Chalfant: HIRS/AMSU/MHS sounding channel/products validation /geolocation
Ralph Ferraro: AMSU/MHS window channels/MSPPS products validation

Larry Flynn: SBUV product validation

Tom Kleespies: AMSU on-orbit verification

Hank Drahos: Sounding product validation

Dan Tarpley: AVHRR product NDVI monitoring

John LeMarshall (JCSDA): Impacts assessments of NOAA-18 data for NWP applications
Stephen English (UK): tests of direct readout data and NWP impacts demonstration
Alex Ignatov: AVHRR SST and aerosol products

Ninghai Sun: Cal/val IT supports



Activities of the ORA NOAA-18 Cal/Val Team

Monitor and quantify instrument noises though analyzing calibration target
counts and channel space view measurements

Assess instrument geolocation biases and co-registration and provide
recommended solutions for satellite roll and pitch adjustments

Characterize other systematic biases in radiance through rigorous forward
modeling and inter-satellite calibrations

Provide initial demonstration and assessments of NOAA-18 data for
improving numerical weather prediction

Validate product algorithms (e.g. ATOVS and MSPPS, TOAST, UV index,
NDVI, SST, AOD) for transition into operation

Communicate with NOAA-18 OV team, instrument vendors and users with
timeliness diagnostics of instrument performances and provide root cause
analyses



ation Servic

"on-Term Goals of ORA’s Cal/Val Program

Develop an Integrated
Cal/Val System
Framework to enhance
ORA's capability and
efficiency to provide
outstanding calibration
and validation to
METOP, NP, NPOESS,
and GOES-R

Outcome >>> Provide
timely and accurate
assessments of NOAA
instrument’s on-orbit
performances and the
Impacts of noise and loss
of channels on
operational products and
data assimilation

ORA Post-Launch Integrated Cal/Val
System Framework

Pre-launch
Sensor Spectral

Radiosonde and Numerical weather

other surface prediction model
measurements at outputs

Response

selected sites
Level 0 and
1B data

End-to-end simulator
Sensor noises,

including RT model,
multiple scattering from Proxy sensor data
spacecraft surfacefatmosphere, FOV from POES and EOS

data matching

Vicarious calibration
Onl_: oard coefficients, Validated
calibrated product algorithm
sensor data coefficients, Geolocation

and coregistration

adjustments

Noise trending
monitoring,
Transition into
operation




National Environmental Satellite,

Data, and Information Service

NOAA-18 Instrument Assessments

AVHRR/3 Advanced Very High
Resolution Radiometer

HIRS/4 High Resolution
Infrared Sounder

AMSU-A Advanced Microwave
Sounding Unit-A

MHS Microwave Humidity
Sounder

SBUV/2 Solar Backscattered
Ultraviolet Radiometer

Velocity
NOAA-N spacecraft Vector

on-orbit configuration

ROLL PITCH— Orbit Normal

(+Yp)

Deployable Y';W (+2p)
Sun Shiekd . +
Thermal Cantral S5t ¢ P)&
AVHRR Pinwheels (15)
P Earth
s vty
AMSU A7
(RN i
[ 3
b
HIRS
ESA
SBA
VRA
LEGEND
AMSU Advanced Microwave Sounding *SAR Search and Rescue
Unit SBA S-Band Antenna
AVHRR Advanced Very High Resolution SBUW Solar Backscatter Ultraviolet Radio-
Radiometer meter
BDA Beacon Dipole Antenna SLA Search and Rescue Transmitting
*DCS Data Collection System Antenna (L-Band)
ESA Earth Sensor Assembly SOA S-Band Omni Antenna (2 of 6
HIRS High Resolution Infrared shown)
Radiation Sounder SRA Search-and-Rescue Receiving
IMP Instrument Mounting Platform Antenna
IMS Inertial Measurement System TED Total Energy Detector
*MEPED Medium Energy Proton/Elec- UDA Ultra High Freguency Data Collec-
tron Detector tion System Antenna
MHS Microwave Humidity Sounder VRA Very High Frequency Real-time
NEA Nitrogen Engine Assembly Antenna
SAD Solar Array Drive

*Not shown in this view




National Environmental Satellite,

Data, and Information Service

POES Cal/Val Website

NOAA-N Calibration and Validation - Microsoft Internet Explorer

Fil= Edit Miew Faworites Tools  Help .1."
eBack M = \i'-l |EL| _;\J /.._\JSearch ‘i’-"\'/ Favorites @Media @} = .,,_;'_ E T oL ‘i’i
Address http: f v, orbit . nesdis.noaa. govismedfspbnl Scalvalfindex, html V| Go Links ** '@ -
A
i i NS Office of Research .
NOAA Satellites and Information A Vg RS Sensor Physics Branch
National Environmental Satellite, Data, and Information Service and Apphcano ns

NOAA-18 Instrument Calibration & Validation

¥What's New in NOAA-18 Instrument Cal/val
» DORA NOAA-18 Cal/¥al Group Meetinng (August 9, 2005, Agenda)

NOAA-18 SBUW/2 orone products are compared with NOAA-16 and 17

derived products

» Optimized AMSU antenna pattern correction (APC) scheme for NOAA-18
AMSU with bean positdon 20 APC coeff.

» HIRS Intersatellite Calibration - SNO results using NOAA-17 /18 HIRS data

are shown through linkage

kd

SBUV . e More

Information Archiving
Long-Term Goals & AMSU-A & MHSs @ HIRS/4 & AVHRR/3 @ sBUV/Z Briefings
Caljval activities [ EE e e TR e e e o s 1 B R
SensorSummary » Seslocaonsco: , Coglocaonscto- , Ceslocationsfor ) Cuclocaonscos |, Ceslecationsco-
Calfval Team  + DigmuctBeme® ) Prductepeme s, Poduct Deme® ) Meiabame® Products emo
Linkage » Zpechrum Response |, Spectrum Response |, Spachum Response |, Spechum Response |, Spechum Response b

0 Inkernet
L




NOAA-18 on-Orbit Verification Conducted by NOAA Scientists

Principal
Task # Task Name Status Key Results Investigators
AMITO05/2
005 Instrument trending Completed |stable Mo
ANMTO0 /2
007 Determination of optimal space view Completed |A1 @ SV1, A2 @SV2 Mo
AMTODB/2
008 noise measurements-all channels Completed |Meet the spec Mo
AM1002 |satellite to satellite comparison Completed |some difference Mo
AMTOTO/2
010 BB PRT temperature accuracy Completed |meet spec Mo
A1 cross-track
AM1011 Earth-scence bias characterization Completed |asymmetry Weng, Kleespies
AMA012/2 Along &cross track Kleespies,
012 Channel co-registration Completed |errors are quatified Bennartz, Chalfant
MHS010 |Lunar contamination in space view on-going Capture some signals Mo
Along &cross track
MHS011 JChannel registration Completed |errors are quatified Chalfant, Kleespies
Generally bias < 0.5K,
MHS013 |MHS/AMSU-A 89 GHz comparison Completed |nearly 1.0K in limb Boukabara
Small particular cross-
MHS014 |Earth-view bias characterizations Completed |track asymmetry Kleespies
noticable difference at Reale, Ferraro,
MHS016 |MHS radicmetric compariscon with AMSU-B |Completed |Ch17, 20 Kleespies
SBUAO1 Range 3 Cathode/Anode Completed |Consistent Change SSAI
SBUO12 Diffuser and Solar Partially Significant SSAI
SBUOOY [VWavelength Scale Completed |Small Shift SSAI
SBUAOS |OOBR estimation from position mode Partially Correction Needed Flynn/SSAl
SBUA11 NOAA-16 Comparison Partially Differences noted Kondragunta
ANVHOOS |space clamp noise and stability Completed |stable Sullivan
AVHO10 [NEDT/Dynamic range - channel 3B.4 5 Completed |meet the spec Sullivan
AVHO11 instrument stablity - channels 3B.,4,5 Completed |stable Sullivan
AVHO14 Joperational calibration Completed |ch1,2,3A WWu/Sullivan
AVHO18 |Detection of land-sea boundary Completed |nearly one pixel offset Sullivan
AVHO19 |NOAA-1817, and 16 comparison Completed |NDVI/SST/Aerosols Tarpley/Ignatowv
AVHO22 |striping evaluation Completed [No striping VWU/Sullivan
HIRO11 NEDN - IR channels Completed |More chs meet spec Cao
HIRO12 Instrument stability Completed |noise fluctuated Cao
HIRO13 instrument trending Completed |new website Cao
HIRO14 Detection of land-sea boundary Completed |no geoclocation errors Chalfant/Cao
HIRO15 Satellite-to-satellite comparsion on-going biase in some chs Reale/Cao




NOAA-18/HIRS Noise Status Update

-
Channel| Req’t NEDN (orbital avg 9/2/05) Channel | Req’'t | NEDN (orbital avg 9/2/05)
(s"r'vé’r’n","\hf) Blackbody | Spaceview (s":‘f:vr’n'?\‘\f) Blackbody | Spaceview
1 3.0 N/A N/A 11 0.20 0.173 0.187
12 0.20 0.169 0.180
3 0.50 0.330 0.365 13 0.006 0.002 0.002
14 0.003 0.001 0.001
15 0.004 0.001 0.001
16 0.004 0.001 0.001
17 0.002 0.001 0.001
8 0.10 0.084 0.094 18 0.002 0.001 0.001
19 0.001 0.0004 0.0004

Channels fluctuating
around the spec

Il Channels meet spec

[ ch1 cannot be calibrated

Page 1



~—_ National Environmental Satellite,
{f“? Data, and Information Service

Gilobal Distribution of TB Difference & 89 GHz (AMSUA-MHS)




. )\Etl”!“tt lwl] “'ﬂ |E4 l\b”'ﬂ ”9‘
_‘@) Data, and Information Service:

ORA NOAA-18 OV Presentation

 HIRS/4 Calibration - Changyong Cao

 AVHRR/3 IR Calibration Overview - Jerry
SullivanAVHRR/3 VIS/NIR Calibration - Fred Wu

 AMSU Calibration Overview - Tsan Mo

« MHS Calibration Overview - Tsan Mo

« SBUV/2 OV - Larry Flynn

« AMSU and MHS Geolocation - Tom Kleespies
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~—_ National Environmental Satellite,
X/ Data; and Information Service

Fuzhong Weng, Quanhua Liu and Tsan Mo
Office of Research and Applications

ORA NOAA-18 Cal/Val Meeting, August 9, 2005
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@ National Environmental Satellite,

Data, and Information Service

What is the Asymmetry?

« Definition:
— Observed temperature difference for pairwise left and right scan
positions assuming the same scene temperature
 How to Detect:
— Observations under cloud-free conditions
— Most evident from window channels
— Relative asymmetry: mean brightness temperature difference
— Absolute asymmetry: Mean difference between simulated and
observed brightness temperatures
 How to Correct:
— Optimized the antenna pattern correction reduces asymmetry
— Curve-fitting to the mean absolute asymmetry

1Z



— National Environmental Satellite,
@ Data, and Information Service

MOAA—N Obs—Simulation Ch., 5 53.6¢{0.1) GHz
2005—06—-27

—2a —1.5 —1.0 —05 .2 .5 1.0 1.5 2.0 Z.5 2.0 2.5 4.0

Global NWP analysis results (T,q, wind,sst...) are used as inputs to
radaitaive transfer model.....
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National Environmental Satellite,
Data, and Information Service

SU Cloud Liquid Water

Without Asymmetry Correction,,, ;s With Asymmetry Correction

Cloud Liguid Water ved from AMSU Cloud Liquid Water h ved from AMSU
Julian Julian X

S0 180 ®R10 R0 =IO B00g/m° E E = = 770 300g/m"

NOAA-16

Cloud Liquid

14



~_ National Environmental Satellite,

X

Tha _ Tho {K)

Data, and Information Service
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National Environmental Satellite,
Data, and Information Service
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National Environmental Satellite,
Data, and Information Service
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. )\Etl”!“tt lwl] “'ﬂ |E4 l\b”'ﬂ ”9‘
_‘@) Data, and Information Service:

Possible Causes for AMSU Asymmetry

* A misalignment of AMSU polarization vector
— Mostly noticeable at clean window channels

« Errors in Instrument pointing angle

— It is unlikely because the cross-track pointing error
(0.1 to 0.3 degree) is not large enough to produce this
kind of asymmetry.

« Side lobe intrusion to the solar array
— There should be some latitudinal dependence
— The response would occur at multiple channels

18



< National Environmental Satellite,
_‘@) Data and Information Service

NOAA-18 Asymmetry Correction

* New Process:

— Apply the antenna pattern correction scheme
(APC) which converts Tato Tb

— Optimization from three APC (OAPC)
schemes (BP 1, 15 and 30) tends to reduce
symmetry

— Deliver OAPC to user community (e.g. AAPP)

e How to Correct:

— Curve-fitting to the mean absolute TB
asymmetry after the OAPC is applied.

19



National Environmental Satellite,
Data, and Information Service

Antenna Pattern Correction from BP30

T

Lexenl Tenith Angle (deg)

(=) 50.3 GH=z

Tha (K}
Tha (K}

Tha
Tha

Tha (K}
Tha (K}

Tha
Tha

Lasenl Tenith Angle (deg)

al

F:
—B
-

-1l

(b} 31.4 GH=z

—80

[e=enl Tenith Angle {(deg)

(d) B9 GH=

-1

—80

AMSU-A1-2 module (50 GHz) are best corrected with the antenna pattern correction
coefficients from beam position 30

[asenl Tenith Angle (deg)
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National Environmental Satellite,
Data, and Information Service

Antenna Patten Correction from BP1

"/

(a) 20.8 GH=z (b) 21.4 GH=

Tha (K)

_#_
=3

Tha
Tha

- 10 L L L L L - 10 L L L L L
—80 —40 —a2 0 20 40 & —80 —40 — 20 o 20 40 &
Leenl Lenith Angle (deg) Leenl Tenith Angle (deg)
(e} 50.9 GHz (d) BS GHz
10 L L g 13 L L g
g o ¢
= =
rE _E__-.--.--..-I: ............................. rE 1] —— - R e -F-F-]-}- - —
= - d—|— ...................................................... — = —E %%'{ -|-1-44- tH
iZ [
—8- - -8 -
- 10 L L L L L - 10 L L L L L
—80 - — 2 0 20 &0 [-24] —80 — a0 -2 0 20 40 [-24]
Leonl Tanith Angle (deg) Lesenl Tanith Angle (deg)

AMSU-A1-2 module (50 GHz) are corrected with the antenna pattern correction coefficients
from beam position 1
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hat Is the Limb Effect?

The variation in the cross-track measurements due to the change of the
scanning angle is called a limb effect

The effect can be as much as 30 K for the 23.8 GHz water vapor
channel, and 15 K for troposphere sounding channels (Goldberg et al.,
2001)

The limb effect is a darkening brightness temperature for infrared
sounding channels. This effect can be either limb-darkening or
brightening

Unadjusted measurements prevent the objective analysis of weather
system from channel measurements and also make the retrieval
algorithm complicated

Climate study requires that the data are limb adjusted prior to averaging.

22



 Limb-correction algorithm adjusts the off-
nadir brightness temperature to the nadir-like
brightness temperature

* The effect may be corrected from a multi-
channel approach (Goldberg’s approach)

23



. National Environmental Satellite,

@ Data; and Information Service

NOAA—186 and 18 Dat Coverage on 26th June, 2005

ke = I Wk

different viewing
angles ( a lot of
operational
information,
testing limb-
correction with real
time data)

Latitude

—67.55

—90.0 R = :
-180  —140  —-100 —-60 -20 20 60 100 140 180

Global coverage and overlap of the NOAA-16 and 18 orbit data. The cyan color
represents NOAA-16 orbit data. The green represents NOAA-18 data appearing at the
gap of the NOAA-16 orbits. The orange is for the overlap of the NOAA-16 and 18 orbit

data within a spatial difference of 10 km
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— National Environmental Satellite,
"@ Data, and Information Service

Standard Daviation (K)

P
a

1 =3 =] 13 18 22 ped =]
AMSU—& zcan pasiticon

8

The standard deviation the nadir measured (NOAA-18) and limb-corrected
(NOAA-16) brightness temperatures at channel 6 of NOAA AMSU-A. The
symbol star is for over ocean and the symbol diamond is for over land
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v mum;ummw
lInformation Service:

Summary

NOAA-18 AMSU instrument cross-track biases are
guantified and A1 module displays the largest asymmetry

The Al cross-track asymmetry can be significantly reduced
with the optimized antenna pattern correction scheme (beam
position 30)

The quality of AMSU products (e.g. cloud liquid water and
precipitable water) is significantly improved

The nadir observations from NOAA-18 and the off-nadir
ones from NOAA-16 AMSU are used to verify the limb-
correction algorithm which is vital in NESDIS sounding
product system. The Goldberg’s algorithm works well.

£0



Microwave Surface and
Precipitation Products Systems
(MSPPS) Update

Ralph Ferraro and Fuzhong Weng

5 August 2005

9 August 2005 N18 Cal/Val Working Group Meeting
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Topics

« AMSU-A Asymmetry
— Impacts on CLW and TPW
— Monitoring
« MHS vs. AMSU-B
— Impacts on IWP, precipitation rate, SWE

« Overall product quality
— Intercomparisons with N-15, N-16, N-17, DMSP

9 August 2005 N18 Cal/Val Working Group Meeting
L0




AMSU-A Asymmetry

« Coefficients derived using 30
days of AVHRR, GDAS and
AMSU-A data

— Clear sky
— RT calculations
— APCatBP 1

« Asc/Dsc (example is Asc)

» Vastly improves MSPPS
ocean products, in particular,
TPW and CLW

« 5-day mean asymmetry
monitoring

« Coefficients delivered to
OSDPD for implementation

_ Tha {K)

Th=

_ Tha {K)

Th=

(a) 23.8 GHz

10

-10 L L L L L
-60 —-40 -20 O 20 40 &0
Local Zenith Angle {(deg)

{c) 50.3 GHe

10

—-10 L | L L !
-60 —-40 -20 { 20 40 80
Local Zenith Angle (deg)

9 August 2005 N18 Cal/Val Working Group Meeting
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Product Impacts - CLW

N18 CLW (ram) 2005-06—30 13:30 LST
g9q ; , - T 1
After asymmetry prelim. coeff's implemented - _ :

S 2 v nll fe [ R ey

o n S

S
'-- L. 2 i .:'-‘5 ¢ y
% ; A

gl

Latitude
P

L '." A i Y : B ...‘ B |
—30 el B o B -

—a0 =

R =

“Note left to right asymmetry without coeff's

—99 - |
=180 —15C =120 -390 -—-60 —30 ¥ | G0 q0 120 150 180
Lengitude

—0.05  0.06 Q.18 .27 038 0.4 0,508 0.70

9 August 2005 N18 Cal/Val Working Group Meeting
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N16 and N18 TPW Comparisons
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9 August 2005
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Latitude

N16 and N18 CLW Comparisons

N18 CLW (rmm) 2005—-08-04 13:30 LST
T T H T T T : T T - T

MTG CLW (mm) 2005-08-04 1330 LST
T T I T T T T T __| a0 — :

9a T

o ?,‘ 5| IJ >

F TR
Lol

g PN

e A
- L SN

&

Latitude

L | [
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1 : 1 -39 1 |
—180 —150 =120 -99 -B0 30 &)
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I | L i
30 60 a0 120 150 180

—180 —150 120 -390 —-60 —30 &)
Lengitude

=005 0.06 c.e Q.27 038 Q.49 0.59 0.70

N18 Cal/Val Working Group Meeting

9 August 2005
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Intercomparlsons TPW & CLW

Ascendmg TPW 5 Degree Zonal Average 2005 05-04

« Expect close agreement
between N16 and N18

 Zonal TPW between all .
AMSU'’s in very close wl
agreement (SSMl is
outlier — SDR bias)

« Zonal CLW in close
agreement (SSMI higher
due to better sensitivity to
CLW)

« Evaluations continuing

Latitude {degree)
-]
[

Latitude {dagres)
[ ] =]
- - -
T ‘ LU | T T ‘ T T

LI

éII

CL (mum)

NOAA-15
NOAA-17

9 August 2005 N18 Cal/Val Wc _ SSMII K3
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Asymmetry Monitoring - TPW

AMSU TPW (mm) pentad mean 07/30/ 2005 - 08/03/2005
o - - - - - - T T T T

26

TPW (mm)

24~

LZA Bin (deg)

__ NOAA-17

N18 Cal/Val Working Group Meeting
34

9 August 2005



Asymmetry Monitoring - CLW

AMSU CLW (mm) pentad mean (7/30/2005 - 08/03/2005
oL2r -~ v - T T T T T T T T

0.10 —

CLW (mm)
&
2

1.06

LZA Bin (deg)

___NOAA-15 ___ NOAA-17

N18 Cal/Val Working Group Meeting
35

9 August 2005



Asymmetry Monitoring - CLW

AMSU CLW (mm) pentad mean (7/30/2005 - 08/03/2005
oL2r -~ v - T T T T T T T T

0.10 —

CLW (mm)
&
2

1.06

LZA Bin (deg)

___NOAA-15 ___ NOAA-17

N18 Cal/Val Working Group Meeting
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MHS vs. AMSU-B

— Channel 2 2005—-06

 MSPPS particularly concerned o
with differences between CH 2
(157 vs. 150 GHz) and CH 5
(183+/-7 vs. 190 GHz)

— Product impacts on IWP, RR,
Snow/SWE

« Approach

— Generate synthetic AMSU-B
based on MHS and not alter
retrieval algorithms

— Pre-launch simulations support
this approach

— Preliminary post-launch
product evaluations indicate
that this approach will work

— Generating daily match ups
between N-16 and N-18

 Develop regression
relationships
 Stratify by land, ocean, etc.
 Determine stability of these s
relationships v p—
9 August 2005 N18 Cal/Val Wo N T OMHS (Deg k)
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I
a
|
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Comparison of N-16 AMSU-B and

N-18 MHS derived rain rates
3 June 2005

NWS Radar Reflectivity
0949 Z 3 June 2005

9 August 2005 N18 Cal/Val Working Group
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NOAA-18 ATOVS Status

Tony Reale
ORA/FPDT
Aug 9, 2005
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Summary

 HIRS channels 1 through 4, and channel
12 are not (yet) suitable for products

« AMSU and MHS are performing nominal
for products; MHS pixel mis-location

« Examples using selected channels from
each from each sounder are shown

40



NOAA-15 HIRS-5 July 7-8, 16Z to 052 NOAA-16 HIRS-5

= o SR
G e e
g -
=
. B

NOAA18 HIRSS

HIRS Channel 5 calibrated radiance temperatures (K) are compared for N15 (upper left), N16 (upper right) and
NOAA-18; each panel is scaled identically allowing direct color comparison of differences. The region of
coverage is an approximately 5000 km? region in the remote west tropical pacific. Random noise
characteristics for N18 are now comparable to N16; a cool bias (less red) on the order of 5K is observed for N18
measurements relative to N16.
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NOAA-15 HIRS-5 July 7-8, 16Z to 052 NOAA-16 HIRS-5

= o SR
G e e
g -
=
. B

NOAA18 HIRSS

HIRS Channel 5 calibrated radiance temperatures (K) are compared for N15 (upper left), N16 (upper right) and
NOAA-18; each panel is scaled identically allowing direct color comparison of differences. The region of
coverage is an approximately 5000 km? region in the remote west tropical pacific. Random noise
characteristics for N18 are now comparable to N16; a cool bias (less red) on the order of 5K is observed for N18
measurements relative to N16.
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NOAA-15 HIRS-12 ) July 7-8, 162 to 052 NOAA-16 HIRS-12
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NOAA-18 HIRS-12

HIRS Channel 12 calibrated radiance temperatures (K) are compared for N15 (upper left), N16 (upper right) and
NOAA-18; each panel is scaled identically allowing direct color comparison of differences. The region of
coverage is an approximately 5000 km2 region in the remote west tropical pacific. Random noise
characteristics for N18 are now comparable to N16 but still unsuitable for products generation.
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NOAA-15 AMSU-A Ch 5 s July 7-8, 162 t0 052 NOAA-16 AMSU-A Ch5

NOAA-18 AMSU-A Chb

AMSU-A channel 5 calibrated radiance temperatures (K) are compared for N15 (upper left), N16 (upper right) and
NOAA-18; each panel is scaled identically allowing direct color comparison of differences. The region of coverage
is an approximately 5000 km2 region in the remote west tropical pacific. The performance of NOAA-18 AMSU
sounder is nominal for products generations, although some asymmetry across the scan is observed, manifested
as cooler values (more purple) along the right side of the orbit track compared to the left (also seen for NOAA-15).
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 NOAA-17 AMSU-B 183 +-3GHz July7-8,16Z to 052

!

~ NOAA-16 AMSU-B 183 +}- 3 GHz
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260 280

NOAA-18 MHS 183 +}-3 GHz

AMSU-B 183 +/- 3 GHz channel (4) calibrated radiance temperatures (K) for N17 (upper left) and N16 (upper right) are
compared to MHS 183 +/-3GHz channel (4) on NOAA-18; each panel is scaled identically allowing direct color
comparison of differences. The region of coverage is an approximately 5000 km2 region in the remote west tropical
pacific. The performance of NOAA-18 MHS is nominal for products generations, although it appears to be measuring
slightly warmer (more red) on the order of 1.5 K than its counterparts on NOAA-17 and 16.
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NOAA-18 Develop MODF (X1)

Limb Corr MHS Temp (89 GHz)

Aug 3, 2005 16Z to Aug 4, 2005 5Z
Center Point: 25.9N/404E (zoom: 14x)
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MHS mis-located by one pixel in direction of orbit track
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N18 TEST BODF
LC MHS CH 1
: 7

Corrected in test mode
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Jul 20, 2005 23Z to Jul 21, 2005 1Z
Center Point: 33.8N/37.1E (zoom: 14x)



Plans

Demonstrate I0C using NOAA-18 HIRS, AMSU-A and
MHS in operational sounding products generation:
— Phase-1, implement in AMSU-only mode, late August

— Develop contingencies for removing selected HIRS channels
(i.e., channels 1, 2, 3, 4, and 12)

— Phase-2, implement HIRS/AMSU-A mode, September

— Phase-3, implement ATOVS-200X approach (HIRS, AMSU-A,
MHS), October/November ...

Demonstrate impacts of reduced FOV size for HIRS
onboard NOAA-18 from 17km to 10km:

— Cloud detection

— Sounding products

— Cloud products
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New ATOVS System-200X Science

— Incorporate AMSU-B

— Regression Guess replaces Library Search
« Calculate First Guess Radiance (OPTRAN)

— Measurement (Radiance) Bias Adjustment

«  AMSU-A
- AMSU-B
* HIRS

— Analytical Retrieval Solution (OPTRAN) per sounding
(Paul Van-delst, Tom Kleespies, Yong Han)

* based on Guess Temp and Moisture

— Peripheral Upgrades
« Limb-adjustment
«  MSPPS Products
* Expanded Validation
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ATOVS Limb Correction
Status

Tony Reale
ORA/FPDT
Aug 9, 2005
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Orbital Processing
Earth-location/Calibration
Append SST, Terrain, Ice/Snow, NWP
Limb Adjustment
Interpolate to HIRS
Microwave Products (CLW, TPW ... MSPPS)

Contamination Detection
— Precipitation
— Cloud

First Guess

Retrieval
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Limb Adjustments

Dave Wark; NOAA Tech Re NESDIS 64, 1993

5-day Level 1b (per sounder) samples in Radiance
Temperature

2-degree latitude belts (82), Sea vs. Nonsea, and Scan L

3 predictors least square regression (i=channel, j=scan)
— Tio=a; + &g Tigy ta; T + @y T

Symmetric vs. Asymmetric; Smoothing option (?)

Update as Necessary
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Limb Adjustment
(Wark, NOAA Tech Re. NESDIS 64° 1993)

AMSU Ch 6 March 2005
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Limb Adjustment
(Wark, NOAA Tech Re. NESDIS 64’ 1993)

AMSU Ch 6 March 2005

AMSU Ch 10 NOAA-16

) ._
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Proposed Changes to Limb Adjustment
(New System-2005)

» Retain the basic Wark approach, but:

— Replace 5-day with 30-day files for generating coefficients
— Routinely collect radiance temperature samples (daily)

— Store covariance matrices of measurements for 30-day periods
over operational satellite lifetime

* may have to retain matrices consistent with Wark approach,
(i.e., per latitude band?)

— Routinely arbitrate based on residual plots (weekly, monthly?)
* May include NWP based residual

— Archive
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A4 AMSU-A Sea Residuals (30 day coeffs) Nov 25-29, 2004
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Limb Adjustment
(Comparison of 5-day vs 30-day coefficients)

AMSU -A Ch 6 March 2005 AMSU-ACh 8

St e ‘-1"“ e T
;.' -yf PN
v
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NESDIS Converged Approach

« Data Collection
* Regression Computation
 Validation and Monitoring (use NWP?)

« Update (and Archive)
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NOAA-18 AVHRR SST and Aerosol Products

Alexander Ignatov, John Sapper,
William Pichel, Xiaofeng Li, Yury Kihai

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 1
SST and Aerosol Status
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11/11/2005

AVHRR products over ocean

Solar Reflectance Bands (Aerosol) (No onboard calibration)
*1:0.63 Em 7,: Single-channel LUT

*2:0.83 Em 7,: Single-channel LUT

* 3A:1.61 Em 75: Single-channel LUT (N18: disabled 8-16 Jun 05)

Earth Emission Bands (SST) (Onboard calibration)
*3B:3.7Em (Daytime: not used due to solar reflectance)
*4:11 Em

*5:12 Em

Day SST derived using split-window NLSST
T =T+ y(Ty - Tp)+ where 7= 7, (T, )+, (secd-1)

Night SST derived using triple-window MCSST
T, =Ty v Ty + o Ty + 0, (T, - Ty ) x (seCO- 1) + o (seCO- 1)

N18 Cal/Val Workshop 9 Aug 2005: 2
SST and Aerosol Status
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w Status of N18 Algorithms

Aerosol Algorithm:
» Sensor-filter specific LUTs calculated using RTM
» Retrieval algorithm delivered to OSDPD Dec 2004

SST Algorithm:

« Coefficients derived vs. buoy post-launch NOAATE DAYTIME SST JUNE 2005

« OSDPD delivered match-up to ORA 7 Jul 2005 Ts VALIDATION VS BUGY

« ORA delivered algorithms to OSDPD 13 Jul 2005 ::;jjé%ﬁé{éé{éffjjjjjjjjffjjf'é”"""""
« OSDPD implemented 2 Aug 2005 20

2 technical issues (resolved by John Sapper): 101 e 5 | ;
- Match-up files filled up for NOAA-17 and -18 O
- Delays w/implementation (hard-coded pointers in Tauoy

OSDPD code and personnel changes/contractor vacation)

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 3
SST and Aerosol Status
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w Data

Operational NESDIS SST and Aerosol over
global ocean 8-16 Jun 2005 from 3 AVHRR/3
NOAA-18, NOAA-17, and NOAA-16

SST/AEROBS 8-day rotating files CEMSCS
(N18: started on 7 June 2005 with N16 coeff)
Ty, T, 7o, NLSST, MCSST, Climate T

8km (2x2 GAC pixels) x daily

AEROBS: Day only/40° glint/anti-solar side

SSTOBS: Day/Night + glint/solar side

NOAA-16/L  (Sep 2000; 3 PM)
NOAA-17/M  (Jun 2002; 10 AM)
NOAA-18/N  (May 2005; 2 PM)

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 4
SST and Aerosol Status
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Sea Surface Temperature

* N18 SST in these analyses use N16 coefficients

* New coefficients were implemented on 2 August 2005

« The SST/AEROBS 8-day rotating files will be fully refreshed by 11 Aug 2005
« Comprehensive evaluation of SST will be completed after that date

« SST coefficients might be adjusted based on evaluation before 31 Aug 2005

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 5
SST and Aerosol Status
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NLSST June 2005
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Ni17 GLOBAL AEROBS JUN 2005
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N18 Cal/Val Workshop 9 Aug 2005:
SST and Aerosol Status
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N16 is ~3pm
N18 is ~2pm
N17 is ~10am



NLSST Anomalies June 2005

(Bauer-Robinson 1985 climatology subtracted)
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11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 7

SST and Aerosol Status
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Conclusion to SST

* ORA calculated SST coefficients from buoy match ups

* OSDPD implemented 2 August 2005

» Analyzed daytime NLSST (11/12 um) derived w/N16 coefficients
* No excessive noise found in N18 daytime NLSST

* N16/17 SSTs remain globally consistent within ~0.1K

Work underway

- Do global analyses w/correct N18 coefficients (after 11 Aug 2005)

- Include night-time SST in consistency analyses (3.7 um)

- Document at the AMS’06 Conf on Satellite Meteorology & Oceanography

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 8
SST and Aerosol Status
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11/11/2005

Aerosol

N18 Cal/Val Workshop 9 Aug 2005:
SST and Aerosol Status
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Aerosol June 2005: ©,

o t-errors: due to AVHRR calibration
7, (0.63 um)
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11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 10

SST and Aerosol Status
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N18 Cal/Val Workshop 9 Aug 2005:
SST and Aerosol Status
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AVHRR band 2:
N18 biased high by
~-1% with respect to
N17 and by ~-4% with
respect to N16.

Sensitivity charts show
error in AOD2 as a
function of AOD?2, for
4 levels of cal error
from 5% to 20%.
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N18 Cal/Val Workshop 9 Aug 2005:

SST and Aerosol Status
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Black curve shows the
expected distribution of
Angstrom exponent.
High bias in N18 band
1 and low bias in band
2 work in the same
direction and amplified
in Angstrom exponent.

Angstrom exponent
(related to a ratio of
two AODs in bands 1
and2) is a very
sensitive indicator of
AVHRR cal (shows
unresolved
combination of bands).
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Conclusion to Aerosol

* N18 AVHRR channel 1 is biased high by +6..9%

* N18 AVHRR channel 2 is biased low by -1..-4%

* Vis Cal should be fixed for the quality aerosol product

» Channel 3A was not available for analyses from 8-16 June 2005
* No “unusual” anomalies in solar reflectance bands observed

Work underway

- Re-examine aerosol product after Vis Cal adjustments

- Do global analyses of SST/Aerosol correlations (after 11 Aug 2005)

- Document at the AMS’06 Conf on Satellite Meteorology & Oceanography

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 13
SST and Aerosol Status
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Conclusion to SST/Aerosol:

Recommend declaring N18 operational by end August

11/11/2005 N18 Cal/Val Workshop 9 Aug 2005: 14
SST and Aerosol Status
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Impact of NOAAL18 in the Met Office Global Model

Brett Candy, Steve English and Fiona Hilton
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Trial Details (1)

*Monitoring of NOAA18 AMSU data shows that the data is of
comparable gquality to other NOAA platforms

*Currently operational global model assimilates AMSU data
from N15, N16, Aqua

* The time for processing ATOVS data cannot increase
therefore we intend to withdraw Aqua and replace it with
NOAA-18

*Prior to assimilation we thin data to 1 ATOVS observation
per analysis gridpoint. Intention is to give NOAA-18 the
priority in the thinning

*A near real time trial of duration 1 month has been run to test
this strategy

© Crown copyright Page 3
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Trial Detalls (2)

* Trial consists of two runs

«a) Control as operations (N15, N16, Aqua) + N18 in
passive mode to collect bias correction stats

*b) Experiment Aqua withdrawn, N18 assimilated

*The experiment was switched on after the control had
completed 10 days in order to accumulate enough stats for
bias correction.

© Crown copyright Page 4
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Average Data Assimilated for a Main forecast Run

Control Experiment
CN15 BN16 ON18 BAqua OTotal ’D N15 BN16 [ON18 B Aqua O Total
14000 14000
12000 12000
10000 10000
8000 8000+
6000 6000
4000 4000
2000 2000+
0 0
© Crown copyright Page 5
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Main forecast Run Plot

©(Q

Data Coverage: SatRad ATOVS (27/7/2005, 0 UTC, qg00)
Total number of observations assimilated: 15750

5231 NOAA-15, Min: 206, Max: 206, Mean: 206
3185 NOAA-16, Min: 207, Max: 207, Mean: 207

7334 NOAA-18,

30°N

rown copyright

150°E

age 6

79



NOAA1S8 fit to short range forecast

Black — Control run
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NOAA1G6 fit to short range forecast

Black — Control run
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Northern Hemisphere: Main impact is in PMSL

Red: Control Blue: Exp
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Overall: 16 parameters improved, 101 neutral, 6 worsened
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Tropics: ~Neutral for surface winds

Red: Control Blue: Exp
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Overall: 14 parameters improved, 106 neutral, 3 worsened
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Southern Hemisphere: Main impact is again in PMSL
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Overall: 26 parameters improved, 83 neutral, 14 worsened
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Global T+6 fitcomparisons using Sondes

% Improvement to RMS fit
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Verification of the moisture forecasts
Red: Control Blue: Exp
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Conclusions

 Forecast impacts due to the switch over from Aqua to
Noaal8 are very encouraging. Part of this improvement is
probably due to more data arriving in time for the main runs

* NOAAL18 is now in our parallel suite with the expectation of
operational assimilation from 9™ August

» Use of N18 data in regional models expected from Autumn

© Crown copyright Page 15
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Atmospheric Administration was established as part of the
Department of Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess
the socioeconomic impact of natural and technological changes in the environment and to monitor
and predict the state of the solid Earth, the oceans and their living resources, the atmosphere, and

the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical

information in the following types of publications

PROFESSIONAL PAPERS - Important
definitive research results, major techniques,
and special investigations.

CONTRACT AND GRANT REPORTS -
Reports prepared by contractors or grantees
under NOAA sponsorship.

ATLAS - Presentation of analyzed data
generally in the form of maps showing
distribution of rainfall, chemical and physical
conditions of oceans and atmosphere,
distribution of fishes and marine mammals,
ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS - Re-
ports containing data, observations,
instructions, etc. A partial listing includes
data serials; prediction and outlook
periodicals; technical manuals, training
papers, planning reports, and information
serials; and miscellaneous technical
publications.

TECHNICAL REPORTS - Journal quality with
extensive details, mathematical
developments, or data listings.

TECHNICAL MEMORANDUMS - Reports
of preliminary, partial, or negative research
or technology results, interim instructions,
and the like.
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