QC

56 5 -~ OFCa
-uavr
no.65
c.2 NOAA Technical Report NESDIS 65
ATeS 0<

A NOISE LEVEL ANALYSIS OF
SPECIAL MULTIPLE-SPIN VAS DATA
DURING STORM-FEST

Washington, D.C.
April 1993

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Environmental Satellite, Data, and Information Service



Fig NOAA TECHNICAL REPORTS

National Environmental Satellite, Data, and Information Service

wironmental Satellite, Data, and Information Service (NESDIS) manages the Nation’s civil Earth-
ystems, as well as global national data bases for meteorology, oceanography, geophysics, and solar-
From these sources, it develops and disseminates environmental data and information products
critical to the protection of life and property, national defence, the national economy, energy development and distri-
bution, global food supplies, and the development of natural resources.

Publication in the NOAA Technical Report series does not preclude later publication in scientific journals in
expanded or modified form. The NESDIS series of NOAA Technical Reports is a continuation of the former NESS
and EDIS series of NOAA Technical Reports and the NESC and EDS series of Environmental Science Services

Administration (ESSA) Technical Reports.

A limited number of copies are available by contacting Nancy Everson, NOAA/NESDIS, E/RA22, 5200 Auth Road,
Washington D.C., 20233. Copies can also be ordered from the National Technical Information Service (NTIS),
U.S. Department of Commerce, Sills Bldg., 5285 Port Royal Road, Springfield, VA. 22161, (703) 487-4650 (prices
on request for paper copies or microfiche, please refer to PB number when ordering). A partial listing of more recent

reports appear below:

NESDIS 12 Utilization of the Polar Platform of NASA's Space Station Program for Operational Earth Observations.
John H. McElroy and Stanley R. Schneider, September 1984. (PB85 1525027/AS)

NESDIS 13 Summary and Analyses of the NOAA N-ROSS/ERS-1 Environmental Data Development Activity.
John W. Sherman Ill, February 1985. (PB85 222743/A3)

NESDIS 14 NOAA N-ROSS/ERS-1 Environmental Data Development (NNEEDD) Activity. John W. Sherman I,
February 1985. (PB86 139284/AS)

NESDIS 15 NOAA N-ROSS/ERS-1 Environmental Data Development (NNEEDD) Products and Services.
Franklin E. Kniskem, February 1985. (PB86 213527/AS)

NESDIS 16 Temporal and Spatial Analyses of Civil Marine Satellite Requirements. Nancy J. Hooper and John W.
Sherman 111, February 1985 (PB86 212123/AS)

NESDIS 18 Earth Observations and the Polar Platform. John H. McElroy and Stanley R. Schneider, January 1985.
(PB85 177624/AS)

NESDIS 19 The Space Station Polar Platform: Intergrating Research and Operational Missions. John H. McElroy
and Stanley R. Schneider, January 1985. (PB85 195279/AS)

NESDIS 20 An Atlas of High Altitude Aircraft Measured Radiance of White Sands, New Mexico, in the 450-1050
nm Band. Gilbert R. Smith, Robert H. Levin and John S. Knoll, April 1985. (PB85 204501/AS)

NESDIS 21 High Altitude Measured Radiance of White Sands, New Mexico, in the 400-2000nm Band Using a
Filter Wedge Spectrometer. Gilbert R. Smith and Robert H. Levin, April 1985. (PB85 206084/AS)

NESDIS 22 The Space Station Polar Platform: NOAA Systems Considerations and Requirements. John H. McElroy
and Stanley R. Schneider, June 1985. (PB86 6109246/AS)

NESDIS 23 The Use of TOMS Data in Evaluating and Improving the Total Ozone from TOVS Measurements.
James H. Lienesch and Prabhat K. K. Pandey, July 1985. (PB86 108412/AS)

NESDIS 24 Satellite-Derived Moisture Profiles. Andrew Timchalk, April 1986. (PB86 232923/AS)

NESDIS 26 Monthly and Seasonal Mean Outgoing Longwave Radiation and Anomalies. Aronold Gruber, Marylin
Vamadore, Phillip A. Arkin and Jay S. Winston, October 1987. (PB87 160545/AS)

NESDIS 27 Esttimation of Broadband Planetary Albedo from Opertional Narrowband Satellite Measurements.
James Wydick, April 1987. (PB88 107644/AS)

NESDIS 28 The AVHRR/HIRS Operational Method for Satellite Based Sea Surface Temperature Determination.
Charles Walton, March 1987. (PB88 107594/AS)

NESDIS 29 The Complementary Roles of Microwave and Infrared Instruments in Atmopsheric Soundings. Larry

McMillin, February 1987. (PB87 184917/AS) o )
NESDIS 30 Planning for Future Generational Sensors and Other Priorities. James C. Fischer, June 1987.

(PB87 220802/AS)



NOAA Technical Report NESDIS 65 Fig

A NOISE LEVEL ANALYSIS OF
SPECIAL MULTIPLE-SPIN VAS DATA

DURING STORM-FEST

Donald W. Hillger

James F.W. Purdom

Office of Research and Applications

Regional and Mesoscale Meteorology (RAMM) Branch

and
Debra A. Molenar

Colorado State University
Cooperative Institute for Research in the Atmosphere (CIRA)

library
ad
JUn ) 0 mi
UVT.
Washington, D.C. . ‘U on
April 1993 C.7-

U.S. DEPARTMENT OF COMMERCE
Ronald H. Brown, Secretary

National Oceanic and Atmospheric Administration
Diana H. Josephson, Acting Under Secretary

National Environmental Satellite, Data, and Information Service
Gregory W. Withee, Acting Assistant Administrator






CONTENTS

Page
LIST OF FIGURES. .« oottt et e e e e a e e eaaas iv
LIST OF TABLES. .. i e et e e e e e e emea e e aaaaan iv
ABSTRACT - - o i i e e e e e e e e e e m e e e aa 1
INTRODUCTEON .« . o e i e i e e e e e e aac e e e mcaaa e aaaaaaaan 2
SPECIAL STORM-FEST VAS DATA. e e e e e e e e e aa e e e 2
2.1 Data file organization...... 5
STRUCTURE ANALYSIS..... 5
3.1 Noise Levels from Structure Analysis.... .. .. ... . ... ..... 6
3.2 Structure-estimated Noise Levels as a Function of the
Number oF SpPINS. ... i e e e e e aacaaaaaaaaaan 8
REPEAT-VIEW VARIABILITY . o oo e e e e e e aeae 8
4.1 Repeat-view Noise Levels as a Function of the Number of
15T 11 10
SPACE-LOOK VARIABILITY & e e e e e e e e e eeeaaaa e 11
COMPARISONS OF NOISE LEVELS TO DESIGN SPECIFICATIONS.......... 13
6.1 Noise Level Comparisons as a Function of the Number of
L 0 11 13 16
DIURNAL VARIATIONS IN NOISE LEVELS. . ... i e e e 16
SUMMARY AND CONCLUSIONS. - oo it e e e e e e eeemea e e aaa e 27
ACKNOWLEDGEMENT S. & oo i e e e e e e cmec e e ecaae e eeaaaaann 29
REFERENCES . « « . i e e e e d e e e e e e e e e 30



LIST OF FIGURES

Page
A e e e e e e e e e e e e e e e e e e e 4
2 e e e e e e e e e e e e e e e 7
R 9
A e e e e e e e e e e e e e e e 12
L 14
L= 17
............................................................ 18
............................................................ 19
........................................................... 20
........................................................... 21
........................................................... 22
[ 23
........................................................... 24
........................................................... 25
L 26
722 28

LIST OF TABLES

Page
d e e e e e e e e e e e e e e e aaaaaaaan 3
2 8
O 10
A e e e e e e e e e e e e e e aea e 11
5 . 15
L 27



A NOISE LEVEL ANALYSIS OF SPECIAL
MULTIPLE-SPIN VAS DATA DURING STORM-FEST

Donald W. Hillger
James F.W. Purdom

NESDIS, Regional and Mesoscale Meteorology (RAMM) Branch
Debra A. Molenar
Cooperative Institute for Research in the Atmosphere (CIRA)

Colorado State University (CSU)
Fort Collins, CO 80523-0033

ABSTRACT

In December 1989/ a special collection period for VAS (VISSR
Atmospheric Sounder) data was arranged in order to test the effect of
spin budget (multiple samples at the same field-of-view [FOV]) on the
noise levels of the VAS channels. Results of that study were reported
in NOAA Technical Report 56. However/ upon completion of that study,
we decided to recalculate some of the results with Improvements
learned during the first study. Those improvements are: 1) To
calculate the results in radiance units instead of effective blackbody
temperature units; and, 2) To save VAS data off the edges of the earth
to better compare with the space-look noise levels provided by CIMSS.
At the same time, some subtle errors in the analysis software have
been corrected, resulting in noise levels that now conform to the
expected theoretical decrease with increasing numbers of spins.

Special multiple-spin VAS data were available during STORM-FEST
(STormscale Operational Research and Meteorology - Fronts Experiment
Systems Test) to accomplish these technical improvements. Like the
old study, this new study compares noise levels of the VAS channels
determined by three methods to the design specifications for the VAS
instrument. Results from the three analysis methods agree in general,
and results conform to design specification as well, but with some
differences. The agreements indicate that all three noise level
estimating methods are viable, but the differences indicate that the
three methods for determining noise levels should occasionally be
intercompared using operational data sets.

Finally noise levels were calculated as a function of time of
day, to determine if there was any systematic diurnal variation that
can be determined. Results indicate that there was no detectable
diurnal variation in noise level of any of the VAS channels.

Noise levels should be determined frequently for any operational
data set. For VAS the requirements for sounding errors can then be
used to specify the spin budget (number of temporal samples) or the
spatial averaging needed to meet those requirements. In the case of
GOES-Next, the FOV dwell time may be increased or decreased to alter
noise levels. The change in noise level with dwell time should be an
ongoing test applied to operational data from GOES-Next.



1.0 INTRODUCTION

High-resolution VISSR Atmospheric Sounder (VAS) radiances with a
spin budget of up to 31 spins per channel were taken during a special
data collection period from February through mid-March 1992. The
purpose of this special collection was to provide data for the
STormscale Operational Research and Meteorology - Fronts Experiment
Systems Test (STORM-FEST). Although the purpose of STORM-FEST was to
look at weather fronts, the opportunity was available to do
high-spin-budget noise level determinations.

Noise levels for this special VAS data were determined using
three methods. The three methods were: 1) structure function
analysis of measurements at adjacent fields-of-view (FOVs); 2)
variability of multiple samples (spins) at each FOV; and 3)
variability of space-look measurements (provided by CIMSS).

Structure function analysis is a proven technique that allows the
determination of noise levels using routine, but cloud-free data. A
computer-intensive statistical analysis of the data is used to
determine the structure of the data, which is a combination of the
spatial gradient and the noise within the data. By removing the
spatial gradient from the structure function, the remainder is
equivalent to the relative noise determined from calibration
measurements. (Hillger and Vonder Haar, 1988).

The statistical variability of multiple measurements at each FOV
can also be used to determine the noise level of the data. Since the
individual measurements from multiple spins are not saved in
operational data sets, this method is only possible using special data
collection software which saves the individual measurements at each
FOV. Such single-spin data were collected at CIRA for this
repeat-view analysis.

Finally, noise level results from analysis of space-look
measurements were provided by Mr. T.J. Schmit of NESDIS/CIMSS
(Cooperative Institute for Meteorological Satellite Studies). The
variability of these no-spatial-gradient (off-the-earth) measurements
should be equal to the noise level of the instrument. Such space-look
measurements are used by CIMSS to occasionally determine the noise
levels of operational data.

Plots of noise levels versus the number of spins for each VAS
channel will Dbe shown. Noise levels derived from structure function
analysis will be compared to the statistical variability of multiple
measurements at each FOV and compared to space-look noise level
estimates. Then all three methods will be compared to the VAS design
specifications

2.0 SPECIAL STORM-FEST VAS DATA

Special VAS software was used to collect the individual-spin
(single-sample) radiance measurements during STORM-FEST for February
through mid-March 1992. The highest-spin-budget schemes for data
collection were called Meso-Beta. During the 10-minute Meso-Beta
schedule, VAS data were collected only over a limited north-south span
over the STORM-FEST region but for the full-width of the earth. Each
VAS channel was sampled a minimum of 9 times, with the exception of



VAS window channels 8 and 12 which were sampled only once for each
channel. Data were collected by the CIRA ground station every 6 hours
(4 times per day) during normal operations and as frequently as
possible during Intensive Operations Period (I0P) days. Table 1
provides some basic information about the VAS channels for the
10-minute Meso-Beta schedule. This table can be used for reference
regarding VAS channel characteristics. For example, column 4 gives
the approximate peak weighting level for each of the VAS channels

Table 1

VAS Channel Information for 10-minute Meso-Beta schedule

Approximate
VAS Filter Effective Peak Weight Horizontal Number
lannel Center Wavenumber Level Resolution Spins
(pm) (cm™1) (hPa) (km)

1 14.7 680 70 16 20

2 14.5 690 125 16 9

3 14.3 700 200 8 21

4 14.0 715 500 8 10

5 13.3 750 920 8 16

6 4.5 2208 850 16 9

7 12.7 789 1000 8 20

8 11.2 897 surface 16 1

9 7.3 1375 600 8 31
10 6.8 1486 400 8 14
11 4.4 2253 300 16 13
12 3.9 2541 surface 16 1

Data were collected for a total of either 7 or 10 different scan
lines (depending on the FOV size) that covered the entire width of a
full-disk earth image. After finding very few areas on the earth with
spatially homogeneous non-cloudy radiances for noise level
determination, we decided to use VAS radiances from off the edge of
the earth. Of this off-the-earth data an area of 100 along-line FOVs
from each of the 7 or 10 scan lines was chosen for intensive analysis.
Data for all VAS channels were taken at the horizontal resolution as
shown in column 5 of Table 1. For small-FOV sensors up to 10 scan
lines of VAS data were available, whereas for large-FOV sensors only 7
scan lines of VAS data were available. The 1line-to-line spacing
changes between the small-FOV sensors and the large-FOV sensors. For
both FOV sizes, the along-line spacing is equal (8 km at nadir).

Figure 1 shows a sample of VAS radiances from off the western
edge of the earth for 1848 UTC on 20 February 1992. (This is the date
and time used for all testing except the diurnal variation studies
performed at CIRA.) The first 500 FOVs are shown for VAS channel 1,
which has a large noise level and a low signal-to-noise ratio. The
signal from space is basically random, although subjectively there may
appear to be a trend in this data for spin-1 and scan-line-1 on this
day. This Figure contains only a sample of the larger statistical
base of VAS data used in this noise level analysis. There appears to
be no correlation between the radiances in Figure 1 and those for
other spins and other scan lines (not shown), as should be expected.
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Figure 1: VAS channel 1 signal composed entirely of noise from off

the edge of the earth. The first 500 elements are shown for
spin-1 and scan-line-1 prior to viewing the western edge of the
earth.



2.1 Data file organization

VAS data were organized into two different file types in order to
compute the necessary statistics. After first being saved in one huge
dwell-sounding file, software was used to separate the data stream
into a Tile for each sensor size and spin. Up to 31 single-sample
(1-spin) Tiles were created for each VAS channel. The 6 small-FOV
channels and the 6 large-FOV channels were put into separate Tiles.
The reason for this was to simultaneously compute statistics on VAS
channels with equal [line~to-line spacing. These single-spin data
files were used to compute the repeat-view statistics. Additional
software was used to produce spin-averaged radiance files from the
single-spin radiance files. This resulted in up to 31 files for each
channel. These spin-averaged radiances were used to compute the
structure-estimated noise levels.

In the original data stream the various channels and spins are
transmitted in a mixed (non-consecutive) order. That mixed order is
based on the arrangement of the infrared filters and upon a paired
arrangement of sensors in the VAS instrument. At the time of
separation into data files for each spin, the VAS data were
reorganized into a form where scan lines are consecutive and VAS
channels are separated. A file with consecutive scan lines can be
displayed as an image. Conversion from measured count values to
radiances and navigation of the data take place at the time of
separation into individual files.

3.0 STRUCTURE ANALYSIS

One method of determining the noise level of satellite
measurements is by structure function analysis (Hillger and Vonder
Haar, 1979, and 1988; Wald, 1989) Structure analysis statistically
compares measurements at adjacent FOVs to determine the gradient as a
function of separation distance (Gomis and Alonso, 1988). The
structure function is then objectively extrapolated to zero separation
distance, effectively taking the spatial gradient out of the
statistics. The remaining structure at zero distance can be shown to
be twice the noise variance (the square of the standard error [e])
(Gandin, 1963),

2
structure at zero separation distance = 2e . @

Examples of structure function plots were given in NOAA Technical
Report 56 (Hillger et al, 1991). The structure function was computed
by comparing only those measurements from one scan line to the next
scan line. Adjacent measurements on different scan lines should be
entirely independent of sensor response, whereas adjacent measurements
along the same scan Lline are correlated because the VAS sensor®s
response is slower than its sampling frequency (the measurements are
convolved) . (For details on convolution of the VAS infrared signal,
see Gabriel and Purdom [1990a and b].) Structure analysis of the
along-line measurements, because the measurements are correlated,
underestimates the true spatial gradient (and the estimated noise)
between nearby measurements. Thus, the results from along-line
statistics are not useful for noise level estimation, and only the
line-to-line statistics are used in this study.



3.1 Noise Levels from Structure Analysis

Structure function analysis was run on each of the spin-averaged
VAS radiance files for 1 to 31 spins per channel. Single-spin
(1-spin-per-channel) results for each of the 12 VAS channels are given
in Table 2. Column 2 of Table 2 gives the multiplication factor
applied to each VAS channel. This factor was determined in order to
make the signal and noise radiances of similar magnitude among the VAS
channels. For some channels the multiplication factor is 1,
indicating that the radiances are actual values, whereas for other
channels the multiplication factors are either 10 or 100, indicating
that the radiances have been increased by that factor.

Table 2

Single-sample (1-spin) Structure-estimated Noise Levels
Date: 1992-February-20 (Julian-day 51)

VAS Mult- Signal Max imum Minimum Signal -
Channel Factor Level RMS Noise RMS Noise to-Noise
(mw/...) (mw/...) (mW/...)

1 1 21.8 4.97 4.97 4.4

2 1 20.4 2.43 2.43 8.4

3 1 20.4 2.49 2.33 8.2

4 1 23.3 1.78 1.78 13.1

5 1 31.8 1.68 1.44 18.9

6 100 16.1 4.07 4.07 4.0

7 1 38.1 1.35 1.35 28.2

8 1 33.5 0.15 0.15 223.

9 10 49.7 13.35 13.21 3.7
10 10 20.13 3.39 3.39 5.9
11 100 9.91 4.43 4.43 2.2
12 100 29.4 1.12 1.12 26.2

radiance units (MW/[m2 sr cm-1])

Column 3 of Table 2 gives the signal level found in each VAS
channel . This 1is the standard deviation of the radiances observed
over the earth for the day being analyzed. Columns 4 and 5 give the
maximum and the minimum structure-estimated noise levels. The maximum
noise level is from the un-extrapolated structure and the minimum
noise level is from the structure objectively extrapolated to zero
separation distance. These two noise levels are often similar since
no spatial gradient exists in the off-the-earth (space) measurements.
Finally, the last column of Table 2 gives the signal-to-noise ratio
for each VAS channel. These numbers are the ratios of the signal
(column 3) to the maximum structure-estimated noise level (column 4).

Figure 2 gives the noise levels for each of the 12 VAS channels
(the same numbers as in Table 2) in graphical form. Similar figures
were generated for 1 to 31 spins, but only the single-sample
(1—sPin—per—channel) case is shown. Values of signal level and noise
level, referred to below, are in vradiance units (MW/[m2 sr cm~1]).
The longest vertical bar for each VAS channel is the signal, which is
simply the standard deviation of all the measurements that were
collected at the time of analysis, indicating the natural variability
of the weather seen in each of the VAS channels. Two estimates of the
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noise level are given. The left of the two shorter vertical bars is
the noise level from the structure at 1-FOV separation. This
structure at non-zero distance may contain spatial gradient
information and therefore may overestimate the actual noise level.
The right vertical bar is the estimated noise level from the structure

at zero separation distance. In some situations the extrapolation
resulted in lower noise levels when spatial gradient was present at
1-FOV separation. In most situations (because no spatial gradient

exists) the extrapolated structure is identical to the structure at
1-FOV separation.

The numbers on top of the vertical signal bars in Figure 2 are
the signal-to-noise ratios for each VAS channel. Being ratios, these
numbers are dimensionless. Some VAS channels have much more signal,
and therefore greater signal-to-noise than other channelss Low signal
channels are the upper-level VAS channels (1-3) and others, unlike
large-signal channels which are typically the lower-level VAS channels
(7, 8, and 12).

3.2 Structure-estimated Noise as a Function of the Number of Spins

To determine the effect of the number of spins on noise level,
the spin-averaged vradiances for 1 to 31 spins were analyzed for each
channel. Figure 3 shows the results for VAS channel 1 only. The top
line is the signal level "S", and the bottom two lines are the maximum
"X* and the minimum °*N* estimates of the random noise, described
above. The values on these |lines correspond to numbers on the
vertical axis. The numbers above the signal line in Figure 3 are the
signal-to-noise ratios.

Typically the noise level decreases asymptotically with
increasing numbers of spins. Sampling theory says that the standard
error (en) Tfor multiple samples (or 1iIn our case, spins) of
un-correlated measurements should decrease by the square root of the
number of spins (n) from the noise for one spin (e?), or

172
e =e /n (@)
n 1

To show the expected decrease in noise, a curve was computed
according to Equation 2 starting with the value at 1 spin. This curve
is the dashed line in Figure 3, showing the theoretical decrease in
noise level with increasing numbers of spins. For nearly all VAS
channels the decrease in structure-estimated noise with increasing
numbers of spins TfTollows the shape of the theoretical curve. A few
exceptions include the minimum noise levels for some VAS channels,
where the extrapolations to zero separation distance appear to be
invalid. These exceptions  will be apparent when the
structure-estimated results are compared to the other noise level
methods:

4.0 REPEAT-VIEW VARIABILITY

Besides the structure analysis, another measure of the noise
levels of the VAS channels was obtained by statistically comparing the
variability of multiple measurements over the same FOVs. This method
is not possible with operational data, because the individual
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measurements for each spin are not normally saved, but are immediately
summed and later averaged to give a single value for each FOV.
However for this special data set, the individual measurements for
each spin were saved in single-spin files and were statistically
analyzed to determine the variability of the measurements in each of
the VAS channels.

Because multiple samples (spins) were taken at each FOV, it 1is
possible to compute the standard deviation of the individual samples.
The resulting statistic is called the repeat-view variability since it
represents the variability of the single-sample (1-spin) measurements
at any FOV. Also, by adding together groups of, for example, 2 spins
at a time, it 1is possible to compute the variability of up to 15
independent samples of 2-spin averaged measurements, as in the case of
31 spins for VAS channel 9. For other channels the number of 2-spin
combinations is fewer. Likewise if 3 spins at a time are averaged
together, it is possible to compute the variability of up to 10
independent samples of 3-spin averaged measurements, as in the case of

31 spins. However, it 1is not possible to form more independent
samples than half the number of available spins for any given VAS
channel. The maximum number of spins for which a minimum of 2

independent samples are available for repeat-view statistics is given
in column 2 of Table 3.
Table 3

Single-sample (1-spin) Repeat-view Noise Levels
Date: 1992-February-20 (Julian-day 51)

VAS Maximum  Mult- Repeat-view
Channel Spins Factor Variability
(mw/...)

1 10 1 4.84
2 4 1 2.30
3 10 1 2.66
4 5 1 1.74
5 8 1 1.75
6 4 100 3.99
7 10 1 1.41
8 1 1 0.14
9 15 10 13.32
10 7 10 3.38
11 6 100 4.68
12 1 100 1.05

radiance units (MW/[m2 sr cm“1])

Column 3 of Table 3 gives the multiplication factor for the noise
levels, and column 4 gives the repeat-view noise level for each of the
VAS channels. Only single-spin noise levels are given. Results of
computations at other number of spins are given below.

4.1 Repeat-view Noise Levels as a Function of the Number of Spins
As expected, there is a decrease in noise level with 1increasing

numbers of spins (samples), as was the case for the structure
analysis. The repeat-view noise levels for VAS channel 1 are plotted

10



in Figure 4. The line labeled "R" is the repeat-view noise computed
for up to 10 spins (out of the 20 available spins for VAS channel 1).
For comparison purposes the theoretical decrease in noise with
increasing numbers of spins is plotted as an dashed line in Figure 4.
The theoretical curve starts with the value for 1 spin and uses
Equation 2 to compute the values for multiple spins. For all VAS
channels the measured and theoretical curves are similar, as will be
show below, iIndicating that the noise levels do decrease as expected
by theory.

5.0 SPACE-LOOK VARIABILITY

During this special STORM-FEST period, NESDIS/CIMSS computed the
variability of space-1ook (well off the edge of the earth)
measurements (Schmit, 1992; Schmit and Menzel, 1992). Table 4 lists
the space-look results for 2048 UTC on 20 February 1992. (This is 2
hours later than the time of the data set used for the previous
results.) For each VAS channel the maximum number of spins is given in
column 2. For all VAS channels, the space-look variability in column
3 was measured as the standard deviation of about 450 multiple-spin
averaged measurements. Because multiple spins were collected, the
average variability in column 3 is reduced from the expected

single-spin noise. These numbers  were then converted into
single-sample (1-spin) noise levels in column 4 using the inverse of
Equation 2. This is the single-spin noise assuming that noise

increases as the square root of the number of spins decreases. Column

3 contains measured values, whereas column 4 contains derived __values.
All noise levels are given in radiance units (MW/[m™ sr cm™i]). The

resulting space-look noise levels are compared below to both the
structure-estimated noise levels and the repeat-view variabilities.
Table 4

Space-look Noise Levels
Date: 1992-February-20 (Julian-day 51)

VAS Number Space-look Single-sample Digitization
Channel of Spins Variability Variability Level
(mw/...) mw/...) mw/...)
1 20 1.04 4.65 0.12
2 9 0.64 1.92 0.14
3 21 0.50 2.29 0.15
4 10 0.42 1.33 0.17
5 16 0.37 1.48 0.24
6 9 0.009 0.027 0.0025
7 20 0.31 1.39 0.26
8 1 0.13 0.13 0.24
9 31 0.17 0.95 0.04
10 14 0.07 0.26 0.02
11 13 0.01 0.036 0.0025
12 1 0.006 0.006 0.0025

radiance units (MW/[m2 sr cirT*])
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Figure 4: Repeat-view noise level as a function of the number of

spins for VAS channel 1. The line labeled *R" is the noise level
for 1 through 10 spins (the maximum possible number of spins in 2
independent samples out of 20 total spins). The dashed line is
the theoretical decrease in noise level with increasing numbers
of spins (samples).
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Finally, the last column of Table 4 gives the digitization level
for each of the VAS channels. This is the radiance difference between
each count value from the VAS instrument, depending on the channel
being con?idered- of all the VAS channels only the noise level in
VAS channe in columns 3 or (0.13 mW/[m2 sr cm 1] approaches the
digitization level of the satelllte radiances for this channel. For

VAS channel 8 the digitization level for 1 measured count value is
about 0.24 mW/(m2 Sr cm“l), which means that radiances cannot be

determined within plus or minus one half (0.12 mW/[m2 sr cm-1]) of the
diance itization® level. This dl itation level is also close (0]
tﬁe structur% est%mated noise level ? sp}n (0.15 /fmz sr cm’
in columns 4 or 5 of Table 2. A true noise Ievel less than the
digitization level cannot be determined, since the digitization Ilevel
limits the precision of the measured radiances. This may indicate
that the measurements in VAS channel 8 alone are digitization limited.
Only with a lower digitization level between count values can the VAS
channel 8 noise level be determined.

6.0 COMPARISONS OF NOISE LEVELS TO DESIGN SPECIFICATIONS

The noise levels estimated by performing structure function
analysis and computed from repeat-view statistics should be similar to
those obtained from space-look data. Table 5 is a comparison of noise
levels from these three analysis methods. Column 3 gives the
structure-estimated noise level, column 4 gives the repeat-view
variability, and column 5 gives the space-look variability (from

column 4 of Table 4). In addition, the last column in Table 5 gives
the pre-launch design specification for single-sample VAS measurements
(Chesters and Robinson, 1983; Chesters et al, 1985). In each column

the noise levels are for single-sample (1-spin) measurements.

Figure 5 is a bar graph of the single-sample noise levels from
Table 5. Vertical bars with different shading are used to compare the
three noise level determinations to the pre-launch design

specifications for each VAS channel. Maximum structure-estimated
noise levels are unshaded. Repeat-view noise levels are shaded with
vertical lines. Space-look noise levels are shaded with horizontal

lines. The design specifications are shaded black.

The structure-estimated noise levels compare well with the
repeat-view variability for all channels. By using off-the-earth
radiances with no spatial gradient, problems with extrapolating the
structure function to zero distance have been largely eliminated.
Such problems were common to VAS channels 8 and 12 in the previous
study (Hillger et al, 1991). The problem was the inability to remove
all of the spatial gradient information from the structure analysis.
For the VAS window channels (8 and 12) there is often great
variability at small scales, even below the resolution of the VAS
instrument. It is hard to effectively eliminate (extrapolate out) all
the spatial gradient from such highly variable channels. By employing
off-the-earth radiances with no gradient the structure-estimated noise
levels are more reliable.
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Figure 5: Single-sample (1-spin) noise levels from the three

different analysis methods compared to the pre-launch design
specifications for each of the 12 VAS channels. The numbers are
the same as in Table 5. Vertical bars with different shading
(see the legend) are used for each analysis method.
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Table 5

Single-sample (1-spin) Noise Level Comparison
Dates 1992-February-20 (Julian-day 51)

VAS Mult- Structure* Repeat-view** Space-look*** Single-sample
Channel Factor -estimate Variability Variability Design Specs
(mwz...) (mw/...) (mw/...) mw/...)
1 1 4.97 4.84 4.65 4.9
2 1 2.43 2.30 1.92 2.0
3 1 2.49 2.66 2.29 1.8
4 1 1.78 1.74 1.33 1.4
5 1 1.68 1.75 1.48 1.4
6 100 4.07 3.99 2.7 5.7
7 1 1.35 1.41 1.39 1.4
8 1 0.15 0.14 0.12 0.16
9 1 13.35 13.32 9.5 13.
10 10 3.39 3.38 2.6 3.3
11 100 4.43 4.68 3.6 6.6
12 100 1.12 1.05 0.7 2.0

radiance units (MW/[m2 sr cm"1])

* from Table 2, column 4
** from Table 3, column 4
*** from Table 4, column 4

Next, the structure-estimated and repeat-view noise levels cure
compared to single-sample (1-spin) space-look noise level in column 5
of Table 5 (from column 4 of Table 4). For most channels the noise
levels differ by very little, except for VAS channels 6, 9, 10, 11,
and 12+« But for nearly all VAS channels the noise levels as estimated
by structure analysis and by repeat-view variability are greater than
the space-look variability. This general tendency can be explained by
the fact that the space-look results were determined from
measurements, some of which are correlated since they are taken from
adjacent FOVs along the same scan line. The reduced standard
deviation of correlated measurements would result in lower than actual
noise levels. In contrast, for the first two methods an effort was
made to exclude all correlated measurements. The difference would
cause the space-look noise levels to be slightly but consistently
lower than noise levels determined by the other two methods. Further
testing at CIMSS verified that the inclusion of correlated
measurements from the same scan line does have the expected effect
upon the space-look noise levels (Schmit, 1993).

Finally, the comparison to the single-sample (1-spin) design
specification produces some interesting comparisons. For most VAS
channels the three noise level estimates are very similar and they
agree with the design specifications. But for VAS channels 6, 11, 12
the estimated noise levels are significantly smaller than the design
specifications. This is entirely possible, since the design
specifications are usually met, if not exceeded. Interestingly, these
are three of the channels where the space-look noise levels differ
significantly from the the better agreement between the First two
noise level methods, putting some additional doubt into the
comparability of the space-look results.
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6.1 Noise Level Comparisons as a Function of the Number of Spins

Figures 6a through 6j show comparisons of the noise levels
determined by the various analysis methods as a function of the number
of spins for each VAS channel. Results are shown for all except VAS
channels 8 and 12 where only 1l-spin is available for each channel.
Results for those channels are already given in Table 5. The Iletters
*X* and °*N* are wused to represent the maximum and the minimum
structure-estimated noise levels, "R" represents the repeat-view
resultsf *S* gives the space-look results from CIMSS, and 'D°

represents the design specifications. The space-look results are
determined at the maximum number of spins (same numbers as in column 3
of Table 4) and are converted to other numbers of spins. The design

specifications are given at 1 spin (from the last column of Table 5)
and are converted to other numbers of spins, thus these two lines
exactly Tfollow the theoretical decrease in noise with increasing
numbers of spins.

Finally, the dashed line at the bottom of each of Figures 6a
through 6j is the radiance digitization level for each channel. This
is the radiance increment between consecutive image counts, or the
slope (Ist-order) coefficient of the [linear conversion from image
counts to radiances. For each channel the value at 1 spin comes from
the last column of Table 4. Values at other numbers of spins are
calculated using Equation 2. Half of this value is the minimum level
for noise determination, and can be thought of as the uncertainty of
the noise estimates.

In nearly all channels the structure-estimated and repeat-view
noise levels follow the theoretical decrease expected for increasing
numbers of samples (spins). The only exceptions are some of the
minimum (or extrapolated) noise levels "N* where the extrapolation
appears to underestimate the true noise level according to theory.
This is especially true for VAS channels 1 and 6. For some channels
large differences exist between the structure-estimated/repeat-view
noise and the space-look results Tfrom CIMSS. Note especially VAS
channels 6, 10, and 11. If the differences are not due to the
inclusion of correlated measurements in the space-look analysis, then
it questions the reliability of using any one noise level
determination method.

7.0 DIURNAL VARIATIONS IN NOISE LEVELS

To determine if there was any diurnal variation in noise in the
course of a day, the single-spin repeat-view noise levels were
calculated every 3 hours from 1447 uTC on Julian-day 66
(1992-March-06) to 1750 UTC on Julian-day 67 (1992-March-07) during
one of the Intensive Operation Periods. This time span covers 10
times for a total of 30 hours. Some overlap in time span was
purposely included. Results for all 12 VAS channels are shown in
Table 6. Column 2 gives the multiplication factor for each radiance,
column 3 gives the average noise level, column 4 gives the noise level
standard deviation, and the last column gives the percentage of the
noise standard deviation compared to the average noise. For most
channels the noise varied by only a few percent, except for VAS
channel 8. The conclusion is that the variability with time is very
low and is probably not significant.
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Table 6

Diurnal Variability
Date: 1992-March-06/07 (Julian-day 66/67)

VAS Mult- Standard
Channel Factor Mean Deviation Percent

(mw/...) (mw/...)
1 1 4.698 0.092 1.97
2 1 2.219 0.049 2.23
3 1 2.576 0.025 0.95
4 1 1.693 0.029 1.73
5 1 1.686 0.026 1.55
6 100 3.833 0.057 1.49
7 1 1.387 0.026 1.88
8 1 0.117 0.013 10.85
9 10 13.054 0.136 1.04
10 10 3.334 0.051 1.52
11 100 4.369 0.076 1.75
12 100 0.968 0.038 3.89

radiance units (MW/[m2 sr cm™ )

The results for VAS channel 6 are shown in Figure 7. The plot is
formatted similar to the repeat-view noise level plot in Figure 4, but
with time variation instead of spin variation. Results for all VAS
channels show no detectable diurnal variation in noise off the edge of
the earth, even though there may be a diurnal variation in the signal
from the earth. This diurnal variation in the earth signal is
apparent in the near infrared in VAS channel 6, but is most apparent
in VAS channel 12 (not shown) . The maximum signal occurs around 1750
UTC (local noon) with lower signals at night in the view of the
satellite. The detection of no diurnal variation in noise agrees with
the conclusions of Schmit and Menzel (1992) and Schmit (1992) showing
no diurnal trend in their analyses of VAS noise levels.

8.0 SUMMARY AND CONCLUSIONS

Special high-spin-budget VAS data were collected during
STORM-FEST from February through mid-March 1992. VAS radiances from
off the edge of the earth were analyzed by three noise level
estimation methods. Structure function analysis of adjacent FOVs was
used to statistically determine the noise levels of multi-spin VAS
data. Repeat-view analysis was used to statistically determine noise
levels from single-spin VAS data through special data collection
software capable of saving all the individual spins of VAS data.
These noise level results were then compared to space-look results
from CIMSS and to design specifications for the VAS instrument.

Results of the structure-estimated and the repeat-view methods
were very similar for all VAS channels. This testifies to the
reliability of the structure function method for determining noise
levels, except for some cases of extrapolated noise levels. The
repeat-view method is much simpler to perform, but only if multiple
VAS measurements are saved at each FOV. Only when these multiple
measurements are saved are comparisons of single-sample (1-spin) to
multiple-sample noise levels possible.
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Figure 7: Noise levels for VAS channel 6 as a function of time. The

analysis was performed every 3 hours from 1447 UTC on Julian-day
66 to 1750 UTC on Julian-day 67. Data times are spaced evenly
except Tfor 0147 UTC because data for 0247 UTC were corrupted in
our data collection. Both signal 'S" and repeat-view fR" noise
level lines are shown, as well as dimensionless signal-to-noise
ratios above the signal line.
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Larger differences between the above two methods and the
space-look noise levels provided by CIMSS are of more concern. The
resulting noise level discrepancies may by due to inclusion of
correlated VAS data in the sample. On the other hand, these
discrepancies may indicate that multiple-spin space-look measurements
should not be used alone to predict the noise level of VAS
measurements. Single-spin VAS data can be used to verify the results
of multiple-spin noise-level methods. Thus, occasional comparisons of
the three methods would be wise.

The final analysis was to determine if there was any detectable
diurnal variability in the VAS noise levels. Using data every 3 hours
for a 30 hour period, the noise levels were determined, but the noise
level variability was only a few percent of the mean noise level for
all but VAS channel 8. Plots of the noise level with time showed no
apparent diurnal trend in the noise for any -of the VAS channels.

The determination of noise levels has many implications in
conjunction with the spatial variability that can be measured at
various wavelengths. One important application of such information
could be to determine sensor effective spatial resolution for future
satellites. Therefore, this study has implications for GOES-Next,
which will include many channels similar to those on the present GOES.
GOES-Next will not use multiple samples of the same FOVs to decrease
noise levels, but the dwell time may be increased to decrease noise
levels. The decrease in noise level with increasing dwell time should
be tested using some of the Tfirst data collected from GOES-Next.
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