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ABSTRACT
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 FOV) on the noise levels of the VAS channels. 
This study employs three methods to determine the noise level of the 
VAS channel measurements and compares those measurements to the design 
specifications for the VAS instrument. Results from the three 
analysis methods agreed in general, but each method failed in certain 
situations. This indicates that no one method of determining noise 
levels is totally reliable for operational data sets.

Knowledge of noise levels is an important part of the use of any 
data set. Requirements for sounding accuracy can then be used to 
specify the spin budget (number of temporal samples) or the spatial 
averaging needed to meet those requirements. Although GOES-Next will 
not use multiple samples of the same FOVs to decrease noise levels, 
the dwell time may be increased to decrease noise levels. The change 
in noise level with dwell time should be tested with 'operational' 
data from GOES-Next.



1.0 INTRODUCTION
The spin budget for operational VAS data collection is from one 

to four spins for any given scan line of data depending on the 
channel. The additional spins for the various channels are averaged 
at each field-of-view (FOV) along a scan line to provide VAS radiances 
with lower noise levels than would be obtained from a single sample (1 
spin) at each FOV. Spatial averaging of multiple FOVs is then used in 
operational situations to further reduce noise levels before producing 
thermodynamic soundings (Hayden, 1988). However spatial averaging was 
not considered in this study. Only the reduction in noise level due 
to multiple measurements at single FOVs was analyzed.

High-resolution VISSR Atmospheric Sounder (VAS) radiances with a 
spin budget of ten spins per channel were taken during a special data 
collection period in December 1989. The purpose of this special 
collection was to provide a data set for determining the optimal 
number of spins for each channel for producing single-FOV VAS 
thermodynamic soundings. The optimal number of spins is a tradeoff 
between the maximum number of spins which provide the lowest noise, 
while at the same time minimizing the number of spins so that a 
channel is not oversampled. Because of time constraints on satellite 
operation, oversampling reduces the total area that can be covered. 
By determining the noise level as a function of the number of spins 
for each channel, the number of spins can be determined where the 
noise level does not significantly decrease with additional spins. 
This is the optimal number of spins for that channel. Additional 
spins may slightly decrease noise levels but at the sacrifice of time 
needed to provide necessary spatial coverage.

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

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 function 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, the remaining structure is 
equivalent to the relative noise determined from calibration 
measurements of several satellite instruments (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 samples from multiple spins are not saved in operational 
data sets, this method is only possible from special data collections 
which save the individual measurements at each FOV.

Finally, space-view measurements were analyzed for their noise 
level. The variability of these no-signal (off the Earth) 
measurements should be equal to the noise level of the instrument. 
Such space-view measurements are used to regularly determine the noise 
levels of operational data. Space-view results presented in this 
study were obtained from Dr. W. P. Menzel of NESDIS/CIMSS 
(Cooperative Institute for Meteorological Satellite Studies).

2



Plots of signal ahd noise levels versus the number of spins for 
each VAS channel will be shown. Structure function derived values 
will be compared with the statistical variability of multiple 
measurements at each FOV and with space-view noise level estimates. 
Additionally, a few selected retrievals will be shown to illustrate 
the effect of the number of spins on the variability of the retrieved 
temperature or dew point temperature profiles.

2.0 SPECIAL VAS DATA
A special VAS collection period in December 1989 was arranged 

through Dr. W. P. Menzel at NESDIS/CIMSS. During this period a 
limited area was scanned with each channel sampled ten times. Data 
were collected by the CIRA ground station for analysis. Table 1 
provides some basic information about the VAS channels. This table 
can be used for reference regarding VAS channel characteristics.

Table 1
VAS Channel Information

VASChannel
Filter
Center
(pm)

Effective
Wavenumber

(cm-1)

Approximate
Peak Weight

Level
(hPa)

Best
Horizontal
Resolution

(km)
FOVSize

1
2
3
4
5
6
7
8
9

10
11
12

14.7
14.5
14.3
14.0
13.3
4.5

12.7
11.2
7.3
6.8
4.4
3.9

680
690
700
715
750

2208
789
897

1375
1486
2253
2541

70
125
200
500
920
850

1000
surface

600
400
300

surface

16
16
8
8
8

16
8
8
8
8

16
16

large
large
small
small
small
large
small
small
small
small
large
large

Data were available only for a total of 10 different scan lines 
that covered the entire width of a full-disk image. Only the middle 
third of each scan line was saved to reduce computer storage and to 
eliminate measurements taken at large scan (zenith) angles. Of the 
middle third only a small area of 100 along-line FOVs (from each of 
the 10 scan lines) was chosen for intensive analysis. Data for all 
VAS channels were taken at their maximum horizontal resolution as 
shown in column 5 of Table 1 • Figures la and lb show the FOV 
locations for the small resolution (8 km at nadir) sensors and the 
large resolution (16 km at nadir) sensors, respectively. For large 
FOV sensors only 7 scan lines of data were available. (Note that only 
the line-to-line spacing changes between the small FOV and the large 
FOV sensors.) For both FOV sizes, the along-line spacing is equal (8 
km at nadir).

3
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Figure la: Area of intensive analysis showing FOV locations for small
resolution (8 km at nadir) VAS sensors. Each small circle 
represents the center point of one FOV.
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Figure lb: 
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Same as Figure la, but for 
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2.1 Data file organization
Figure 2 presents a schematic of the VAS data flow for this 

special data set. VAS data were organized into two different file 
structures in order to compute the necessary statistics. Twenty 
single-sample (1-spin) and 20 spin-averaged 'image' files were created 
for each channel. After first being saved in one large file, software 
was used to separate the data stream into an 'image' file for each 
spin (left side of Figure 2) . Note that besides separation into 
individual spins, the small FOV channels and the large FOV channels 
were separated. The reason for this was to simultaneously compute 
statistics on VAS channels with equal line-to-line spacing. These 
single-sample data files were used to compute the repeat-view 
statistics. Additional software was used to produce spin-averaged 
'image' files for each channel with from 1 to 10 spins per scan line 
(right side of Figure 2). These data files 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. At the time of 
separation into data files for each spin, the VAS data were 
reorganized into a form where scan lines are consecutive. With 
consecutive scan lines a file can be displayed as an image, thus the 
term 'image' files used above. Conversion from measured count values 
to effective blackbody temperatures and navigation of the data takes 
place at the time of separation into 'image' files.

3.0 STRUCTURE ANALYSIS
One method of determining the noise level of satellite

measurements is by structure function analysis on a subset of the data 
(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 extrapolated to zero 
separation distance, effectively taking the spatial gradient out of 
the statistics. The remaining structure can be shown to be twice the 
noise variance (the square of the standard error [cr ]) (Gandin, 1963),

2
structure at zero separation distance = 2a . (1)

Figures 3a and 3b show typical structure analyses with 
polynomials fitted to the discrete structure values. Four polynomials 
are shown in each figure, least-squares fitted to the first 2, 3, 4,
and 5 discrete structure values. In Figure 3a, for VAS channel 5, all 
the polynomials have nearly identical intercepts at zero distance. 
However in Figure 3b, for VAS channel 7 with a steeper slope (stronger 
spatial gradient), the intercepts are different. In such a case, the 
best-fit zero distance value is based on a minimum in the unexplained 
variance between the polynomial and the discrete structure values. 
Consistency among the polynomials fitted to different numbers of 
structure values is also important. This is done to detect and 
eliminate polynomials fitted to individual structure values which may 
be unrepresentative of the true structure at small distances. The 
best-fit zero distance values were then used to compute the standard 
errors using the inverse of Equation 1.

5
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Figure 2: Ten-spin data flow for special VAS data collection.
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D i s t anc e l km )element (N — S)

Figure 3a: Example of structure analysis for VAS channel 5 showing
discrete structure values as a function of separation distance. 
The number next to each polynomials is the number discrete 
structure values in the least-squares fit. The best-fit among 
fitted polynomials is used to determine the structure value at 
zero distance.

10.0

150.100.

element (N ~ S) Distance (km)

Figure 3b: Same as Figure 3a, but for VAS channel 7.
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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 
any sensor response, whereas adjacent measurements along the same scan 
line 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 
therefore underestimates the true spatial gradient between nearby 
measurements, and the results from along-line statistics are not 
useful for noise level estimation.
3.1 Noise Levels from Structure Analysis

Structure analysis was run on each of the 10 spin-averaged 
'image' files consisting of from 1 to 10 spins per channel. Figures 
4a and 4b are examples of the results for 5 spins per channel for each 
of the 12 VAS channels. Similar figures were generated for 1 to 10 
spins, but only the 5-spin-per-channel case is shown. Values of 
signal level and noise level, referred to below, are in units of 
temperature (kelvin). 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 (the middle 
third of each full-width scan line), indicating the natural 
variability of the weather seen in the VAS channels. Two estimates of 
the noise level are given. The longer of the two shorter vertical 
bars is the noise level from the structure at 1-FOV separation. This 
non-zero distance value may contain spatial gradient information and 
therefore overestimate the actual noise level. The shortest vertical 
bar is the noise level from the estimated 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 other situations (when no spatial gradient exists) the extrapolated 
structure in nearly identical to the structure at 1-FOV separation (as 
in Figure 3a).

The numbers on top of the vertical signal bars in Figure 4 are 
the signal-to-noise ratios for each VAS channel. Being ratios, these 
numbers are dimensionless. As can be seen from Figure 4, some VAS 
channels have much more signal, and therefore greater signal-to-noise 
than other channels. Low signal channels are the upper-level VAS 
channels (1-3), unlike large signal channels which are typically the 
lower-level VAS channels (7, 8, and 12).

The difference between Figures 4a and 4b is the orientation of 
the structure computations. In Figure 4a the preferred line-to-line 
orientation is used, and in Figure 4b the structure was computed in 
the along-line orientation. Note that the along-line noise levels are 
lower due to spatial correlation between adjacent measurements on the 
same scan line. These along-line statistics consistently 
underestimate the true random noise levels and are not used in this 
analysis. These results are mentioned merely to emphasize that 
spatial correlation between measurements can present a pitfall for 
estimation of noise levels by structure analysis.
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□ Standard Deviation (Signal) 
HID Maximum RMS Noise Level
H Minimum RMS Noise Level
numbers = S1gnal-to-No 1 so Ratio

15.0

13.7

10.0

10.4

9 10 11
VAS Channel

Figure 4a: Example of noise level analysis for 5 spins per channel
for each of the 12 VAS channels. For each VAS channel the 
longest vertical bar is signal, the two shorter vertical bars 
(see legend) are maximum and minimum noise level estimates. 
Numbers on top of the vertical signal bars are dimensionless 
signal-to-noise ratios. Statistics are computed in the preferred 
line-to-line orientation to avoid along-line correlations due to 
sensor response.
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□ Standard Deviation (Signal) 
Q1D Maximum RMS Noise Level
H Minimum RMS Noise Level
numbers = S1gnal-to-No 1se Ratio

15.0

74.834.6
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4.3
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ih__ mi__ ik__ h

9 10 11
VAS Channel

Figure 4b s Same as Figure 4a but using statistics computed in the 
along-line orientation. Measurements in this orientation are 
correlated due to sensor response, and noise levels are reduced 
due to smearing of spatial gradient information compared to 
measurements in the line-to-line orientation.
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3.2 Noise Level as a Function of the Number of Spins
To determine the effect of the number of spins on noise level, 

the spin-averaged measurements for 1 to 10 spins were analyzed for 
each channel. Figures 5a through 51 show the results for each of the 
12 VAS channels. The top solid line is the signal level (S), and the 
bottom two solid lines are maximum (X) and minimum (N) estimates of 
the random noise, described above. These lines correspond to numbers 
on the vertical axis. The numbers above the signal line in Figure 5 
are the signal-to-noise ratios for each VAS channel. There are three 
types of channels according to this analysis. The first two types of 
channels show a strong decrease in noise level with increasing number 
of spins. The difference between those first two types of channels is 
their signal-to-noise ratio. The first group of VAS channels (1-3) 
have low signal-to-noise ratios, and the second group of VAS channels 
(4, 6, 9-11) have higher signal-to-noise ratios. For both types of 
channels the noise decreases asymptotically with increasing number of 
spins. Sampling theory says that the standard error (cr ) for multiple 
samples (or in our case spins) should decrease by the square root of 
the number of samples (n) from the noise for one spin (o- ), or

1/2
cr = cr /n (2) 
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 unlabeled solid line on each graph, showing the theoretical 
decrease in noise level with increasing number of spins. In nearly 
all channels the decrease in structure-estimated noise with increasing 
numbers of spins follows the shape of the theoretical curve.

For channels with steadily decreasing noise it is hard to decide 
how many spins should be taken to optimize performance. One option is 
to use external criteria, such as absolute noise level requirements 
for a particular application. The third group of VAS channels (5, 7, 
8, and 12) show a decrease in noise for the first few spins (except 
VAS channel 8 with no decrease) and then little or no decrease in 
noise with additional spins. For these VAS channels additional spins 
are of no benefit. VAS channel 8 is interesting because its noise 
level is so low that it approaches the digitization level for one 
measured count value of data. This means that even though the true 
noise threshold for this channel may be lower than one count value, it 
is limited by the digitization level of the measurements. Channel 8 
appears to be the only VAS channel so affected. Some additional 
comments on digitization effects are included in Section 5.
3.3 Implications of Noise Analysis

Noise level results such as those shown above can be used to 
determine future spin budgets for VAS. Table 2 compares the spin 
budget presently used, column 2, to two estimates of the number of 
spins required based on noise analysis presented above. Column 3 
presents the spin budget when the noise levels do not decrease 
significantly for additional spins. This would be a minimum number of 
spins to reach a significantly lower noise level, a very qualitative 
determination. The numbers in columns 2 and 3 either agree or their 
ranges overlap, the exception being VAS channel 12 where only one spin 
is taken and two or more spins are needed. The last column in Table 2

11
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10.0

Number of Spins

Figure 5as Structure-estimated noise level as a function of the 
number of spins for VAS channel 1. Labeling of lines (S, X, and 
N) is explained in the text and in the legend on top. The 
unlabeled solid line is the theoretical decrease in noise level 
with increasing number of spins (samples). All solid lines 
correspond to the numbers on the vertical axis. The numbers 
above the signal line are the signal-to-noise ratios for each VAS 
channel. Measurements from adjacent FOVs are statistically 
compared in the line-to-line orientation.
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S = Standard Deviation (Signal)
X = Maximum RMS Noise Level
N = Minimum RMS Noise Level
solid = Theoretical Decrease
numbers = Signal-to~Noise Ratios

Number of Spins

Figure 5c: Same as Figure 5a, but for VAS channel 3.
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Figure 5d: Same as Figure 5a, but for VAS channel 4.
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is the number of spins required for the noise to reach a stable level 
with little or no decrease for additional spins. At this point the 
noise has reached a value at which additional spins have very little 
effect in reducing noise. This number of spins would be excessive for 
some channels, robbing time that may be needed for areal coverage • 
However, the numbers in this last column may be useful for determining 
the number of spins for producing the highest quality single-FOV 
retrieved soundings. For most channels the present spin budget would 
have to be increased to meet this requirement for single-FOV 
soundings.

Table 2
Spin Budget Analysis 

Date: 1990-December-06

VAS
Channel

Present
Spin

Budqets
MostSignificant

Decrease
Little
or No

Decrease
1
2
3
4
5
6
7
8
9

10
11
12

1-2
1-3
1-3
2
1-2
1-4
1-3
1
2-4
1-2
1-3
1

2
2-3
2-4
2-3
2
2
2-3
1
2-3
2
2
2-3

5-8
6-7
5-7
6+
6
6+
4
1
6-7
7+
6+
3

In order to benefit from the most significant decrease in noise 
as shown in column 3 of Table 2, nearly all VAS channels should have 
at least 2 spins. VAS channel 8 is the only exception, where 
additional spins are of no benefit. One recommendation would be to 
increase the present spin budget from 1 to 2 spins for VAS channel 12. 
On the other hand, the noise levels for all but VAS channels 8 and 12 
continue to decrease with additional (3 or 4) spins. If additional 
spins were desired, one area to compensate would be VAS channels (1-3) 
which measure in the stratosphere and upper troposphere, where 
gradients are generally weak or nonexistent on smaller scales. For 
these VAS channels one spin is enough to measure larger scale 
features. Spatial averaging can be used to compensate for high noise 
levels due to small numbers of spins. Recommendations therefore 
include zero or very low spin budgets for these VAS channels • For 
example VAS channel 1 could be eliminated (0 spins) and VAS channel 2 
and possibly channel 3 could be collected with only 1 spin. All other 
VAS channels, except 8, should be collected with a minimum of 2 spins 
(the minimum numbers in column 3 of Table 2).
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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 measurements at a single FOV. This method is not 
possible with operational data, because the individual measurements 
(samples) for each spin are not normally saved. However for this 
special data set, individual measurements were saved in single-sample 
files and were statistically analyzed to determine the variability of 
the measurements in each of the VAS channels.

Because 10 spins (samples) were taken, it was possible to compute 
the standard deviation of the 10 samples. Statistics for all FOVs 
were combined by first subtracting the average value at each FOV. 
This was done to eliminate any spatial variability due to horizontal 
gradients across the analysis area. The resulting statistic is calle 
the repeat-view variability since it is a measure of the variability 
of the single-sample (1-spin) measurements at any FOV. Also, by 
adding together groups of 2 spins at a time, it is possible to compute 
the variability of 5 independent samples of 2-spin averaged 
measurements. Likewise if 5 spins at a time are averaged together, it 
is possible to compute the variability of 2 independent samples of 
5-spin averaged measurements. However, it is not possible to form 2 
independent samples of more than 5 spins out of only 10 available 
spins. Two samples of 6 spins would have one spin in common, and are not statistically independent. The extreme but more clear situation 
would be the complete overlap in trying to form 2 samples of 10 spins at a time. Results from this analysis for 1, 2, and 5 spins are shown 
in Table 3 and are compared below to the equivalent 
structure-estimated noise levels.

Table 3
Repeat-view Noise Levels 
Date: 199 0-December-06

VASChannel
1-spin

Variability
(K)

2-spin
Variability

(K)
5-spin

Variability
(K)

1
2
3
4
5
6
7
8
9

10
11
12

4.55
2.35
2.64
1.67
1.46
3.31
1.08
0.16
4.13
1.98
5.90
0.89

3.01
1.58
1.78
1.10
0.98
2.19
0.73
0.11
2.78
1.31
3.93
0.59

1.48
0.77
0.91
0.58
0.51
1.12
0.38
0.053
1.36
0.66
1.97
0.27
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As expected, there* is a decrease in noise level with increasing 
numbers of spins (samples), as was the case for the structure 
analysis. The repeat-view noise levels are plotted in Figures 6a 
through 61 for VAS channels 1 through 12. The line labeled 'R' in 
each graph is the repeat-view noise computed at 1, 2, and 5 spins per 
channel. For comparison purposes the theoretical decrease in noise 
with increasing numbers of spins is plotted as a solid line on each 
graph, as in Figure 5. The theoretical curves start with the value 
for 1 spin and use Equation 2 to compute the values for 2 and 5 spins. 
For all VAS channels the measured and theoretical curves are similar, 
showing that the noise does decrease as expected. However, in all 
cases the measured decrease in noise level is greater than the 
theoretical decrease at 2 and 5 spins. This is just opposite of what 
was true for the structure-estimated results, where the measured 
decrease in noise was less than predicted by theory.

5.0 SPACE-VIEW VARIABILITY
During the special VAS data collection period, NESDIS/CIMSS 

computed the variability of space-view (well off the edge of the 
Earth) measurements (Menzel and Schmit, 1990). Table 4 lists the 
space-view results. For each VAS channel the number of spins is given 
in column 2. For all VAS channels, the space-view variability was 
measured as the standard deviation of about 2000 10-spin averaged 
measurements. Because 10 spins were collected, the average variability in columns 4 and 5 of Table 4 is the single—sample noise 
reduced by 10 spins. These numbers were then converted into the 
single-sample noise levels in columns 6 and 7 using the inverse of 
Equation 2 • This is the single-sample noise assuming that noise 
increases as the square root of the number of samples. Columns 4 and 
5 are measured values, whereas columns 6 and 7 are derived values. 
Note also that the noise levels are given both in radiance units (mW/[m2 sr cm"*]) and in temperature units (kelvin) . The conversion 
from radiance (L) variability to temperature (T) variability uses the 
formula

DT = DL/(dB[j,T]/dT), (3)
where dB/dT is the derivative of the Planck function (B) at the given 
wavelength (or channel,j) and the average radiance (or temperature,~T~) at that wavelength. The average radiances used in Equation 3 are 
listed in column 3 of Table 4. Care was taken to use appropriate 
av©rage radiances to make the radiance to temperature conversion since 
the derivative of the Planck function is highly temperature dependent. 
The average radiances used are the mean values measured in each VAS 
channel for this special data set. The resulting space—view noise 
levels in temperature units are compared below to both the 
structure-estimated noise levels and the repeat-view variabilities.
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Figure 6a s 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, 2, and 5 spins. The unlabeled solid line is the
theoretical decrease in noise level with increasing number of 
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Figure 6b: Same as Figure 6a, but for VAS channel 2.
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Figure 6c: Same as Figure 6a, but for VAS channel 3.
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Figure 6d: Same as Figure 6a, but for VAS channel 4.
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Figure 6e: Same as Figure 6a, but for VAS channel 5.
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Figure 6f: Same as Figure 6af but for VAS channel 6.
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Figure 6h: Same as Figure 6 a, but for VAS channel 8.

*

34



No
is

e 
Le

ve
l (

K1
R = Repeat-View RMS Noise Level

solid = Theoretical Noise Decrease

Number of Spins

Figure 6i: Same as Figure 6a, but for VAS channel 9.
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Figure 6j: Same as Figure 6af but for VAS channel 10.
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Figure 61: Sanie as Figure 6a, but for VAS channel 12.
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Table 4
Space-view Noise Levels 
Date: 19 9 0-December-18

VASChannel
Number
of Spins

Average*Radiance
(mW/..)

10-spin
Variability
(mW/..) (K)

1-spin
Variability
(mW/..) (K)

1
2
3
4
5
6
7
8(1-spin) 
8(10-spin) 
9

10
11
12

10
10
10
10
10
10
10
1

10
10
10
10
10

52.
49.
48.
53.
68.
0.22

75.
62.
62.
10.
4.4
0.19
0.30

1.70
0.81
0.72
0.51
0.51
0.0096
0.42
0.044
0.075
0.40
0.092
0.012
0.0026

1.72
0.84
0.75
0.50
0.43
0.78
0.33
0.038
0.064
1.20
0.54
1.01
0.18

5.38
2.56
2.28
1.61
1.61
0.030
1.33
0.14
0.24
1.26
0.29
0.038
0.0082

5.43
2.66
2.37
1.58
1.35
2.43
1.04
0.12
0.21
3.79
1.71
3.49
0.55

* radiance units are (mW/[m2 sr cm“1])

In the special case of VAS channel 8, two space-view noise level 
measurements are available, one for the normal VAS data stream 
(10-spin) and the other for a single spin from another part of the 
data stream (between scan mirror steps [Menzel, 1980]), when the scan 
mirror is stepping. Both situations are listed in Table 4. In the 
1-spin case the noise level for 1 spin was measured, and the noise 
level for 10 spins was computed using Equation 2. In the 10-spin case 
the noise level for 10 spins was measured, and the noise level for 1 
spin was computed using the inverse of Equation 2. The measured and 
computed results differ, with the 10-spin measured noise levels 
greater than the 10-spin computed noise levels by about a factor of 
two. Both results are given, showing that noise levels do not 
decrease exactly as expected by theory because non-random noise 
interferes (Menzel, 1980). For totally random noise the 1-spin and 
10-spin noise levels should follow the relationship in Equation 2. In 
addition, the noise level in VAS channel 8 approaches the digitization 
level of the satellite signal for this channel. If the true noise 
level were below the digitization level, that would limit the accuracy 
of the measured radiances. For VAS channel 8 the digitization level for 1 measured count value is 0.24 mW/(m2 sr cm"1), which means that 
the noise level cannot be determined within plus or minus one half (0.12 mW/[m2 sr cm-1]) of the digitization level. This is close to 
the noise level measured at 1 spin (0.14 mW/[m2 sr cm“1 ]) in column 6 
of Table 4. This may indicate that the measurements in VAS channel 8 
are digitization limited.

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-view 'calibration' data. Table 5 is a
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comparison of noise levels from these three analysis methods. Column 
2 gives the structure-estimated noise levels, column 3 gives the 
repeat-view variability (from column 2 of Table 3)f and column 4 gives 
the single-sample space-view variability (from column 7 of Table 4). 
In addition, the last column in Table 5 gives the pre-launch design 
specifications 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.

Table 5
Single-sample (1-spin) Noise Level Comparison

VASChannel
StructureEstimate

(K)
Repeat-view*
Variability

(K)
Space-view** Single-sample
Variability Design Specs

(K) (K)
1 4.50 4.55 5.43 5.3
2 2.44 2.35 2.66 2.2
3 2.61 2.64 2.37 1.8
4 1.63 1.67 1.58 1.2
5 1.54 1.46 1.35 1.0
6
7
8(1- 3pin) 
8(10 -spin) 
9

3.60
1.04
0.37
0.37
4.08

3.31
1.08
0.16
0.16
4.13

2.43
1.04
0.12
0.21
3.79

1.6
1.0
0.1
0.1
3.4

10 2.15 1.98 1.71 1.6
11 5.07 5.90 3.49 6.7
12 1.37 0.89 0.55 0.8

* from Table 3, column 2
** from Table 4, column 7

Figure 7 is a bar graph of the same numbers as in Table 5. 
Vertical bars with different shading are used to compare the three 
noise level determinations to the pre-launch design specifications for 
each of the 12 VAS channels. The structure-estimated noise levels are 
unshaded. Repeat-view noise levels are shaded with vertical lines. 
Space-view noise levels are shaded with horizontal lines. The design 
specifications are shaded black.

Table 5 shows that the structure-estimated noise levels compare 
well with the repeat-view variability, with most differences at about 
the 10% level. Only for VAS channel 8 is the differences greater than 
a factor of two, and for VAS channel 12 the difference is about 50% of 
the larger value. In these larger difference cases the 
structure-estimated noise levels are greater than the repeat-view 
variabilities, due to either the inability to remove all of the 
spatial gradient information from the structure analysis, or due to 
additional components other than random noise in the data. One of 
these additional non-random noise components may be due to differences 
between the two (one upper and one lower) sensors used to 
simultaneously take measurements on two different scan lines. 
Secondly, there may be variability between the measurements on 
different scan lines due to changes in the calibration applied to each
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Figure 7: Comparison of single-sample (1-spin) noise levels from the
three different analysis methods to the pre-launch design 
specifications for each of the 12 VAS channels. The numbers are 
the same as in Table 5. For each VAS channel vertical bars with 
different shading are used for each analysis method.
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scan line of data. Third, there may be non-negligible line start 
timing errors which cause mis-alignments between the individual 
measurements from different spins (Menzel, 1980). Again, this is a 
non-random error component affecting the Earth-view measurements, not 
the space-view data. In any of these situations this additional 
inter-line variability will look like noise, this causes the 
structure-estimated noise to be larger than the random noise for a 
given sensor. Also, 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. 
Only by employing higher spatial resolution measurements would the 
structure-estimated noise levels be more reliable.

Next, the structure-estimated and repeat-view noise levels are 
compared with space-view noise levels in column 4 of Table 5 (same as 
column 7 of Table 4). The noise levels of most VAS channels as 
estimated by structure analysis and by repeat-view variability compare 
well with the space-view variability. For most channels the noise 
levels differ by less than about 20%, except for VAS channels 6, 8, 
11, and 12. For VAS channels 11 and 12 the larger differences may be 
due to contamination caused by reflected solar radiation (Earth-view) 
in these shorter wavelength measurements. The reflected solar 
component would not contaminate the space-view measurements. This may 
cause the additional variability not found in the space-view 
measurements. For VAS channel 6 the larger difference in noise levels 
may be due, in addition to solar contamination, to bad data which are 
undetected by the space-view measurements. Possible reasons for the 
larger difference include inter-line variability problems as mentioned 
above. This inter-line variability can be seen in imagery produced 
from VAS channel 6. The fact that both the structure-estimate and the 
repeat-view variability numbers are similar for VAS channel 6 confirms 
that the problem is not one of spatial gradients not being totally 
eliminated from the structure analysis noise level estimates. For VAS 
channel 8 the smaller noise level difference is for the case of noise 
measured at 1 spin, and the larger difference is for the case where 
the noise was measured at 10 spins and converted to a theoretical 
1-spin noise value for comparison.

Finally, the comparison to the single-sample design specification 
produces some interesting comparisons. For VAS channels 3, 4, 5, and 
6 the three other noise level estimates are all at least 30% greater 
than the design specifications. On the other hand, for VAS channels 
11 and 12 the space-view variabilities are smaller than the design 
specifications. This is good, but the noise levels for the first two 
methods are closer to the design specifications. It may be that the 
space-view variability does not accurately reflect the true noise 
level of Earth-view data when reflected solar radiation is present.
6.1 Comparisons With Multiple Spins

Tables 6, 7, and 8 give comparisons similar to those in Table 5 
between the noise levels determined by the three analysis methods, but 
without the inclusion of the design specifications. Table 6 is for 2 
spins, Table 7 for 5 spins, and Table 8 for 10 spins. In each 
comparison column 2 is the structure-estimated noise level, column 3 
is the repeat-view variability (when available), and the last column 
is the space-view variability. As explained above, the repeat-view 
variability is not available for more than 5 spins (Table 8).
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Table 6
2-spin Noise Level Comparison

VAS Structure 
lannel Estimate

(K)
Repeat-view* 
Variability

(K)
Space-view
Variability

(K)
1 2.99 3.01 3.84
2 1.67 1.58 1.88
3 1.88 1.78 1.67
4 1.31 1.10 1.12
5 1.06 0.98 0.96
6 2.68 2.19 1.70
7 0.74 0.73 0.73
8(l-spin) 0.35
8(10-spin) 0.35
9 3.08

10 1.45

0.11
0.11
2.78
1.31

0.085
0.15
2.68
1.24

11 4.06 3.93 2.48
12 1.15 0.59 0.39
from Table 3, column 3

Table 7
5-spin Noise Level Comparison

VAS 
Channel 

Structure 
Estimate

(K)
Repeat-view* 
Variability

(K)
Space-view
Variability

(K)
1 2.09 1.48 2.42
2 1.07 0.77 1.20
3 1.21 0.91 1.06
4 0.93 0.58 0.71
5 0.81 0.51 0.61
6 1.82 1.12 1.13
7 0.53 0.38 0.46
8(1-spin) 0.35
8(10-spin) 0.35
9 1.95

0.053
0.053
1.36

0.054
0.095
1.72

10 1.01 0.66 0.77
11 2.84 1.97 1.56
12 0.94 0.27 0.25

* from Table 3, column 4
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Table 8
10-spin Noise Level Comparison

VAS Structure
tannel Estimate

(K)
Space-view*
Variability

(K)
1 1.58 1.72
2 0.88 0.84
3 0.99 0.75
4 0.66 0.50
5 0.68 0.43
6 1.35 0.78
7 0.41
8(1-spin) 0.35
8(10-spin) 0.35
9 1.53

0.33
0.038
0.064
1.20

10 0.66 0.54
11 2.06 1.01
12 0.92 0.18

* from Table 4, column 5

In the 2-spin and 5-spin cases the structure-estimated noise 
levels are over twice as large as the repeat-view variability for VAS 
channels 8 and 12. The structure-estimated noise levels for these 
window and near-window channels cure exaggerated because they do not 
have all of the the spatial gradient information removed. Also in the 
2-spin comparison, the repeat-view variabilities are much greater than 
the space-view variabilities for VAS channels 6, 11, and 12. This 
discrepancy is in agreement with the single-sample comparisons in 
Table 5, showing that something is exaggerating the noise levels of 
Earth-view measurements which is not detected by the space-view 
measurements. For 5-spins the repeat-view and space-view 
variabilities are much closer than for 1 or 2 spins. Finally in the 
10-spin comparison the structure-estimated noise levels for VAS 
channels 6, 8, 11, and 12 are over twice as large as the space-view 
variabilities. For VAS channels 8 and 12 the differences are 
especially large. In both of these channels the structure-estimated 
noise levels did not decrease as fast as theoretically expected with 
increasing number of spins. That was noticed by comparing the 
structure-estimated noise levels as a function of number of spins to 
the expected theoretical decrease with increasing number of samples 
(in Section 3.2). The noise levels for both VAS channels 8 and 12 did 
not decrease as rapidly as the theoretical curves in Figure 5. 
However, the theoretical decrease in noise is only true for totally 
random noise, not if other non-random factors influence the measured 
noise. For larger number of spins (Tables 7 and 8) the differences 
between the noise levels are more pronounced. For these VAS channels 
the repeat-view variabilities are better indications of the noise 
levels than the structure estimates. Also, the space-view 
variabilities were measured at 10 spins (and computed for smaller 
numbers of spins, except for VAS channel 8) making them more reliable 
in this comparison.

44



7.0 EFFECT OF NOISE ON TEMPERATURE AND DEW POINT RETRIEVALS
The effect of spin budget on retrieved temperature and dew point 

temperatures is shown in Figures 8a through 8d. Shown on each plot 
are three VAS retrievals. One retrieval (the center temperature and 
dew point temperature traces) is produced from a set of 
climatological-mean radiances. The absolute values are not of great 
importance, rather how the profiles change with added noise. The 
other two retrievals are produced from the same VAS channel 
measurements either increased or decreased by one standard deviation 
in noise. Whether the radiance in a particular VAS channel was 
increased or decreased by noise was determined by a random number 
generator. The sign of the change due to noise was determined 
randomly to avoid over-estimation or under-estimation of the effect of 
noise on retrieved soundings. The range in retrieved temperatures and 
dew point temperatures can easily be exaggerated if the signs of the 
noise levels are correlated for similar channels. Results for only 
one random number sequence are shown. Other random number scenarios 
are also possible. The important effect to notice, however, is how 
increasing the number of spins decreases the range of possible 
retrievals. Figure 8a shows the variation in retrievals for the case 
of only 1 spin per channel (the largest noise levels). Figure 8b 
shows the range in retrievals for 2 spins, Figure 8c shows the range 
in retrievals for 5 spins, and Figure 8d shows the results for 10 
spins•

The decrease in variability of the retrievals by increasing from 
1 to 2 spins is significant, showing how slight changes in spin budget 
can dramatically affect the resulting retrieval variability. The 
change per spin from 2 to 5 spins or from 5 to 10 spins is not as 
great as the change from 1 to 2 spins, indicating that collecting a 
limited number of spins is more important than collecting numerous 
spins for the same channels. This agrees with the most rapid 
decreases in noise levels at small number of spins, as was seen in 
Figure 5. However, it is best to use Table 2 as a guide to determine 
the optimal number of spins for each VAS channel, rather than this 
composite indication.

8.0 OPTIONAL SPATIAL AVERAGING
The noise levels given above are single-FOV values. By spatial 

averaging of several FOVs, noise levels can be further reduced to the 
requirements for producing thermodynamic soundings. However, 
arbitrary spatial averaging can destroy mesoscale gradient information 
in the VAS measurements. To avoid this, there is a way to reduce 
noise without destroying gradient information, by grouping (averaging) 
together only those measurements which are similar to within 
instrumental noise levels. For examples of this technique applied to 
VAS data, see Hillger and Purdom (1990) and Hillger, et al (1990).

9.0 SUMMARY AND CONCLUSIONS
Special VAS data were collected during December 1989 to determine 

the noise levels of VAS channels as a function of the number of spins 
(samples) per channel. Three noise level analysis methods were 
employed. Structure function analysis of adjacent FOVs was used to 
statistically determine the noise levels of the VAS channels. Results
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Figure 8a: Examples of the effect of noise levels on the range of
retrieved temperatures and dew point temperatures. Three lines 
are soundings retrieved from a set of climatological-mean VAS 
radiances and the mean values in all VAS channels either 
increased or decreased randomly by one standard deviation in 
noise for one spin per channel.
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Figure 8b: Same as Figure 8a, but for 2 spins per channel.
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Figure 8c: Same as Figure 8a, but for 5 spins per channel.
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Figure 8d: Same as Figure 8a, but for 10 spins per channel.
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show that the noise levels typically decrease with increasing number 
of spins. The number of spins that are needed to reduce the noise 
level to some desired threshold is strongly dependent on the 
particular channel. Comparisons to present spin budgets show that 
noise can be decreased by employing additional spins. Recommendations 
include increasing the spin budget from 1 to 2 spins for VAS channel 
12, and decreasing or eliminating the number of spins for VAS channels 
1, 2, and 3. The signal-to-noise ratio for these upper-level VAS 
channels can be increased by spatial averaging, rather than multiple 
sampling. Therefore, a minimum spin budget for VAS channels 1 through 
12, respectively, would be: 0,1,1,2,2,2,2,1,2,2,2,2. These numbers 
are especially applicable for image products. However for more 
accuracy in retrievals, many more spins may be desirable.

Comparisons to a statistical analysis of multiple measurements at 
the same FOVs confirmed the structure-estimated results in many of the 
non-window channels. However structure analysis often overestimates 
noise levels in the window channels. Unfortunately multiple 
measurements at each FOV are not saved in operational VAS data sets. 
So, only in this study are these comparisons to multiple sample noise 
levels possible. Finally, comparisons to space-view measurements 
showed differences for the VAS window channels (8 and 12) possibly due 
to reflected solar radiation affecting the Earth-view measurements, 
and significant differences for VAS channel 6. These discrepancies 
may indicate that space-view measurements cannot be used alone to 
predict the noise level for Earth-view measurements.

Of the three methods used to determine noise levels, each has its 
advantages and disadvantages. Noise levels computed using structure 
analysis can be exaggerated for channels with spatial variability 
below the resolution of the satellite instrument. To determine noise 
levels using structure analysis requires elimination of the gradient 
in the analysis field. On the other hand, structure analysis can be 
applied to any such satellite data set, without the need for special 
space-view measurements. Repeat-view statistics appear to be the 
least error prone noise level indicators. However, the individual 
spins (samples) are not available operationally. Space-view 
measurements are adequate for most purposes, but occasional 
comparisons to other methods would be wise. A recommendation would be 
to analyze a sample of space-view measurements using all three methods 
to further define any differences between the methods. The 
determination of noise levels has many implications in conjunction with the spatial variability to be measured at various wavelengths. 
One important application of such information could be to determine 
sensor spatial resolution for future satellites.

Simulated temperature and dew point temperature retrievals with 
noise added to the VAS measurements show the dramatic effect of noise 
levels on retrieval variability. Decreases in retrieval variability 
can be obtained by small increases in the spin budget.

Future research may include another special data collection 
period to further test the effect of spin budget on noise levels. 
Data should be collected for another season other than winter. Also, 
differences between daytime and nighttime noise levels can be used to 
tell the extent of solar contamination. Such information might also 
be useful in better defining instrument design specifications. 
Another goal of such a study would be to better define the signal 
level of the VAS channels. Some VAS channels may appear to have large
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signal-to-noise ratios in large temperature gradient situations, while 
weak, although significant, temperature gradients may not be easily 
detected. Another goal would be to statistically analyze some 
space-view measurements, or some measurements over the ocean, using 
the same two techniques used for the Earth-view data. It is also 
possible to separately determine the noise levels of the upper and 
lower sensors for each channel by analyzing the measurements from each 
detector independently, which was not done in this study.

This study of noise levels 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 first data collected from GOES-Next.
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