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Abstract 
The U.S. Department of Energy’s (DOE) Atmospheric Radiation Measurement (ARM) 
program Southern Great Plain (SGP) Atmospheric Emitted Radiance Interferometer 
(AERI) has been in operation since May 1995. This instrument has collected a vast 
amount of atmospheric-emitted radiance data during its decade- long operation. In early 
2003, the DOE’s Remote Sensing Laboratory operated by Bechtel Nevada (BN) acquired 
a more advanced spectrometer, the BOMEM MR300 Fourier Transform Infrared (FTIR). 
The BN spectrometer and SGP AERI were built by the same company (ABB Bomem) on 
the same concept (Michelson interferometer). The BN spectrometer will be called BN 
AERI for this paper. During the period of 10-13 June 2003, the SGP AERI and the BN 
AERI instruments were installed side-by-side at the ARM SGP site for data comparison. 
Analysis of the data suggests that the sky radiance data collected by both instruments are 
comparable and consistent. The relative differences of both data sets are in the range of 
0.05 with the exception of the water vapor bands (wavenumber 750-1250, 2000-2200, 
and beyond 2380). Over the entire spectral range from wavenumber 666 to 3000, the 
calculated sky radiance data for the SGP AERI tends to be slightly below the comparable 
data from the BN instrument. Further, statistical tests suggest that the differences in the 
sky radiance data are small but systematic. Empirical relationships between the radiance 
data collected by both instruments were established line-by- line using a regression 
technique. 
 

1. Introduction 
The DOE ARM program selected the SGP as the first ARM field measurement site for its 
wide variability of climate and cloud types, surface flux properties, and large seasonal 
variation in temperature and humidity. A prototype AERI, the predecessor of the current 
AERI, has been in operation at the SGP site since March 1993 (Knuteson et al. 1998a, 
Knuteson et al. 1998b, Feltz et al. 1998, Knuteson et al. 1999a, Knuteson et al. 2000, 
Knuteson et al. 2001). Certain errors associated with the field of the view (FOV) of the 
prototype instrument were discovered and subsequently were corrected through a 
software solution (Revercomb et al. 1997, Knuteson et al. 1999b).  The current AERI was 
systematically compared by a University of Wisconsin team with it predecessor at the 
SGP site near Billings, Oklahoma, from 26 April through 26 July 1995 (Knuteson et al. 
1999b). During that early comparison period, the two AERI instruments were set up 
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pointing at the same sky view. It was confirmed that both instruments were generating 
errors of less than 0.5 )/( 12 −cmsrmmW  at the time. 
 
The current SGP AERI replaced the prototype AERI in July 1995.  After more than eight 
years of continuous operation, AERI has collected a large volume of atmospheric-emitted 
radiance data. This collection of data has provided fundamental data sets for numerous 
atmospheric and instrumental research projects, such as meteorological forecasting (Feltz 
et al. 1998, Feltz and Mecikalski 2002), atmospheric profiling research (Feltz, et al., 
2003),  planetary boundary retrieval (Smith, et al., 1999) atmospheric constituency 
retrieval (He et al., 2001), radiative transfer model validation (Philipona et al. 2001, 
Shephard et al. 2003), and instrumental comparisons (Shaw et al. 1995, DeSlover et al. 
2002). After an eight-year time period, it was appropriate to reevaluate AERI’s 
operational performance, especially in comparison with a newer and more advanced 
instrument. 

During the summer of 2003, the BN test and evaluation team of the Remote Sensing 
Laboratory conducted a test of its newly acquired ABB Bomem MR300 FTIR 
spectrometer at the ARM SGP site. This instrument will support future test and 
evaluation missions for DOE. The ABB Bomem MR300 FTIR spectrometer was built on 
the same concept as that of the SGP AERI. In this paper, BN’s instrument will be referred 
to as the BN AERI. Since the BN AERI had been freshly calibrated by the manufacturer, 
this experiment also provided an excellent opportunity to compare the data quality of the 
new BN AERI with that of the SGP AERI after nearly a decade of operation.  

2. Environment, Instrument, and Collection Conditions  
Data collection was conducted at the central Lamont facility at the SGP site from 11-13 
June 2003. The BN AERI instrument was transported to the SGP site where it was set up 
and tested on 9 June. The SGP AERI and the BN AERI were installed side-by-side in the 
optical trailer at the Lamont facility (Figure 1). The actual data collection began on 11 
June and continued through 13 June.  
 
Wheat harvesting season in Oklahoma extends from the end of May through early June. 
The machinery used for harvesting generates a great deal of aerosol, creating an excellent 
opportunity for the collection of aerosol data (Figure 2). In fact when the BN test and 
evaluation team arrived in early June, activities from the SGP’s aerosol Intensive 
Observation Period at the end of May were still in progress. Tornado warnings and 
thunderstorms dominated the weather, and during the collection period the local 
conditions changed continually.  Figure 3 shows the rapidly changing sky conditions on 
12 June 2003. 
 
Both the SGP AERI and the BN AERI instruments have the same engineering design and 
were manufactured by the same company, ABB Bomem, Inc. of Canada. ARM scientists 
Dave Turner and Bob Knuteson of the University of Wisconsin have found AERI 
performance to be quite stable and consistent (Turner et al. 1998, Knuteson et al.1999b).  

A detailed description of the SGP AERI can be found on the ARM SGP instrument web 
site at http://www.arm.gov/instruments (accessed 8/2/2004).  
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One major improvement of the BN AERI over the SGP AERI is its scan speed. The SGP 
AERI runs at a speed of 30 scans per minute, while the BN AERI scans at about 300 
scans per minute. The SGP AERI calculates an average spectrum using roughly 90 
sample spectra, while the BN AERI uses about 1000 sample spectra for an average 
spectrum. According to Griffiths and de Haseth (1986), this difference offers the BN 
AERI a signal-to-noise ratio (SNR) advantage of 3.311901000 == . In other words, the 
BN AERI SNR is 3.3 times better than the SGP AERI. Further discussion on the SNR 
advantages of a rapid-scan interferometer over a slow-scan system can be found in 
Griffiths (1975). 

3. Temporal and Spectral Specifications of the Data 
During data collection, the BN AERI’s clock was set to Universal Time Conversion 
(UTC) time; the associated data file was designated by the BN AERI record time. 
Temporal coverage of the BN AERI data is shown in Table 1. SGP AERI-collected sky 
radiance data for the same time period are archived into six files. These files can be 
downloaded from the ARM SGP data archive site: http://www.archive.arm.gov/cgi-
bin/arm-archive (accessed 8/2/2004). Table 2 shows the temporal coverage of the 
downloaded SGP AERI data sets. 
 
For comparison purposes, both the SGP AERI and the BN AERI data sets were converted 
to decimal Julian day format. For the year 2003, 11 June is the 162nd Julian day of the 
year. Therefore, the data collection runs from the 162nd to the 164th Julian day of the year. 
Notice that the date and time are UTC date and time. Oklahoma is in the Central U.S. 
time zone, which is six hours after UTC time (solar noon). The local daylight time is five 
hours after the UTC time.  
 
The nominal temporal resolution of the SGP AERI data was roughly 8 minutes. 
However, the actual sky pointing time of the instrument during this 8-minute interval was 
only about 3 minutes. The remaining time during the 8-minute interval was used for 
taking blackbody measurements for calibration. Broadly speaking, we can still state that 
the SGP AERI collects sky radiance data every 8 minutes in a continuous fashion. 
 
In order to match the SGP AERI operational style, the BN AERI was programmed to 
collect sky radiance data at a pace of roughly 8 minutes per collection, which is 
equivalent to 300 scan lines per minute. During the collection, the BN crew attempted to 
synchronize its sampling time with that of the SGP AERI. However, due to the 
differences in computer speed, scanning speed, file writing speed, and other factors, 
precise synchronization proved impossible without adopting an appropriate 
synchronizing mechanism between the two systems. This imprecise synchronization 
prompted us to adopt a temporal resampling scheme so that the data from both 
instruments could be compared at the same temporal spots.  
 
In principle, the spectral resolution of the BN AERI is unlimited, since the FTIR 
instruments measure all frequencies simultaneously. Maximum observable spectral range 
and the spectral resolution of calculated radiance data vary depending on the actual 
design details of the instrument, such as detector type, detector size, grating scheme, and 
path difference.  For instance, the maximum observable spectral range for the BN AERI 



 

 4 

is 0 to 7899 wavenumbers at one wavenumber resolution without over-sampling, and is 0 
to 15798 wavenumbers at one wavenumber resolution with over-sampling.  According to 
ABB Bomem, Inc., the MR series of the FTIR spectrometers features an adjustable 
spectral resolution up to one wavenumber at all frequencies from 510 to 14,000 
wavenumbers. This corresponds to a resolution of 38 nanometers (nm) at 19.5 
micrometers (µm) (510 wavenumber) and 0.05 nm at 700 nm (14,000 wavenumber). The 
actual spectral ranges and resolution of the BN AERI radiance data can be independently 
set according to the application. The actual spectral ranges of the radiance data collected 
by the SGP AERI and the BN AERI are listed in Table 3.  
 
The actual data sample collected by both instruments for detector A (Mercury-Cadmium-
Telluride detector) on 12 June are shown in Table 4 and Table 5. The units in the tables 
are miliwatts per square meters per steradian ( srmmW 2 ). Immediately, the following can 
be observed from these two tables: the actual data spectral ranges of both instruments are 
different, the actual temporal ranges do not match exactly, and the spectral sampling 
points and subsequently the band locations do not match exactly. For instance, on the 
spectral axis, at or near the 742 wavenumber, the SGP AERI data set has three readings 
while the BN AERI has only two readings. At or near wavenumber 1041, the BN AERI 
has three readings while the SGP AERI has only two readings. On the temporal axis, we 
see that the temporal sampling points in both data sets do not match. In order to compare 
both data sets on the same basis, they have to be resampled to a standard reference 
temporal-spectral grid. Using a newly developed technique, we were able to resample 
both SGP AERI and BN AERI data to a comparable temporal-spectral grid. 

4. Temporal and Spectral Resampling and Resampled Data 
For comparison purposes, the BN AERI was programmed to collect data in 8-minute 
intervals. However, the BN AERI data were time-stamped to the end of the collection 
interval, while the SGP AERI data were time-stamped to the center of the collection 
interval. For instance, a record in the SGP AERI data time-stamped at 11:10 am was 
collected between 11:06 and 11:14 am. A record in the BN AERI data time-stamped at 
11:10 am was actually collected between 11:02 and 11:10 am.  For this inconsistency, 
both data sets needed to be resampled to a new temporal sampling sequence. During our 
research, a new temporal-spectral sampling algorithm was designed to mimic the 
temporal sampling behavior of both instruments. In order to match, both the SGP AERI 
and the BN AERI data sets, acquired over 11 June – 13 June, were temporally and 
spectrally resampled using this algorithm. The resampled data sets had a precise 
matching grid with a spectral resolution of one wavenumber and a temporal resolution of 
10 minutes (Table 6).  
 
The resampled detector A (or channel 1 for the SGP AERI) data sets for 12 June had the 
following parameters: in the temporal direction, the beginning indexing time was 0010 
UTC, the sampling window size was 10 minutes, the sampling frequency was 10 minutes, 
the data were time-stamped at the time of the end of the sampling window, and the final 
indexing time was 2350:00 UTC. In the spectral direction, the beginning band center was 
666 wavenumber, the spectral window size was 1 wavenumber, the sampling frequency 
was also 1 wavenumber, the data were spectrally labeled to the center of the spectral 
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window, and the final band center was 1799 wavenumber. The detector B (Indium-
Antimonide detector) data were resampled in a similar fashion. 
 
Resampled sky radiance data from the SGP AERI and BN AERI detector A timed at 
2000 UTC 12 June are plotted in Figures 4a and 4b, respectively. These two plots are of 
local, evening, 10-minute-averaged sky spectral radiance. With reference to the sky 
camera pictures taken in the afternoon on 12 June at local time, the two instruments were 
actually looking up at quite a wet atmosphere (Figure 2). Major features could be 
observed from the SGP AERI detector A in the range of the 666 -1800 wavenumbers, 
including the cloud base pressure and the ozone and water vapor (Smith, et al. 1999). 
Comparing Figure 4a with 4b, one concludes that data from both instruments are 
compatible, are roughly in the same range, and preserve important atmospheric features 
(Smith, et al. 1999). Similar conclusions can be drawn for detector B data for both 
instruments (Figure 4c and 4d). Carbon dioxide and nitrous oxide features can be 
identified precisely at the same locations in both sky radiance plots. 
 
As expected, the SGP AERI data are much noisier than the BN AERI data, since the BN 
AERI required roughly 1000 scans to generate one record while the SGP AERI only 
required 90 scans to generate one record. The SNR for the BN AERI is about 3.3 times 
better than that of the SGP AERI. 

5. Simple Statistical Observations  
In order to observe the statistical behavior of the data from the SGP AERI and the BN 
AERI instruments, the daily mean sky radiance spectra, the sky radiance standard 
deviation spectra, and the sky radiance coefficient of variance were computed. The 
coefficient of variance was defined as: 

 
mean

deviation standard varianceoft coefficien =  (1) 

As an example, the daily mean, the standard deviation, and the coefficient of variance of 
the 12 June data are plotted in Figures 5a and 5b. The detector A and B mean plots 
suggest that both AERI instruments generate similar, consistent sky radiance 
measurements with major gaseous features being identifiable. Due to its advantages in 
the SNR, the BN instrument tends to generate a smoother spectrum than does the SGP 
AERI, especially in the wavenumber range from 1300 to 1800.  
 
Although the standard deviations for both instruments were quite significant in the water 
vapor region from wavenumbers 750 to 1250, they were usually limited to 5 srmmW 2  
beyond the water absorption windows. Standard deviations generally decrease as the 
wavenumber increases. From wavenumber 1300 and beyond, the standard deviations are 
limited to within 3 srmmW 2 .  
 
The coefficient of variance is a much more important statistical measure of the relative 
error or the stability of the instruments. Figures 5a and 5b suggest that the coefficients of 
variance are usually smaller than 0.1 in the non-water absorption regions (600-750, 1250-
1950, 2200-2400). Both instruments show similar patterns. Due to the smaller amount of 
energy received at the detector in the large wavenumber range, even small changes in 
radiance data cause large fluctuations in the relative error or the coefficient of variance. 
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In the spectral range beyond the 2500 wavenumber, the sky radiance data are extremely 
small and consideration of relative errors is meaningless. 
  
It should also be noted that in the range of the 2200-2400 wavenumbers, both data sets 
seem to be extremely smooth with very little noise. This is an ideal range for carbon 
dioxide and nitrous oxide detection. Therefore, both the SGP AERI and the BN AERI 
instruments should be able to provide high quality data for carbon dioxide and nitrous 
oxide simulations. The above discussions are also true for the data acquired on 11 June 
and 13 June. 
 
Following are the conclusions obtained through observation and simple statistical 
analysis of the data: 
 
1) Both the SGP AERI and the BN AERI sky radiance data are comparable and 

consistent.  Both data sets preserve the key features for major atmospheric species, 
such as water vapor, ozone, and carbon dioxide. Both data sets have a similar range 
and a similar tendency across the whole wavenumber spectrum. 

 
2) The errors (standard deviations) inherited in both data sets are in a similar range, 

which is roughly within 5 srmmW 2 for the non-water absorption bands with a 
wavenumber less than 1200, and the errors gradually approach zero as the 
wavenumber increases. The SGP AERI data tend to contain more noise than the 
corresponding BN AERI data due to the BN AERI’s advantage of a larger number of 
scans. 

 
3) The relative errors (coefficient of variance) of both data sets are generally in the range 

of 0.10 for the non-water absorption bands (wavenumber 600-750, 1250-1950, 2200-
2400). The carbon dioxide and nitrous oxide range (2200-2400 wavenumbers) have a 
super clean range for both data sets. 

 

6. Sky Radiance Differences and Analysis  
To further reveal the characteristics of the differences between the SGP AERI and the BN 
AERI instruments, the band-by-band difference data were computed every 10 minutes for 
the available datasets. Major questions we wish to answer include: 
 

• How large are the differences between the SGP AERI and the BN AERI 
datasets? 

• Can the differences be ignored? 
• What is the nature of the differences?  
• Is the difference random or systematic (instrumental dependent)? 

 
Again, our discussion will center on the data acquired on 12 June; the conclusions can be 
extended for the data acquired on the other dates. The mean SGP-BN sky radiance 
difference from 12 June and the related statistics are plotted in Figures 5a and 5b. The 
first conclusion one may draw from Figure 5a-1 is that the SGP AERI sky radiance 
values are usually smaller than the correspond ing BN AERI values. The second 
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conclusion is that such a difference goes to zero as the wavenumber increases. 
Investigation of the data from other dates confirmed these conclusions. The difference 
trends to being systematic and perhaps related to the instruments.  
 
The difference standard deviation spectra in Figures 5a and 5b suggest that the large 
uncertainties for the difference between the two instruments are in the water absorption 
range and the low energy range, where the SNR is low. A better way to visualize the 
differences between the two instruments is to plot the difference relative to the energy 
level. Figures 5a-3 and 5a-4 show the relative difference and the absolute relative 
difference spectra for detector A. These two plots exhibit very little difference since the 
BN AERI values were usually larger than the corresponding SGP AERI values. In both 
cases, the BN AERI data were used as reference. For detector A, both relative and 
absolute relative differences are usually in the range of 0.03; for detector B, they are in 
the range of 0.05.  
 
It is known that the SGP AERI and the BN AERI instruments demonstrated some 
differences in their sky radiance measurements. Such differences are relatively small (less 
than 0.03 for detector A and less than 0.05 for detector B). In order to determine the 
significance of these differences, a statistical test was adopted.  The Student-T statistic 
was computed using the difference data for each channel on each day. A hypothesis, 

0diff:H ≡ for a given spectral channel on a given day, was tested aga inst the Student-T 
statistic. 
 
The Student –T statistics were computed using the formula: 

 
deviation  standard  difference

mean  difference
=T . (2) 

 
Under normal and zero mean assumptions, the T has a Student-T distribution with 
degrees of freedom n, where n is the number of paired observations from the SGP AERI 
and BN AERI collected during the day. For 12 June 133=n . 
 
The calculated T-values as well as the associated probabilities are plotted against 
wavenumbers in Figures 5a-5 and 5a-6. The interpretation rules are: 
 

(1) If the T-value is very close to zero, then the associated probability will be very 
close to 1, which suggests that the mean difference is highly likely to be zero. The 
null hypothesis can be accepted. 

(2) If a T-value is too far from zero, the associated probability will be very close to 
zero, which suggests that it is highly unlikely that the true mean of the difference 
data is zero. The null hypothesis should be rejected.  

 
By observing the T-value probability plots in Figures 6a and 6b, it can be observed that 
the T-value probability is rather small for most spectral channels. As a matter of fact, 
very few channels have a probability greater than 0.8. This suggests that, in general, our 
hypothesis  0diff:H ≡  can be rejected. Therefore, the Student-T tests confirmed that a 
difference exists between the sky radiance data of the two instruments and is not equal to 
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zero, regardless of how small it is. Besides, the T-test rejects the hypothesis that 
differences between the BN and the SGP sky radiance are random noise (white noise). As 
a matter of fact, those differences are systematic. The above discussions apply to detector 
B data as well. 
 
The results obtained through the difference analysis and statistical tests are summarized 
as follows: 
 
1) Over the spectral range from the 666th to the 3000th wavenumber, the SGP AERI 
tends to generate smaller sky radiance data than the BN AERI instrument. The trend of 
such differences ranges from less than 5 srmmW 2  at the 666th wavenumber to close to 
zero at the 3000th wavenumber. Large swings in the difference spectra occur primarily in 
the water vapor bands between the 750-1250 numbers and between the 1950-2150 
wavenumbers. The difference between the 2400-3000 wavenumbers can be ignored to a 
certain degree. 
 
2) The differences between the SGP AERI and BN AERI sky radiance data tend to 
decrease and approach zero as the wavenumber increases from 600 to 3000. In the range 
of the 2400-3000 wavenumbers, the difference is practically zero, though it could not be 
statistically confirmed. 
 
3) The relative differences between the two data sources are usually in the range of 0.03 
for detector A data and 0.05 for detector B data. Exceptions occur mostly in the water 
absorption bands. 
 
4) The statistical T-tests suggest that the differences between the SGP AERI and the BN 
AERI measurements are systematic and not equal to zero. 

7. Determining Relationship Between the Instruments 
The previous section showed that the radiance data generated by the SGP AERI and the 
BN AERI did match precisely. A question follows: “Is it possible to establish a simple 
linear calibration relationship between the two instruments?” Thus, if it is needed, one 
can compute the SGP AERI based radiance using the BN AERI data, or vice versa. In 
order to answer this question, the following regression analysis was performed.   
 
Assuming that a band-by-band linear relationship exists between the SGP AERI and the 
BN AERI sky radiance data, a regression analysis was performed for all data collected 
between 11 June and 13 June using the regression equation: 
 
 kk

ARM
kk

RSL
k oRgR ε++=  (3) 

where: 
k  = the wavenumber,  

RSL
kR  = the sky radiance for the k’th wavenumber derived by the BN AERI,  
ARM
kR  = the sky radiance for the k’th wavenumber derived by the SGP AERI, 

kg  = the gain for the k’th wavenumber, 

ko  = the offset for the k’th wavenumber, and 
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kε  = the error term for the k’th wavenumber. 
 
During the analysis, it was found that the results (gains and offsets) obtained for different 
days varied significantly. Perhaps this indicates that the relationship between the SGP 
AERI and the BN AERI data was more complicated than a simple linear relationship 
could describe. These daily variations could be related to the temperature setting of the 
blackbodies on different days, atmospheric fluctuations (physical and chemical) during 
the sampling 10-minute intervals, the internal quantization algorithms of the instruments, 
or even the micro-fluctuations in the power supply. In this report, we will focus our 
discussions on the statistical results, instead of speculating on possible sources for the 
unfavorable results. 
 
As an example, the regression offsets and gains for the 12 June data are plotted against 
the wavenumbers in Figures 7 and 8. Although these figures do look messy, certain 
patterns can still be observed. The whole regression spectrum from the 666-3000 
wavenumbers can be roughly subdivided into four spectral ranges. The regression in 
those ranges share some common characteristics across the different days. These ranges 
along with their characteristics are discussed here. 
 
Range 1: (666 ~1380 wavenumbers) roughly corresponds to the long wavelength range.  
Most emissive atmospheric features, such as carbon dioxide, ozone, and water vapor, 
exist in the range. The radiance measurements are extremely bumpy from one 
wavenumber to the next (Figure 4a). However, the regression-estimated gain does show a 
pattern trend, especially in the data sets collected on 12 and 13 June. The majority of the 
gains are roughly in the range of 1.0 to 1.1. The corresponding offset estimates do vary 
across the range and show a random pattern. Recall that in earlier difference analysis, the 
SGP AERI and the BN AERI instruments show substantial differences in this range. 
Thus, calibration is needed to a certain degree. 
 
Range 2: (1381-1799 wavenumbers) corresponds to the relatively smooth portion of the 
sky radiance spectrum (Figure 4a). Most measurements by the SGP AERI and the BN 
AERI instruments are consistent in this range. The differences between the two are 
usually within 2 srmmW 2  and the relative differences are within 3%. However, both the 
regression gain and the offset estimates are extremely unstable. For instance, the estimate 
for the gain varies from roughly 1.2 to almost zero going from one wavenumber to the 
next. Correspond ingly, the estimate for the offset fluctuates from -3 to over 20 srmmW 2 . 
Therefore, the regression result in this region is highly unreliable. Considering that little 
difference exists between the SGP AERI and BN AERI radiance in this range, no 
calibration is really needed. 
 
Range 3: (1800-2300 wavenumbers) shows behavior similar to that in range 1, but with a 
much smaller magnitude.  The differences and relative difference between the two 
instruments is significant compared with the other regions of data collected by detector B. 
Therefore, calibration is appropriate. 
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Range 4: (2301-3000 wavenumbers) shows a pattern similar to that in range 2. In this 
spectral range, radiance data collected by both the SGP AERI and BN AERI instruments 
are quite smooth and exhibit very few differences. Likewise, the attempted regression in 
this range is messy and unreliable.  No linear calibration is suggested in this range. 
 
For ranges 1 and 3, moving averages were applied to both gain and offset spectra 
obtained for the 12 June data, which we believe contain the least noise. Straight lines 
were fitted to the smoothed spectra. The results are shown in Figures 9-12. Combining 
the discussions made earlier, the regression empirical relationships are summarized in 
Table 7. 
 
Due to the nature of the retrieval of radiance data from the BN AERI measurement 
(Computed Fourier Transform data from the interferometer) and the atmospheric 
fluctuations in the sampling windows, a single-band correlation or a one-to-one 
correspondence between the SGP AERI and BN AERI and instruments for high 
resolution data can be difficult or even worthless. Such a correlation would be more 
realistic on the integrated bands or on an average basis. 
 

8. Conclusions  
Through tedious comparison and analysis, the following major conclusions can be drawn 
about SGP AERI and BN AERI sky radiance data. 
 
Consistencies 
Sky radiance data collected by both the SGP AERI and BN AERI instruments are 
compatible and consistent. Both preserve key features for major atmospheric species, 
such as water vapor, ozone and carbon dioxide. Both sets of data have similar ranges and 
similar trends across the whole wavenumber spectrum. The fluctuations or uncertainties 
measured by coefficients of variance in both data sets are in a similar range, which is 
roughly within 0.05 for non-absorption channels. The carbon dioxide and nitrous oxide 
range (2200-2400 wavenumbers) is the super clean range for both data sets. The BN 
AERI tends to produce cleaner radiance data because of its substantially higher SNR. 
 
Differences 
The SGP AERI instrument tends to generate less sky radiance data than the BN AERI 
instrument. The trend of this difference ranges from less than 5 )( 12 −cmsrmmW  at the 
666th wavenumber to close to zero at the 3000th wavenumber. The difference between 
the SGP AERI and BN AERI sky radiance data tends to decrease and approaches zero as 
the wavenumber increases from 600 to 3000. In the range of the 2400-3000 
wavenumbers, the difference is practically zero, although it could not be statistically 
confirmed. The relative difference (coefficient of variance) between the two data sets is 
generally in the range of 0.05 with the exceptions of the water vapor bands (wavenumber 
750-1250, 2000-2200, and beyond 2380). Large swings in the difference spectra occur 
primarily in the water vapor channels between the 750-1250 wavenumbers and between 
the 1950-2150 wavenumbers. The difference between the 2400-3000 wavenumbers can 
be ignored to a certain degree. The statistical T-tests suggest that the differences between 
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the SGP AERI and BN AERI sky radiance data, although small, are systematic and 
cannot be assumed to be zero.  
 
Relationships: Although not yet operationally confirmed, the following channel-by-
channel empirical relationships between the SGP AERI and the BN AERI sky radiance 
data are established. These relationships may be used for instrumental backup plans in the 
future.  
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Figure Captions  

Figure 1.  SGP AERI (left) and BN AERI (right) were mounted side by side in the SGP 
optical trailer. Instruments were pointed to the sky through two openings that could be 
closed manually or automatically during severe weather. 
 
Figure 2.  Harvest season in northern Oklahoma (including 10-13 June) produced a great 
deal of aerosol. 
 
Figure 3.  Sky photos from 12 June 2003 show a fluctuation from complete cloud cover 
to open sky during a four-hour period. 
 
Figure 4.  Sky radiance data detected by SGP AERI and BN AERI detector A at 2000 
UTC 12 June 2003 at the ARM SGP site. 
 
Figure 5a.  12 June 2003, Detector A: sky radiance mean, standard deviation, and 
coefficient of variance spectra for SGP AERI and BN RSL AERI. 
 
Figure 5b. 12 June 2003, Detector B: sky radiance mean, standard deviation, and 
coefficient of variance spectra for SGP AERI and BN AERI. 
 
Figure 6a. 12 June 2003, SGP-BN detector A sky radiance difference statistics spectra:  a. 
Difference mean, b. Difference standard deviation, c. Relative difference, d. Absolute 
relative difference, e. Student –T,  and f. Probabilities associated with Student –T.  
 
Figure 6b. 12 June 2003, SGP-BN detector B sky radiance difference statistics spectra:  a. 
difference mean, b. difference standard deviation, c. relative difference, d. absolute 
relative difference, e. student –T, and f. probabilities associated with student –T 
 
Figure 7.  Regression gains versus wavenumbers for the equation kk

ARM
kk

RSL
k oRgR ε++=  

computed from June 12 data sets. 
 
Figure 8.  Regression offsets versus wavenumbers for the equation kk

ARM
kk

RSL
k oRgR ε++=  

computed from 12 June data sets. 
 
Figure 9.  Smoothed trend of the gain estimates for range 1 from the 12 June data. 
 
Figure 10.  Smoothed trend of the offset estimates for range 1 from 12 June data. 
 
Figure 11.  Smoothed trend of the gain estimates for range 3 from the 12 June data. 
 
Figure 12.  Smoothed trend of the offset estimates for range 3 from the 12 June data. 
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Tables 
 

Table 1.  BN AERI sky radiance data temporal coverage  

Date Period # Collections  UTC Central 
Time 

Central Daylight Time 

11/6/2003 1 30 17:51 -  21:50 11:51 -  
15:50 

12:51 – 16:50 

 2 13 22:14 -  23:53 16:14 -  
17:53 

17:14 – 18:53 

12/6/2003 1 102 00:01 -  13:53 18:01 - 07:53 19:01 – 08:53 
 2 35 15:35 -  20:14 09:35 -  

14:14 
10:35 – 15:14 

 3 24 20:42 -  23:52 14:42 -  
17:52 

15:42 – 18:52 

13/6/2003 1 104 00:00 -  14: 
08 

18:00 -  
08:08 

19:00 – 09:08 

 2 25 14:31 -  17:49 08:13 - 11:49 09:13 – 12:49 
 

Table 2.  ARM SGP AERI sky radiance data temporal coverage  

Date Period # Collections  UTC Central 
Time 

Central Daylight 
Time 

11/6/2003 1 57 16:21 – 
23:47 

10:21 – 
17:47 

11:21 – 18:47 

12/6/2003 1 177 00:10 – 
23:44 

18:10 – 
17:44 

19:10 – 18:44 

13/6/2003 1 177 00:11 – 
23:46 

18:11 – 
17:46 

19:11 – 18:46 
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Table 3.  SGP AERI and the BN AERI actual data spectral range  

Instrument Detector Wavenumber 
Range  
(wn) 

Wavelength 
Range  
(µm) 

Number 
of 

Channels 

Channel 
Width 
(wn) 

SGP AERI A 520.24 ~ 
1799.86 

19.222 ~ 
5.556 

2655 0.48 

 B 1799.86 ~ 
3020.17 

5.556 ~ 
 3.311 

2532 0.48 

BN AERI A 665.87 ~ 
2500.04 

15.018 ~ 
 4.000 

3805 0.48 

 B 1799.93 ~ 
3020.30 

5.556 ~ 
 3.311 

2532 0.48 

 
 

Table 4.  The SGP AERI mean sky radiance – 12 June 2003, Detector A 

Time in Decimal Julian Days wnum 
163.0075 163.0130 … 163.4962 163.5018 163.5074 … 163.9839 163.9894 

520.24 149.67 154.40 … 138.55 138.22 140.27 … 153.77 155.42 
520.72 155.81 152.01 … 139.46 140.02 143.63 … 153.11 146.44 

… … … … … … … … … … 
742.02 140.88 141.05 … 127.41 126.45 128.10 … 136.91 137.20 
742.51 145.75 145.62 … 130.43 131.07 131.12 … 143.63 144.16 
742.99 125.62 126.32 … 115.55 108.17 116.60 … 113.37 113.92 

… … … … … … … … … … 
1041.44 40.62 41.39 … 44.67 36.34 49.35 … 35.45 35.90 
1041.92 25.33 26.31 … 36.42 24.28 42.33 … 21.18 21.33 

… … … … … … … … … … 
1799.37 14.34 13.67 … 9.27 11.77 11.11 … 12.54 12.71 
1799.86 13.86 14.63 … 10.54 10.72 10.18 … 13.13 13.03 
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Table 5.  The BN AERI mean sky radiance – 12 June 2003, Detector A 

Time in Decimal Julian Days wnum 
163.0007 163.0069 … 163.4986 163.5042 163.5097 … 163.9882 163.9944 

665.87 157.55 157.16 … 139.80 140.22 140.56 … 156.28 156.13 
666.36 157.65 157.22 … 139.80 140.16 140.57 … 156.42 156.27 

… … … … … … … … … … 
742.06 145.48 144.99 … 130.15 129.74 130.71 … 141.94 141.86 
742.54 141.64 140.85 … 126.97 124.68 127.89 … 135.52 135.44 

… … … … … … … … … … 
1041.00 40.02 38.94 … 49.65 35.76 55.68 … 34.30 34.25 
1041.48 37.55 36.39 … 48.72 33.58 55.04 … 31.67 31.59 
1041.97 34.78 33.38 … 47.75 30.08 54.52 … 27.83 27.71 

… … … … … … … … … … 
2499.56 0.01 -0.01 … 0.19 -0.03 0.25 … -0.02 -0.04 
2500.04 -0.01 -0.02 … 0.20 -0.05 0.25 … -0.04 -0.06 

 

Table 6.  Spectral range of resampled data   

Detector Wavenumber 
Range (wn) 

Wavelength 
Range (? m) 

Number of 
Channels 

Channel Width 
(wn) 

A 666 ~ 1799 15.015 ~ 5.559 1134 1 
B 1800 ~ 3019 5.556 ~ 3.311 1220 1 

 
Table 7.  Empirical relationship between BN and the ARM radiance data 

Relationship: wnwn
ARM
wnwn

RSL
wn oRgR ε++=  n 

Range Wavenumbers Gain(wn) Offset(wn) 

1 666 ~1380 
044.100005.0 += wngwn  

Range: 1.064 ~ 1.085 
74.110078.0 −= wnown  

Range: -6.645 ~ -0.976 

2 1381-1799 1=wng  0=wno  

3 1800-2300 
8266.00001.0 += wngwn  

Range: 1.007 ~ 1.057 
0698.20009.0 +−= wnown  

Range: 0.450 ~ 0.000 

4 2301-3000 1=wng  0=wno  
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Figures 
 

 
Figure 1.  SGP AERI (left) and BN AERI (right) were mounted side by side in the SGP 
optical trailer. Instruments were pointed to the sky through two openings that could be 
closed manually or automatically during severe weather. 
 

 
Figure 2.  Harvest season in northern Oklahoma (including 10-13 June) produced a great 
deal of aerosol. 
 

   
1600 UTC 6/12/2003  1800 UTC 6/12/2003  2000 UTC 6/12/2003 

Figure 3.  Sky photos from 12 June 2003 show a fluctuation from complete cloud cover 
to open sky during a four-hour period. 
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BN AERI Sky Radiance  
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a. SGP AERI detector A sky radiance 

 
b. BN AERI detector A sky radiance 
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BN AERI Sky Radiance   
2000 UTC 12 June
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c. SGP AERI detector B sky radiance d. BN AERI detector B sky radiance 

 
Figure 4.  Sky radiance data detected by SGP AERI and BN AERI detector A at 2000 
UTC 12 June 2003 at the ARM SGP site. 
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1. SGP detector A sky radiance mean 2. BN detector A sky radiance mean 
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3. SGP detector A standard deviation 4. BN detector A standard deviation 
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5. SGP detector A coefficient of variance 6. BN detector A coefficient of variance 

Figure 5a.  12 June 2003, Detector A: sky radiance mean, standard deviation, and 
coefficient of variance spectra for SGP AERI and BN RSL AERI.
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1. SGP detector B sky radiance mean 2. BN  detector B sky radiance mean 

SGP AERI Radiance
Standard Deviation 12 June
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3. SGP detector B standard deviation 4. BN detector B standard deviation 
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5. SGP detector B coefficient of variance 6. BN  detector B coefficient of variance 

Figure 5b. 12 June 2003, Detector B: sky radiance mean, standard deviation, and 
coefficient of variance spectra for SGP AERI and BN AERI. 
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Mean Difference = SGP-BN
12 June
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1. Mean difference spectrum 2. Standard deviation of the difference 
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3. Relative mean difference 4. Absolute relative mean difference 
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5. Student –T value of the difference 6. Probability associated with student -T 

Figure 6a. 12 June 2003, SGP-BN detector A sky radiance difference statistics spectra:  a. 
Difference mean, b. Difference standard deviation, c. Relative difference, d. Absolute 
relative difference, e. Student –T,  and f. Probabilities associated with Student –T. 
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Mean Difference= SGP-BN
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1. Mean difference spectrum 2. Standard deviation of the difference 
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3. Relative mean difference 4. Absolute relative mean difference 
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5. Student –T value of the difference 6. Probability associated with student -T 

Figure 6b. 12 June 2003, SGP-BN detector B sky radiance difference statistics spectra:  a. 
difference mean, b. difference standard deviation, c. relative difference, d. absolute 
relative difference, e. student –T, and f. probabilities associated with student –T.
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BN - SGP Sky Radiance Relationship (12 June) 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Wave Numbers (cm -1)

G
ai

n

 
Figure 7.  Regression gains versus wavenumbers for the equation kk

ARM
kk

RSL
k oRgR ε++=  

computed from 12 June data sets. 
 

BN - SGP Sky Radiance Relationship (12 June) 
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Figure 8.  Regression offsets versus wavenumbers for the equation kk

ARM
kk

RSL
k oRgR ε++=  

computed from 12 June data sets. 
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BN - SGP Sky Radiance Relationship- range 1 (12 June) 
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Figure 9.  Smoothed trend of the gain estimates for range 1 from the 12 June data. 

 

BN - SGP Sky Radiance Relationship- range 1 (12 June) 
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Figure 10.  Smoothed trend of the offset estimates for range 1 from 12 June data. 
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BN - SGP Sky Radiance Relationship- range 3 (12 June) 
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Figure 11.  Smoothed trend of the gain estimates for range 3 from the 12 June data. 

 

BN - SGP Sky Radiance Relationship- range 3 (12 June) 
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Figure 12.  Smoothed trend of the offset estimates for range 3 from the 12 June data. 
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