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An absolute calibration of the Y ankee Environmental Systems (YES) (Ref. 1)
UltraViolet Multi Filter Rotating Shadowband Radiometer was preformed, at Mauna
Loa Observatory Hawaii, using the sun as the reference source. These calibration
factors, one for each of the seven filters, are applied as scale factors to the * YES
shadowband manager program calibrated output’ values and are dimensionless.

Wavelength, nm Scale factor  £U95%

300.2 111 16.8
305.6 0.94 6.8
311.7 1.04 56
317.8 111 6.1
3254 1.09 51
332.5 1.26 6.0
368.1 1.05 5.1

Application

Where:  |meas = Irradiance as output by the Y ESDAS program.
lca = Cadlibrated Irradiance
S = Scaefactor
U95% = the 95% confidence level

ABSTRACT

Calibration factors, and uncertainties, have been determined which when applied
to the ‘ MFRSR management software calibrated output’ will provide a more
correct estimate of the Top Of Atmosphere (TOA) values. These values were
obtained by locating the UVMFR-7 at Mauna Loa Observatory (MLO), Hawaii



during the months of January 2004 and January 2005. Langley Top TOA
extrapolations were preformed for morning clear sky morning periods. Spectral
response functions were measured for each of the seven UVMFR-7 channels
using a monochromator. The spectral response function for each filter, and the
SOlar Radiation and Climate Experiment (SORCE) satellite measured
extraterrestrial ultraviolet spectra, were used to obtain an integrated expected
TOA irradiance value for each channel. These integrated and measured
irradiances were used to determine, absolute calibration factors, which are applied
to the spectral ultraviolet flux measurements obtained at the Clouds and the Earths
Radiant Energy System (CERES) Ocean Validation Experiment site (COVE).
This new data is the available on the web as the UVMFR 7 level 2 data

METHODOLOGY
Measurements, TOA

The UVMFR-7 was located at Mauna Loa Observatory Hawaii (MLO) during the
months of January 2004 and January 2005. Langley TOA extrapolations were
performed for morning clear sky periods. A measurement was made every 15
seconds. Four plots of the direct beam normal incident flux were used to select
thirty three clear sky periods they are; 1) the Langley regression line; 2) the direct
beam irradiance; 3) the deviations of the residuals about the Langley regression
line and; 4) the distribution of the deviations about the regression line. An
exampleis presented in Fig. 1. The Langley regression line is a straight line fit to
the natural log of the normal incident direct beam component of the solar
irradiance as a function of atmospheric path length The regression lineis
extrapolated to zero air mass. The zero air mass irradiance isthe TOA vaue.
Directly over head is defined as atmospheric path length of 1.0. For this
calibration event, data are used only for air masses lessthan 3.0. The requirement
for aclear sky day isthat the standard deviationof the residuals about the
regression line must be less than 0.006 for the 317.8nm channel.

Ozone is a strong absorber at 300nm therefore the radiant intensity decreases
rapidly with increasing air mass. The signals become very small and,
measurement accuracy, noise, and discretization become problematic. Therefore
only data values greater than 0.00034 (exp(-8.0))W/n¥ are used. This occurs at an
air mass of approximately 2.2.

The mean and standard deviationof the thirty three clear sky TOA values were
determined for each channel. These means and standard deviations will be used,
later in the analysis, as the MFRSR determined TOA values. An example for the
316.8nm case is shown in Fig. 2.
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Figure 1. Four direct beam irradiance plots; (top left) the Langley regression line; (top
right) the direct beam irradiance; (bottom left) the residuals about the Langley regression
line and; (bottom right) the distribution of the deviations about the regression line. To be
considered a clear sky day the standard deviation of the residuals (bottom left) must be

less than 0.006.
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Figure 2. Thisisa Sample plot of all clear sky TOA vaues. The mean is represented by
the line with the black dots. The mean and associated standard deviation were used in the
calibration analysis. A linear fit to the data is shown in red and is included only for
comparison purposes.



Spectral Response

A monochromator was used measure the spectral response functionof each
channel. First the monochromator wavelengthregistration was determined using a
mercury argon spectral calibration lamp. Then the spectral response of eachUV-
MFRSR channel was measured five times and averaged to obtain a single spectral
response function, the five individual spectra showed little variability. At the end
of the measurement period the spectral calibration lamp was again used to insure
that the monochromator spectral response had not changed.

Five spectral calibration lamp lines were selected which spanned the nominal
wave lengths of the UVMFR-7. The offset between the monochromator
responses for these lines and their known wavelengths were determined. The
mean of the offsets was then determined, and applied as a wavelength correction
factor, to the spectral response function for each filter. Eachresponse function
was normalized to 1.0 at its respective peak. An equivalent center wavelength
was determined by performing a numerical integration of the spectral response
and finding the area weighted central value. The normalized spectral response
functions, the equivalent center wavelengthand, the full width half maximum
values are shown are shown in Fig. 3. The Solar Radiation and Climate
Experiment (SORCE) (Ref. 2) extraterrestrial ultraviolet data, as measured by the
Spectral Irradiance Monitor (SIM) instrument (Ref. 3), isaso shownin Fig. 3
(red line). The SORCE data was used later to calculate an expected UV MFR-7
TOA irradiance value.

Expected TOA irradiance values are calculated for each channel. This was done
by doing a numerical integration of each spectral response function multiplied by
SORCE spectra. Eachresult is then divided by its respective integrated spectral
response function. The integrated and measured UVMFR-7 responses for each
channel are presented in Fig. 4. Ratios of these values were calculated and
applied to the *YES MFRSR management software calibrated output values'.



MFRSR Normalized and filled spectral response
FGWwi=fita Canbar Wyin; IGW=Intigrated Centar Wiin
1ull width et halt max {fwhm)|
o measured data
-+ - - filled data
spectral data e -)datalimbesd5dieal filesd54. 3005 [0 07454 2005200
calibratian_dala fle=/datalimfrer'd54cal files/d54 2005 00 07454 Tva_ 2006 09_049.cal
SUSIMJIIE:Mabau-SUSl;Lu\'-‘-s:-acira_Zgle._]an _gﬂﬁ.hcl

Z= = = z
56 P8 D2 B 2B D8 52
By 2B RBM BE 23 En 28
£=] uran - PP wWIuy [ fa )
DE oD —r —r Ty [ fur EE
1uu mrm '."J_f'.l L £ or mm mcr [ l".lf -
: b 4 % i [ A [ somce
ook | i d g Iil F R /
: e TR i i i " f 4 /
.EEI:— [ lﬁ;o ) .‘?ﬁ o o ; &'E \
- o 2 ale | oy ||-'.-' TR X | H
= ok [ @ Fl L\/ V i
7] . a & P e W \, &l
E 1 & o f | |
HBOF H | - & ]
2 o ft 4l A \Ji 9
S .t - RN E T Y i -
P 3 oode | 36 ?E el o3
= & T AT )¢ 4 @ i 5
g “SWiglee ool [l I |
aQ HU':— :!I I\ | T bl I @ '?
1 e V4 | 9@ ole 3 L
: Al & $ L5 1
20F % .icf TT EE ?11 il
S AR AR CEE A RO P A ¢l
: P 1 a o b o 1 5 . . 8 1 4 40 4 | PR RN IR N YU T W AT SO T TN 1 PR RENT I N (1 1
0-0055 300 310 520 330 340 350 360 370 380
Wavelength, nm
Fuar 1a 1 .2 2

-II:I'rH'I.IHF"\:III.r-.l:gFﬂ-U\' e MFASA_ipesril s

Figure 3. Normalized filter functions for each of the 7 UV-MFRSR channels are
presented. Measured (circles) and interpolated (dots) data are displayed. The
effective center wavelengths, from two sources for a consistency check, are
displayed. Full width half maximum values are also included. The Solar
Radiation and Climate Experiment (SORCE) measured extraterrestrial datais also
shown (red line).
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Figure 4. Measured and integrated TOA irradiance values for each UV-MFRSR
channel are presented. Ratios of these values were calculated for application to
the ' YES MFRSR management software calibrated output values'.

Uncertainty Analysis

The standard deviation of the thirty three Langley TOA extrapolations was
determined for each channel. The standard deviation of the residuals about the
regression line was aso determined; it is generaly much smaller than the standard
deviation of the TOA measurements. The published uncertainty of the SIM
instrument is 2% (Ref. 3). The two standard deviations were combined using the
root sum sguare method. In the root sum square method each component is
squared, the sum of the squares is determined, and the square root of the sumis
calculated, this square root is the combined standard deviation The combined
standard deviation is then converted to a percent of the TOA measurement. This
percent combined standard deviationis then combined with the SIM uncertainty
by again using the root sum square method, to get the total standard deviation.
Thistotal standard deviation it then multiplied by 2.0 to obtain the U95
uncertainty as a percent of measurement. A measured value is expected to be
within the U95 uncertainty of the true value 95% of the time.



Verification

As afinal step the ratios were applied to the MLO obtained clear sky direct beam
irradiance data, and new TOA values were determined. These new TOA values
were then compared SIM derived expected values and are presented in tabular
from below.

Corrected
Wave length SIM derived TOA  UVMFR-7 TOA difference

nm W/nt W/nt W/nt
300.2 0.408 0.404 0.004
305.6 0.547 0.547 0.000
311.8 0.642 0.641 0.001
317.8 0.678 0.677 0.001
3254 0.825 0.824 0.001
3325 0.948 0.947 0.001
368.1 1171 1.169 0.002

The SIM derived TOA values are greater than the UVMFR-7 values for 6 of the 7
channels. In the worst case the difference is 1% but is typically closer to 0.2%.
The reason for the SIM always being greater than the UVMFR-7 was not
investigated.

SUMMARY

Cdlibration factors, and uncertainties, have been determined which when applied
to the ‘MFRSR management software calibrated output’ will provide amore
correct estimate of the Top Of Atmosphere (TOA) values. These values were
obtained by locating the UVMFR-7 at Mauna Loa Observatory (MLO), Hawaii
during the months of January 2004 and January 2005. Langley Top TOA
extrapolations were preformed for morning clear sky morning periods. Spectral
response functions were measured for each of the seven UVMFR-7 channels
using a monochromator. The spectral response function for each filter, and the
SOlar Radiation and Climate Experiment (SORCE) satellite measured
extraterrestrial ultraviolet spectra, were used to obtain an integrated expected
TOA irradiance value for each channel. These integrated and measured
irradiances were used to determine, absolute calibration factors, which are applied
to the spectral ultraviolet flux measurements obtained at the Clouds and the Earths
Radiant Energy System (CERES) Ocean Validation Experiment site (COVE).
This new data is the available on the web as the UVMFR-7 level 2 data.
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Reference 2. The Solar Radiation and Climate Experiment (SORCE) is a NASA-
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(SIM) instrument. (This reference was obtained from the SORCE web site.)



