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RSS at ARM

Data Availability

RS5S105 R55103 R55102

Location SGP SGP SGP

Operational epochs | 05/09/03 - Present | 09/29/01-06/27/02 | 07/22/99-08/04/00
08/12/97-10/05/98

Measurement From sunrise to sunset
period
Measurement rate 1 shadowbanding cycle per min
Number of spectra From 570 spectra in Winter to 870 spectra in Summer
per day

RSS’s 103, 104, 105: 2003 Billings, OK

RSS102: 2001 Billings, OK

RSS103: 1999 Barrow, AK



CosCorDirect

CosDifCor

Principal Measured Quantity

RSS103, UV-RSS104, RSS105 (from left to right)
Aerosol IOP at SGP. May 2003.

Shadowbanding Geometry

RSS105 | RSS103 RSS5102
Diffuser aperture 0.25"
Shadowband witdth 8.1°
Shadowband radius 3.50"
Shadowband length 135°
Shadowband +9e°
position at
corrections
Shadowband axis 45¢° Parallel with Earth Parallel with Earth
angle axis axis
Shadowband center yes
on diffuser
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Spectral Characteristics

R55105 RSS103 R55102
Number of pixels 1024 512 1024
Nominal Spectral 360-1050 360-1050 360-1050
Range (NSR)[nm]
Number of Pixels 1001 442 988
within NSR
Resolution (FWHM) [nm]/][pixels]
@A400nm 0.37/1.56 1.24/2.32 0.37/1.52
@500nm 0.62/1.36 2.57/2.47 1.14/2.44
@600nm 1.05/1.40 4.84/2.81 1.77/2.32
@700nm 1.57/1.44 7.80/3.12 2.21/2.00
@800Nnm 2.16/1.52 11.02/3.37 2.53/1.75
@900nm 2.79/1.63 14.32/3.61 2.81/1.62
@1000nm 3.42/1.78 17.11/3.83 3.10/1.58
Filter functions
95% below Gaussian Gaussian Gaussian
maximuim
Gaussian rss105 GaussWidth | rss103_GaussWidth | rrs102_GaussWidth

parameter from

Below 95% is

defined by
following files

rss105_ff_respEQ1
rss105_respQM
rss105_ RespW

rss103_ff_respEQ1
rss103_RespQM
rss103_RespW

rss102_ff_respEQ1
rss102_RespQM
rss10.2 RespW




fwhm [nm]

Resolution and Stray Light
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RSS105 Performance

Licor-to-P128

Calibration Schedule

Portable Calibrator: 2/month
Licor Calibrator: 1/month
Oriel Spectral Lamp: 1/month
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Diurnal Average Shift [pix]
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Corrections and Data Quality Control

v'Calibration data analysis: nonlinearity, offset, dark vs.
exposure, responsivity drift

v"Wavelength shift: scan-to-scan correction

v'"Nonlinearity compensation: interpolated between calibration
events

v’ Automatic responsivity correction: interpolated between
calibration events

»Comparison with MFRSR channels: verification (poms)
»Langley regression responsivity drift: Forgan method

» Automatic calibration data analysis



Data Availability
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What can we get from RSS data?

Peter Kiedron
ASRC/SUNY at Albany
14 March, 2005



Value Added Products

Primary measured quantities: direct, diffuse, total horizontal spectral irradiances in 360nm-1050nm range, one per
minute
Irradiance

Langley regression: calibration correction and daily (0, 1 or 2 per day) optical depth (OD).
Instantaneous optical depth (OD): t = In[Direct/Extraterrestrial] (once every minute).
Ozone column (O,): from Chappuis 0zone absorption band (440-760nm).
Water vapor column (H,0): from 820nm and/or 940nm absorption bands.
Nitrogen dioxide (NO,): from absorption maximum in 415nm region or correlation method
Aerosol optical depth (AOD): Angstrom coefficients from multi- wavelength fit to IOD (with NO, correction).
Aerosol effective radius: paper by Scott Gianelli

Oxygen A-band
Diffuse effective airmass: from O2 A-band (760nm).
Photon path-length: first and second(?) moments from O2 A-band (760nm).

All sky conditions retrievals: H,0, O, and NO, using diffuse effective airmass.

Subvisual cirrus detection: papers by Qilong Min
Direct-to-diffuse

Single scattering albedo (SSA): from direct-to-diffuse ratio (B. Herman et al. J. Atm. Sci., 32, 918-925 (1975))

Surface albedo (SA): from direct-to-diffuse ratio.
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Q. Min et al., J. Geophys. Res., 109, D02202, (2004)
Q. Min and L. Harrison, Geophys. Res. Lett., 26, 1425-1428, (1999)
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Clear-sky diffuse discrepancy

Table 1. Bias (Model-Obs) and Aerosol Forcing in Wm™ at SGP
during 2000
ta Model-Obs Sample | Aerosol
s E13 Col N Forcing
Surface
Direct Normal -4.1 -10.0 500 -1313
Diffuse 6.7 5.2 500 58.6
Total 33 -2.1 500 -27.5
Dhrect horizontal -34 -73 500 -86.1
= (dir norm)*cosSZA
TOA reflected 132 27.0 44 «This N
15 tiny!

Clear-Sky Diffuse Irradiance; (Model - Measurement) Bias

¢+ Measurement errors
¢+ Model inputs

¢+ Model

J. Michalsky et al. J. Geophys. Res., 108(D8), 4254, (2003)
T. Charlock, et al., ARM Scientce Team Meeting (2001)
S. Kato et al. J. Geophys. Res., 102, 25, 881-25898 (1997)
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RSS and line-by-line model LBLRTM

—— RS88 Measurement

—— LBLRTM Calculation

12000

10000 14000 16000 18000 20000 22000 24000 26000 2800
1
o L ]
S T b) ]
g ° MJM’W’\/WMWM
5 -
b ]
£ I ]
[N S ST NS NI EIR U R EE I IS R N
10000 12000 14000 16000 18000 20000 22000 24000 26000 28000
T
oL JUM N
© T -
(6] L
o [ 7¢’Af
4T ff '
@ [ \
= 2 R f\/\[\ —— RSS Measurement
;‘U — CHARTS Calculation ]
5 U B S S R BRI BRI
10000 12000 14000 16000 18000 20000 22000 24000 26000 28000
1

Irradiance
(=]
g 4
Rl
Irradiance
(=}
[‘
=

T T T S SR Y T

10000 12000 14000 16000 18000 20000 22000 24000 26000 28000
Wavenumber (cm™")

Figure 1. October 2, 1997 case [1.3 airmasses: 2.7 cm vertical PWV]: a) direct-beam spectral

irradiances: b) direct-beam differences (RSS-LBLRTM): ¢) diffuse spectral irradiances: d)
diffuse differences (RSS-CHARTS).
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Figure 3. September 29, 1997 case [1.3 airmasses: 1.4 cm vertical PWV]: a) direct-beam
spectral irradiances; b) direct-beam differences (RSS-LELRTM): c) diffuse spectral irradiances;

d) diffuse differences (RSS-CHARTS).
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E. Mlaver et al., Geophys. Res. Lett., 27, 2653-2656, (2000)



. . 2 -
Direct Horizontal [Wm nm ]

Diffuse Horizontal [W m Znm _1]

RSS - Model

1 -O m' ' [ ' ' ' v /\‘V
0.8 W. | ?\}Vm f%w
0.6 l [ ‘
0.4 : 1
Diffuse IOP 2001, SGP, Day 273.5039 W{
0.2 —— Model
|
— rss104
— rss103
0.0 I | |
300 400 500 600 700 800 900 1000
Wavelength [nm]
0.35 1 : : ;
Diffuse IOP 2001, SGP Day=273.5039
0.30 —— Model
0.25 - — rss104
) —— rss103
0.20
0.15
| N
0.00 N\
1
300 400 500 600 700 800 900 1000

Wavelength [nm]



Difference [mW m ZAm _1]
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Direct-to-Diffuse
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Ratio Observation/Model
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Aerosols and NO,,
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NO, absorption
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MFRSR Diffuse-to-Direct Ratio

Table 1.

Modeled ratio of diffusefdirect divided by observed diffuse/direct.

Row Labels: ALL —
nominal values of ADD, surface albedo and 35A, includes ALL data from September 3, 1999, tof
December 31, 2002; Nom — Same as “ALL" case, but observations limited to those obtained with
MFR Head 922 (September 3, 1599, to September 18, 2001); 0.67TA — Same as nominal case, hui]
surface albedo reduced by 33%; T-0.01 — Same as nominal case, but ACD reduced by 0.01; 0.90& -
Same as nominal case, but 33A reduced lyy 10%.

415 nm 500 nm 610 nm 665 nm 862 nm
ATL 1.162 1.174 1.206 1.22 1.411
Mom. 1.245 1.357 1374 1470 1.530
0674 1235 1338 1.349 1434 1477
T-0.01 1.205 1.298 1282 1353 1.354
0.90a 1.136 1.230 1247 1327 1.338

Table 2. Required perturbations in model inputs of AOD or 55A that bring modeled resulis into
agreement with observed diffuseldirect ratio. No surface albedo greater than zero can be used to
achieve the same effect.

415 nm 50 nm 610 nm 665 nm 862 nm
AQD T -0.083 T -0.062 v-0.041 1 200040 T-0.028
S5A 0.77 584 0.72 85A 0.71 554 0.67 55A 0.64 S5A

P. Ricchiazzi and C. Gautier, ARM Science Team Meeting Proceedings, Broomfield, Colorado, March 31-April 4, (2003)

J. Petters et al., J. Geophys. Res. 108, 4288, (2003)
P. Anikin et al. ARM Science Team Meeting Proceedings, St. Petersburg, Florida, April 8-12, (2002)
O. Dubovik et al. J. Geophys. Res., 103, 31901-31923 (1998)

C. Devaux et al. J. Geophys. Res., 103, 8753-8761 (1998)

B. Herman et al. J. Atm. Sci., 32, 918-925 (1975)
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Irradiance W/m2/nm
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O. Dubovik et al. J. Geophys. Res., 103, 31901-31923 (1998)
C. Devaux et al. J. Geophys. Res., 103, 8753-8761 (1998)
B. Herman et al. J. Atm. Sci., 32, 918-925 (1975)
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Extraterrestrial irradiance discrepancy
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Oxygen A-band Spectrometry
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