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Lidar signal and skylight background O/\
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Atmospheric response
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Pure rotational Raman spectra of N, and O,
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Scattering efficiency @532nm
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Scattering efficiency
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PRRS, temperature sensitivity
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PRRS, temperature sensitivity
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PRRS signal ratio
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Isolating “temperature iInsensitive” Iines with interference filters
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“PRRS of N, (blue) and O,(red) @T=300 K and the interference filter transmission”

after Veselovskii et al. “Use of rotational Raman measurements in multiwavelength aerosol lidar for
Evaluation of particle backscattering and extinction”, Atmos. Meas. Tech., 8, 4111-4122, 2015



Isolating “temperature-insensitive” lines with interference filters
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after Veselovskii et al. “Use of rotational Raman measurements in multiwavelength aerosol lidar for
Evaluation of particle backscattering and extinction”, Atmos. Meas. Tech., 8, 4111-4122, 2015



Isolating “temperature-sensitive” lines with interference filters

0.8 -8
0.7 - Transmittance of the low-quantum-number PRRS channel filter combination :_7
] Transmittance of the high-quantum-number PRRS channel filter -
0.6 - PRRS, T= 180 K -6
[ 1 PRRS, T=260 K -
% 0.5- 5
E X S~
E T
E 0.4 . ‘ A ,'_-4 b'e
(£ 4 " '. 0 I : E;.
< 0.3 s I n L3 =
[l T ) I'-‘ X [
0.2- v -2
Rl IER
0.0 n ¥ T ) T L T T T T 7 1 T T T 7 T T ] ¥ % T @m 0
527 528 529 530 531 532 533 534 535 536 537 538

WAVELENGTH (nm)

“Scaled intensity of the PRR signal and transmittances of employed interference filters”

after Behrendt and Reichardt, “Atmospheric temperature profiling in the presence of clouds
with a pure rotational Raman lidar by use of an interference-filter-based polychromator”
App. Opt., Vol. 39, No. 9, 1372-1378, 2000



Isolating “temperature-sensitive” lines with interference filters

Elastic (PMT1) |  np; (PMT2) Ny (PMT3)
Tir1a * TiF1b RiF1a * TiF2a * Tirzb | RirF1a * RiF2a * Tir3
62% 36% 68%
>0D7@532nm >0D7@532nm

after Behrendt and Reichardt, “Atmospheric temperature profiling in the presence of clouds
with a pure rotational Raman lidar by use of an interference-filter-based polychromator”
App. Opt., Vol. 39, No. 9, 1372-1378, 2000



Improved transmission of interference filters (as of 2004)
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Isolating “temperature-sensitive” lines with diffraction gratings
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Elastic light suppression
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Diffraction grating polychromator
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* ny and ng refer to the PRRS lines with positive and negative temperature dependence
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"Optoelectronic Material and Devices", volume 7 "Recent Advances in Atmospheric Science”

Ed.: L.Fiorani, V.Mitev, INOE, Bucharest, 2010



Input / output “slits” (fibers) arrangement
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Diffraction grating efficiency (Richardson Gratings Lab)

2972-1, 600 g/mm, 2.7 um, 54 deg., M=5, Cat¥# 53-"-466, Plane ruled, Max RA 102 x 102 mm
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Diffraction grating efficiency (Richardson Gratings Lab)
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Elastic light suppression
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Grating polychromator: efficiency and stray light suppression
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Isolating “temperature-sensitive” lines with interference filters
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“Transmission of interference filters and PRRS of N, and O, at 300K and 250K”

after Radlach et al. “Scanning rotational Raman lidar at 355nm for the measurement of
tropospheric temperature fields”, Atmos. Chem. Phys., 8, 159-169, 2008



Isolating “temperature-sensitive” lines with interference filters
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after Radlach et al. “Scanning rotational Raman lidar at 355nm for the measurement of
tropospheric temperature fields”, Atmos. Chem. Phys., 8, 159-169, 2008
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Grating polychromator: efficiency and stray light suppression
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Temperature dependence of combined PRRS signal
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Temperature dependence of combined PRRS signal

Effective PRRS cross-section (normalized)
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Temperature dependence of combined PRRS signal
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“Four telescopes” configuration
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Lidar signal and skylight background

Atmospheric response:

A cT
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Sky background: PBGR = EVKAfLT
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Temperature channel for night-time operation
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Optimum spectral intervals (night-time)
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Temperature channel for daytime operation
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Optimum spectral intervals (daytime)
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Optimum spectral intervals (daytime)
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Optimum spectral intervals (daytime)
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Optimum spectral intervals (daytime)
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Lidar signal and skylight background O/\

Atmospheric response:
Act f

P(r)=E, f, K= =B, (r)exp|-2 f a(x)dx
ro 2 0

Sky background: PBGR - Ev KAAV fLT

Signal to background: P "\\Eo,/\' /5
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Lidar signal and skylight background O/\

Atmospheric response:

Act f .M
P(r) =EO fLK 75 p. (r)exp(—Z f (x(x)dx) bl
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Sky background: P,.=E, KAAV T
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Overlap function: efficiency of light collection




Telescope assignment

“far” range
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Principle lidar layout
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Preliminary spectral separation
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“Four telescopes” configuration
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Overlap function, far ran
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Overlap function, near range telescope
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Particle backscatter 355 & 532, far- and near-range
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Particle backscatter 355 & 532, far- and near-range
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Particle backscatter 532nm, far & close range

Particle backscatter, 532nm, 2010.07.15, 02:00—-02:30 UTC (time zone: —4)
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Particle backscatter 532nm, far & close range

Particle backscatter, 532nm, 2010.07.15, 14:00—14:30 UTC (time zone: —4)
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Particle backscatter 532nm, far & close range

particle backscatter, 532nm, far range
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Particle backscatter 532nm, far & close range

portlcle backscatter, 532nm, far range
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Particle backscatter 355nm, far & near range

particle backscatter, 355nm, far range
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Raman lidar returns, 532nm, near & far range

Raman lidar returns, 532nm, 2010.04.12, 16:40-17:20 UTC (time zone: —4)
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Statistical uncertainty of lidar returns, near & far range

I

1 | | 1 1 1 1 I I |

Relative signal uncertainty, PRRS 532nm, 2010.04.12, 16:40—17:20 UTC (time zone: —4)

Relotive signal uncertainty, %
o

Max-Planck-Institut
fir Meteorologie

Height, km

e far

— QAT




Raman lidar returns, 532nm, near & far range

Raman lidar returns, 532nm, 2010.04.12, 16:40-17:20 UTC (time zone: —4)
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Particle extinction, 532nm, near & far range
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Overlap long term stability

21:00-23:59, signal ratio "far/near'", 532nm, 355nm
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Overlap long term stability

21:00-23:59, signal ratio "far/near'", 532nm, 355nm
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Overlap long term stability

@

21:00-23:59, signal ratio "far/near", 532nm, 355nm
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Overlap long term stability
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21:00-23:59, signal ratio "far/near'", 532nm, 355nm
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Overlap long term stability

21:00-23:59, signal ratio "far/near'", 532nm, 355nm
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Overlap long term stability

21:00-23:59, signal ratio "far/near'", 532nm, 355nm
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Overlap long term stability

21:00-23:59, signal ratio "far/near", 532nm,

355nm
2.0 T T T T T

T

1090912
w— 090913
— 090914
e r090916

.
o

r090917
r090919
e 1090920

o

Signal rotios, rel. units

0.5 .......................................................................................................................................................................
0.0 1 1 1 | ] 1 ] 1 1 1 1 1
0 5 10 15

Height, km

Max-Planck-Institut
fir Meteorologie

@




Overlap, 24h stability

Signal ratio "far/near",

, 355nm
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Overlap, 24h stability

Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability
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Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability

Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability

@

Signal rotios, rel. units

Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability

Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability

Signal ratio "far/near", 532nm, 355nm
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Overlap, 24h stability

Signal ratio "far/near", 532nm, 355nm
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Overlap function, far range telescope, 532nm, 10.04.12

Overlap function, 532nm, far range, "valid" mask applied
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Overlap function, far range telescope, 532nm, 10.04.12

Overlap function, far range, 532nm, 100412
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Particle extinction, 532nm, near & far range

Particle extinction, 532nm, 2010.04.12, 16:40—-17:20 UTC (time zone: —4)
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Particle extinction, 532nm, near & far range

Particle extinction, 532nm, 2010.04.12, 13:18-13:58 UTC (time zone: —4)
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Overlap function, far range telescope, 532nm, 10.07.15

Overlap function, far range, 532nm, 100715
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Raman lidar returns, 532nm, near & far range

Raman lidar returns, 532nm 2010.07.15, 13 18—13 58 UTC (time zone: —4)
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Particle extinction, 532nm, near & far range

Particle extinction, 532nm, 2010.07.15, 13:18—-13:58 UTC (time zone: —4)
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Particle extinction, 355nm, near & far range

Particle extinction, 355nm, 2010.07.15, 13:18—-13:58 UTC (time zone: —4)
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Particle backscatter, 532nm, 20 April 2011, res.:
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Particle backscatter, 532nm, 15 April 201
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Particle backscatter, 355nm, 15 April 2011, res.: 10 min., 60—-660 m
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Particle extinction, 532nm,
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Particle extinction, 355nm 15 Apr|I 2011 : 60 min., 180—3540 m
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Temperature, 15 April 2011, res.: 118 min., 180-2220 m
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Relative humidity, 15 April 2011, res.: 118 min., 180-2220 m
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