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Goals of this paper are to introduce: 100 200 300 400 500 600 700
. Titme (minutes)
(1) The set of measurements available:
Water Vapor, Temperature, Aerosol -— —_
Extinction, Particle Size, Ozone. W:-lt::r Vapor Mixing Ratio { JL&,

(2) Show examples: convection, pollution
events, a bore wave, Brunt-Vaisdla
oscillations, and cloud micro-physics.

(3) A future continuous automated LIDAR
instrument: meteorological data on
H,0, T (°K), extinction, aerosol size,
and O;.
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Raman Lidar
Development

Five generations
of Raman Lidars

GLEAM (1978)
GLINT (1983)
LAMP (1990)
LARS (1994)
LAPS (1996)




Raman Scatter Energy Levels
Raman Measurements Water Vapor and Aerosol Extinction
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Multiple Wavelength Laser Transmitter

Fundamental Nd:YAG Laser at 1064 nm
With 2nd, 3rd 4th Harmonics — 532, 355, 266 nm
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Backscatter Cross-section (m?)
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Aerosol Optical Extinction (1/km)
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Abzarption Crozs Section (10°-17 cm™d)

Raman/DIAL Ozone Lidar

® Ratio of O,/N, Raman signals from
4 harmonic of Nd:YAG
e Atmospheric ratio stable to 1:100000
e Result only depends on lab cross-sections
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Ozone 08/21/98 15:00-15:59 UTC
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Bistatic Methodology to Determine Particle Size
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(Born and Wolf, 1964)
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Atmosphere Resonant Oscillation ]
Water Vapor as a Tracer of Dynamics
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Water Transfer into Cloud Base
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Buoyant oscillation forced by
pressure wave at the Brunt-Vaisala
frequency observed at Point Barrow
Alaska on 27 May 1998, 4-10 AM
during the arctic spring.

Water vapor feeds directly from the
marine boundary layer into the base
of growing convective clouds forming
over the ocean. Data taken on USNS
Sumner in the Gulf of Mexico and

Atlantic.



Cloud Microphysics

Two-wavelength Raman lidar 05
extinction shows regions of
cloud formation and dissipation

Items:
1. Small aerosols outside of clouds
2. Multi-scatter in cloud center

3. Many small particles surrounding 1

4. Scales are the same for both As

Sachin Verghese, PhD 2008
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Instrument Characteristics and Measurements

Property Measurement Altitude Time - Resolution
Water Vapor 660/607 (H,O/N,) 0-5 km Night -1 min
294/283 (H,O/N,) 0-2 km Day & Night -1 min
Temperature 528/530 Rotational Raman 0-5 km Night 10 min
Extinction 530 nm 530 nm Rotational Raman 0-5 km Night 10 min
Extinction 607 nm 607 nm N, 15 Stokes 0-5 km Night 10 min
Extinction 285 nm 283 nm N, 1% Stokes 0-3 km Day & Night 10 min
Ozone O,/N, (278/283)Raman/DIAL | 0-2 km | Day & Night - 30 min
LAPS New LAPS New
Transmitter | Flash Lamp Diode Pumped 532 nm -500 mj 15 W 532nm-8mj 16 W
E and PRF | 1.2 J at30 Hz 40 W at 2 kHz 266 nm — 60 mj 1.8W 266 nm -3 mj 6 W
Expander 5X Beam 20X Beam
Receiver 61 cm Telescope | 50 cm Telescope | Fiber optic pickup Fiber optic pickup
Detector 8§ PMT 8 PMT 528/530 nm — Night Temp 528/530 nm — Night Temp
Channels Channels 263/265 nm — Day-Night Temp
Photon Photon 660/607 nm — H,0O/N, Night | 660/607 nm — H,O/N, Night
Counting gg:’lvn(t}i:feration 294/283 nm — H,O/N, D-N | 294/283 nm — H,O/N, Day-Night
of Detectors 278/283 nm — O3 DIAL 278/283 nm — O3 DIAL
283, 530, 660 nm — Aerosols | 265, 283, 530, 532, 607 nm — Aer
Data 100 MHz 1 GHz 75 m bins 50 m bins
Safety Marine X-Band | Eye-safe Automatic cut-off No protection needed (closed)




Summary
Raman lidar water vapor and aerosol profiles provide good tracers
dynamics in the troposphere.
Aerosol extinction profiles at multiple wavelengths can be used
to describe the particle size distributions.
An additional way to determine the size distribution of aerosols
is to image the path of a laser beam scattered at a few angles
while the beam polarization is flipped. Polarization ratio of the
scattering phase function describes the particle size distribution.
Dynamical processes can be studied: undular bore wave, low level
jets, Brunt- Vaisala oscillations, and cloud microphysics.

Our goal is to encourage the idea that continuous automated
Raman lidar profiles would be an advantage for atmospheric
investigations. They would provide a valuable supplement to
the twice per day rawinsonde releases and this type of sensor
could be made commercially available.




