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PREFACE

This publication contains abstracts of papers presented at the Thirteenth
International Laser Radar Conference (ILRC), held at the Ramada Hotel in Toronto,
Canada, August 11-15, 1986. The conference was hosted by York University and the
Atmospheric Environment Service, Canada. Eighty papers and 35 posters were
presented during 9 sessions. These conferences have historically provided lidar
researchers from throughout the world with a forum to present their latest
achievements and to discuss problems of mutual concern. The conferences have
addressed subjects from lidar-based atmospheric investigations to the development
of new lidar systems and techniques.

This thirteenth conference again portrays a maturing field with many examples
of lidar atmospheric investigations. The abstracts discuss laser radar measure-
ments of properties from the Earth's surface to the mesosphere, made with
techniques ranging from elastic and inelastic scattering to Doppler shifts and
differential absorption. The first session begins with spaceborne measurements
describing a recommitment to make lidar measurements from space.

The conference was held under the auspices of the International Coordination
group for Laser Atmospheric Studies (ICLAS) of the International Radiation
Commission, International Association of Meteorology and Atmospheric Physics, and
the Committee on Laser Atmospheric Studies of the American Meteorological
Society. ICLAS is the parent organization for these ILRC's which are held during
even years. Through the cooperation of many societies and organizations,
national lidar conferences and conferences/workshops associated with specific or
related aspects of lidar research are held during odd years. The 13th ILRC was
organized under the leadership of Allan Carswell of York University and Ray Hoff
of the Atmospheric Environment Service with assistance from Shiv Pal and Doug
Houston. The Program Committee and Professor Carswell, who chaired the
committee, are to be commended for the excellent selection of scientific papers.

This volume was prepared for publication through the efforts of the staff of
the Research Information and Applications Division, NASA Langley Research Center,
and the staff of York University Physics Department. Special thanks go to Bea
Frith and Pat Pearson for attending to the diverse tasks required for the success
of this conference.

The use of trade names or manufacturers' names in this publication does not
constitute endorsement, either expressed or implied, by the National Aeronautics
and Space Administration.

M. Patrick McCormick

Chairman, International Coordination
Group for Laser Atmospheric Studies

International Radiation Commission
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ESA ACTIVITIES IN SPACE LASER SOUNDING AND RANGING

H. Lutz

European Space Agency, ESA/ESTEC
Keplerlaan 1 - Postbus 299

2200 AG Noordwijk, The Netherlands

Laser remote sensing from space is undoubtedly one of the most
promising means to obtain essential atmospheric and geophysical parameters
on a global scale. Efforts including feasibility assessments, technology
developments and mission definition studies are in progress at the European
Space Agency (ESA) to prepare for the prospective use of laser remote
sensing systems in space. This paper will present an overview of the
programs under way and discuss the perspectives of laser remote sensing in
the context of ESA's Long-Term European Space Plan.

ESA technological preparation in the field of laser remote sensing
is directed towards lidar technology for atmospheric sounding and laser
ranging systems for use in solid-earth geophysics. Development efforts in
spaceborne laser ranging concentrate on COp laser Doppler systems for
precise geoid mapping using satellite-to-satellite tracking, and on
dual-wavelength picosecond pulse ranging for accurate distance measurements
to ground. Activities in the lidar area focus on the development and early
deployment of a direct-detection backscatter lidar which, when combined
with passive sensors, can provide valuable data for weather forecasting and
climate prediction.

Following the recommendations of an ESA Workshop on Space Laser
Applications and Technology (SPLAT), held in March 1984, a Technology
Working Group on Space Laser Sounding and Ranging has now been established.
The group is composed of scientists, users and laser instrumentation
specialists, and its task is to advise ESA on requirements and development
priorities in the area of laser remote sensing. The group's charter also
includes the elaboration of an implementation plan for spaceborne laser
monitoring systems, together with the identification and examination of
flight opportunities. Preliminary conclusions of the working group will be
presented.

In Jdanuary 1985, the governments of the ESA member states endorsed
the proposal for a Long-Term European Space Plan, opening up new
perspectives for satellite-borne laser remote sensing, particularly for
what concerns flight opportunities, platform capabilities and funding of
relevant development work. An In-Orbit Technology Demonstration Program
(TDP) has been approved, providing a suitable framework for the in-orbit
verification of laser remote sensing instruments. Using the European
Retrievable Carrier (EURECA), demonstration flights of up to 6 months
duration will be possible, with adequate platform mass and power resources
available. Similarly, the European contribution (COLUMBUS) to the US Space
Station might offer a serviceable polar platform which would open up
further opportunities for experimental missions involving lidars or other
laser remote sensing instruments.
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LIDAR REMOTE SENSING FROM SPACE: NASA'S PLANS IN THE FARTH SCIENCES

Robert J. Curran

Earth Sciences and Applications Division
Office of Space Sciences and Applications
National Aerconautics and Space Administration
Washington, DC 20546

NASA, in collaboration with the Earth Sciences community, is developing a
multidisciplinary study of the Earth System to provide a better understanding of
the complex interrelated processes involved in that system. The name given to
this NASA program is the Earth Observing System (Eos). Capabilities of the Space
Station, both the polar orbiting platform and the lower inclination platforms,
will be used to accommodate a number of large active and/or passive sensors.

These platforms are well matched to the requirements of anticipated lidar instru-
ments. Two lidar instruments being considered as part of the Eos payload are the
Lidar Atmospheric Sounder and Altimeter (IASA) and the laser Atmospheric Wind
Sounder (LAWS). For each of these lidar instruments, a panel composed of earth
scientists as well as laser technologists has been assembled to describe the
science objectives and instrument characteristics.

The LASA instrument is separable into two portions: the atmospheric
sounder component and the retroranging component. The LASA atmospheric sounder
will sample the spatial distribution of several atmospheric parameters. Most sig-
nificant in terms of improved understanding of the global hydrological cycle is
atmospheric water vapor. Characteristic of a lidar instrument, LASA will provide
high spatial resolution observations of water vapor and other atmospheric param-—
eters, with limited coverage. These characteristics make LASA observations a
strong contributor to synergistic studies utilizing observations fraom a number of
other Eos sensors. The primary objective of the retroranging component of LASA
will be to determine the precise three—dimensional position of specifically placed
retro-reflectors and to sense how these retro-reflectors change position over
monthly to yearly time periods.

The instrument oconcept for LAWS utilizes a lidar system capable of measur-
ing the Doppler shift in the backscattered intensity to determine the wind velo-
city profile. The ability to directly measure atmospheric motions is a scientific
goal crucial to future progress in the atmospheric sciences. Early testing of the
LAWS concept is being considered for both the Shuttle and Space Station plat-
forms. The current concept of the NASA Eos LASA and LAWS lidar systems will be
described including their measurement objectives and evolution for follow-on
flights.
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TUNABLE SOLID-STATE ILASER TECHNOLOGY FOR
APPLICATIONS TO SCIENTIFIC AND TECHNOLOGICAL
EXPERIMENTS FROM SPACE
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F. Allario and L. V. Taylor
NASA Langley Research Center, Flight Electronics Division
Hampton, VA 23665 U.S.A.

Current Agency plans for the NASA Earth Observing System (Eos)
include development of a lidar facility to conduct scientific experiments
from a polar orbiting platform. A recomrended set of experiments to meet
the Eos scientific investigations has been scoped by the Laser Atmospheric
Sounder and Altimetry (LASA) panel, which includes techniques of atmospheric
backscatter (Lidar), Differential Absorption Lidar {DIAL), altimetry, and
retroranging. For the DIAL experiments, which include measurements of the
vertical profiles of water vapor, pressure, temperature and ozone, tumable
lasers are required with fairly stringent performance requirements on
average power, spectral purity, stability and tunability over a lroad range
of the electromagnetic spectrum. These requirements have been scoped by
the LASA panel menbers.

Additionally, preliminary assessments of the resources (power,
weight, volume) required by the Eos Lidar Facility have been conducted.
These assessments included trade-off studies between various telescope
diameters, laser transmitter technologies and optical receiver systems. An
obvious approach to reduce the weight, power and volume required from the
Eos space platform is to incorporate elements of the newly emerging tunable
solid state laser technology.

In response to Eos and other techmnological needs, a research program
in tunable solid state laser technology has been developed at the NASA
Langley Research Center. This research program includes laser materials
development, modeling and experiments on the physics of solid state laser
materials, and development of solid state laser transmitters with a strong
focus on Eos scientific investigations. In this paper, we will discuss
sane of the system studies that have been conducted which highlight the
payoff of solid state laser technology for the Eos scientific investiga-
tions. Additionally, a summary of same promising research results which
have recently emerged from our research program will be presented, and will
be used to project the future research and development program required to
bring this promising technology to fruition for the Eos era.

Although an important goal of the solid state laser research program
is for the develocpment of tunable laser technology for the Eos lidar
facility, there are other important applications, including the NASA Global
Tropospheric Research Program and interesting technological experiments
from the Space Shuttle and NASA high flying aircraft. Comments will be
offered in this presentation on some future possibilities in technological
experiments that can be conducted on these platforms.
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COHERENT LIDAR TECHNOLOGY FOR GLOBAL WIND PROFILING

{

R. Milton Huffaker

Coherent Technologies, Inc.
P.0. Box 7488
Boulder, Colorado 8030&6&-7488
usA

INTRODUCTION
Coherent lidar systems are proven sensors for atmospheric

wind measurement. Ground-based and airborne CW and pulsed CD2
systems have been developed and applied to several wind measuring

applications. Analytical and hardware feasibility studiest -
indicate the feasibility of measuring the global wind field from
a space platform. Global wind profiles are a needed input to

global circulation models for improved weather forecast accuracy.
A recent wor kshop sponsored by NASA on "Glaobal Wind
Measurements,"” in August, 1985 recommended tha development of a
space-based global wind profiling system.

GLOBAL AERDSOL BACKSCATTER

The most critical unknown in the design of a Global Wind
Profiling System is the aerosol backscatter cross section for the
selected laser wavelengths. For the CD2 laser a wavelength of
?.11 microns was recommended. A Global Backscatter Experiment
(GLOBE) 1is planned by NASA to develop a global model of aerosol
backscatter. Several existing lidar systems have been and can be
utilized to obtain this data base.

NDAA has obtained a 3-year set of aerosol backscatter
profiles at 10.6 microns in the Boulder, Colorado area, using a
100 md/pulse coherent CO2 TEA lidar.* The 95%Z backscatter value
was found to be SE-11 1/m 1/sr for an 8-km altitude.

JPL has measured aerosol backscatter profiles at 9.25 and
10.6 micron wavelengths in the Los Angeles area for approximately
2 vyaars.' These data indicate a significant increase in
backscatter at 92.250 microns in the upper troposphere. The 95%
backscatter values at S5~km altitude were found to be 4E-11 and
4E-12 1/m 1/sr at 9.25 and 10.6 microns, respectively.

The Royal Signals and Radar Establishment lidar group has
obtained aerosol backscatter profile data at 10.6 microns using
an airborne CO2 CW lidar. Considerable data have beasn taken aver
the British Isles and the North Atlantic for the past 3 years.

Ground-based and airborne CW and pulsed CO2 lidar systems
have been used by NASA-MSFC to obtain aerosol backscatter data.

TROM. HUFFAKER,  NOAA TECH. MEMO. ERL WFL-37 SEPT 1978

*M.J. POST, AFFLIED OFTICS, VOL. 23, NO. 15, AUG 1984

VR.T. MENZIES, M.J. KAVAYE, F.H. FLAMANT, D.A. HANER, APRLIED
OFTICS, . VOL. 23, NO. 15, AUG. 1984
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A Jjoint experiment between NASA and CSIRO, to measure
aerosol backscatter in the Southern Hemisphere, is under way in
Melbourne, Australia using a NASA-MSFC CW coherent CO02 lidar
operating on a CSIRD aircra+ft. Ground-based aerosol backscatter
profiles will also be obtained using a ruby and a pulsed C02
lidar. The CSIRO aircraft will be equipped with aerosol sampling
instruments such as optical particle counters and cascade
impacters.

Aerosol backscatter data are needed in the Southern
Hemisphere where aerosol concentrations are expected to be
minimal. The current aerosol backscatter data set is primarily
in the mid-latitude northern hemisphere. The NASA GLOBE program
should answer this critical design parameter for a global wind
profiling system.

COHERENT LIDAR HARDWARE TECHNOLOGY

The NOAA 2 J/pulse CD2 injection-locked TEA lidar is the
most engineered coherent TEA lidar presently in operation. This
lidar is being used for meteorolagical research and includes a
hardware processor and real-time color displays.

The JPL 2 J/pulse injection-locked €02 TEA lidar has been
used primarily for aerosol backscatter measurement but is now
capable of wind observation.

The Air Force Geophysics Laboratory is developing an e—-beam
excited 2 J/pulse COZ TEA lidar for wind and aerosol backscatter
measurement.

The recommended laser power for a glabal wind profiling
system is 10 J/pulse. Current CO2 lidar systems are
demonstrating 2 J/pulse capability. Scaling to 10 J/pulse should
not be a major consideration. The required life-—-time in space is
now the critical hardware issue.

It now seems possible to develop a Nd:YAG coherent lidar.
Components have been stabilized at Stanford University. A solid-
state laser source, the most critical element in a solid- state
coherent lidar, is now possible for coherent Doppler
measurements. The system problems that need to be solved are
significant but should be solvable. Coherent Technologies, . Inc.
has plans to develop a 0.5 J/pulse coherent Nd:YAG lidar for wind
and aerosol backscatter measurement. Eyesafe wavelength solid-
state coherent lidar systems also appear to be feasible.

Coherent lidar technology continues to advance rapidly.
Current systems are certainly scalable to satellite conditions.
Technology assessments continue to indicate the feasibility of
measuring the global wind field from a space platform.
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DEVELOPMENT OF A HIGH-ALTITUDE AIRBORNE DIAL SYSTEM--THE
LIDAR ATMOSPHERIC SENSING EXPERIMENT (LASE)

E. V. Browell, W. R. Vaughan, W. M. Hall, J. J. Degnan@,
R. D. Averill, J. G. Wells, D. E. Hinton, and J. H. Goad

NASA Langley Research Center
Hampton, Virginia, 23665-5225, USA

The ability of a Differential Absorption Lidar (DIAL)
system to measure vertical profiles of H,0 in the 1owe13r3
atmosphere has been demonstrated both in ground-based ™~ and
airborne* > experiments. In these experiments, tunable
lasers were used that required real-time experimenter control
to locate and lock onto the atmospheric H,0 absorption line for
the DIAL measurements. The Lidar Atmospheric Sensing
Experiment (LASE) is the first step in a long-range effort to
develop and demonstrate an autonomous DIAL system for airborne
and spaceborne flight expe