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Introduction

We outline here our research program to develop an
optimized critical design for a Raman lidar system for
measuring daytime profiles of atmospheric water vapor.
The Raman lidar technique is a leading candidate for
providing the high-resolution, day-night profiling of water
vapor that is critical to programs in global climate change
research. Because of the crucial role that water vapor
playsdirectly in the earth’s radiation budget as an absorber,
as well as its role in cloud formation and optical
phenomenology, accurate, three-dimensional
measurements of water-vapor concentration are an
essential part of the experimental capability that we
anticipate will be required for climate-change research.

Raman lidar is currently used to perform meteorologically
important, sustained, reliable nighttime profiling of water
vapor; typical configurations yield random uncertainties of
lessthan £10% outto ranges of 7 kmin 2-minute integration

periods with range resolution on the order of 100 m (Melfi
and Whiteman 1985; Melfi et al. 1989; Whiteman et al., in
press). Daytime measurements are much more difficult
because of the difficulties inherent in detecting the weak
Ramansignal against solar backgrounds. Demonstrations
to date have been limited to ranges on the order of 1 km
(Petri et al. 1982; Renaut et al. 1980; Renaut and Capitini
1988).

This paper will describe our development of a solar-blind
Raman lidar capable of extended-range daytime profiling
of atmospheric water vapor. The first part of the paper will
describe the principle of solar-blind operation and discuss
the computer model being developed to guide optimization
of the instrument configuration. The second part of the
paper will focus on an overview of the laboratory research
being performed to support the model and instrument
development. Finally, we will describe our participation in
SPECTRE (Spectral Radiance Experiment), a major field
experiment held during the fall of 1991.
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lidar system parameters. It also takes into account attenu-
ation by suifur dioxide, nitrogen dioxide, oxygen (in the
weak Herzberg | band), Rayleigh scattering, and aerosols,
in addition to ozone. While our preliminary estimate is that
the optimum excitation wavelengthis likely to be in the 260-
264 nm range [in reasonable agreement with Petri et al.
(1982), Renaut and Capitini (1988), and Grant (1991)]
considerable additional work is required before a definitive
result can be provided.

The most attractive laser sources for UV lidar systems are
excimer lasers (KrF at 248 nm, XeCl at 308 nm, and XeF
at 351 nm) or harmonics of Nd:YAG lasers (third harmonic
at 355 nm and fourth harmonic at 266 nm). Because
Nd:YAG systems currently cannot approach the average-
power capabilities of excimer systems, we have concen-
trated on the latter. Unfortunately, it is already fairly clear
that the optimum wavelength falls between 248 nm and
308 nm, and thus we are exploring the capabilities of a
Raman-shifted KrF laser. Table 1 lists some likely candi-
dates for Raman-shifting gases, their Raman shifts, and
the resulting wavelengths of the lidar return signals. Hydro-
carbons present potential difficulties because photolysis
can lead to soot formation in the Raman-shifting cell, which
in turn can lead to window damage. As a rule of thumb,
photolytic effects increase with the “complexity” of the
hydrocarbon. We have included methane and deuterated
methane in the table, but even they are unlikely to be
suitable for high-average-power applications.

Ourinitial laboratory explorations are focused on exploring
the performance of a high-average-power system using
nitrogen as the Raman-shifting gas and looking into such
considerations as forward vs. backward scattering effi-
ciencies and beam characteristics, optimization of a given
Stokes order, and single-cell vs. oscillator-amplifier con-
figurations. Other laboratory explorations will focus on
concerns related to atmospheric absorption and fiuores-
cence characteristics that are identified during the course
of our program.



