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Abstract 

Raman lidar is a leading candidate for providing the detailed 
space- and time-resolved measurements of water vapor needed by 
a variety of atmospheric studies. Simultaneous measurements of 
atmospheric water vapor are described using two collocated Raman 
lidarsystems. These lidarsystems, developed atthe NASA/Goddard 
Space Flight Center and Sandia National Laboratories, acquired 
approximately 12 hours of simultaneous water vapor data during 
three nights in November 1992 while the systems were collocated at 
the Goddard Space Flight Center. Although these lidarsystems differ 
substantially in their design, measured water vapor profiles agreed 
within 0.15 g kg 1 between altitudes of 1 and 5 km. Comparisons with 
coincident radiosondes showed all instruments agreed within 0.2 g 
kg~1 in this same altitude range. Both lidars also clearly showed the 
advection of water vapor in the middle troposphere and the pro-
nounced increase in water vapor in the nocturnal boundary layerthat 
occurred during one night. 

1. Introduction 

Detailed measurements of the distribution of water 
vapor in the atmosphere are needed for a variety of 
scientific inquiries, including global climate change 
and related issues in radiative processes [water vapor 
is the major greenhouse gas in the atmosphere 
(Twomey 1991)], and studies of a variety of atmo-
spheric processes such as cloud formation and atmo-
spheric circulation. The Raman lidar is a leading 
candidate for an instrument capable of the detailed 
time- and space-resolved measurements required by 
these and other studies. We describe simultaneous 
nighttime measurements of water vapor profiles using 
two collocated Raman lidar systems. We believe that 
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this is the first detailed intercomparison of chemical 
species measurements performed using multiple 
Raman lidar systems, and that the agreement be-
tween measurements made using the two indepen-
dent systems provides a striking example of the 
capability of the Raman lidar technique. 

Raman lidar operates by sending out a laser pulse 
and recording the atmospherically backscattered re-
turn signal as a function of time to provide range 
information. The return signal consists of an elastically 
scattered part that is useful for profiling cloud heights, 
aerosols, and the planetary boundary layer, and 
inelastically scattered parts that provide chemically 
specific profiles such as water vapor. The inelastic 
scattering utilized here is the result of the rotational-
vibrational Raman effect that shifts the incident wave-
length by a frequency characteristic of the molecule 
(3652 crrr1 for water vapor and 2331 cnr1 for molecu-
lar nitrogen). Simultaneous measurement and subse-
quent ratioing of the water vapor and nitrogen Raman 
signals provides a quantitative measurement of the 
water vapor mixing ratio (grams of water vapor per 
kilogram of dry air), as first demonstrated by Melfi et 
al. (1969) and by Cooney (1970). The capabilities of 
Raman lidar systems have steadily improved by tak-
ing advantage of technological advances, particularly 
those in laser systems (Melfi and Whiteman 1985; 
Melfi et al. 1989; Ansmann et al. 1992). 

Throughout the development of Raman lidar sys-
tems, the performance of these systems has normally 
been assessed by using radiosondes as a "standard" 
for comparison. Unfortunately, radiosonde packages 
are by no means ideal standards, showing significant 
variability among different types of radiosonde humid-
ity sensors at cold temperatures as well as different 
reporting procedures at low relative humidities 
(Schmidlin 1989). An additional difficulty is introduced 
by the fact that balloon-borne packages follow local 
winds as they ascend; thus, the laser beam and the 
radiosonde package do not necessarily sample the 
same portion of the atmosphere. 
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