
Abstract 
C i c l o u d s  are known to have a signhicant impxt on 

climate. yet large " i n t i e s  remain in the radiation budget 
due to clouds and thei radiative pmperties. We present 
results of preliminary laboratory experiments designed IO 

resolution in the vicinity of watu vapor ahsorphon features 
at 1.37 p. In addition IO the f u " n t a l  impoltarw of 
determining the radiative ppetties of ice clouds, these 
experiments chamclerize the e f f a  of ice particles on the 
pfor"~, pncision and ~ccuracy of an in situ near- 
infrared specaomter, the JPL Laser H y p m t e r  (JLH). 
JLH scans ~closs a smng water vapor absorption line at 
1.37 p wavelength in an open path sample cell to measure 
atmospheric watet vapor. The DC-8 mounted JLH is shown 
infigure I .  

'he extent of radiative interfeatme effects of ice crystals 
on JLH measurements within cirms clouds is quantified 
here. 

measure near-infrared SCaDering phenomena at high spectral 

Figure I The JPL Laser Hygometer (ILH) is maunted on the fuselage 
of the NASA Dc-8 aircraft l l ~  inrlmment shown has M oplicsl path 
length of 50 cm. Other wnions haw path lengths of up 10 I I20 cm. 

Procedure 
An ice cloud was generated in the UCLA c lod  chamber, 

the schematic layout of which is s h m  in figure 2. cooled to 
below 41°C. the homogeneous nucleation temperame of 
water. The chamber is a carosion resistant steel box with a 
volume of approximately 1.35 ma, which is roughly cubical. 
?he steel chamber is surmunded by Styrofoam, which is 
approximately 0.2m thick. The assembly is enclosed in a 
plywood outec shell. A 30 by 30 cm widow on the top of the 
chamber exposes the top of the ice cloud for s a y .  'he 
chamber is cooled by placing dry ice directly on the top of the 
stainless steel box in a 15 cm gap between the top of the steel 
box and the plywood. This method is very effective at cooling 
the chamber fairly evenly with only a few degrees t e m p "  
grad i t  bctween cop and bc". When a c lod  is formed it's 
top surface lies at the level of the widow and is stable due to 
the sharp temperature difference between cloud and mom 
atmosphere 

Data and Results 

f i ~ u r c  2 Schematic representation of the UCLA cloud nbcr. ILH 
is-completely svbmrged 10 Iho chamber to eliminate elfesls of mom 
sir water YW abswpion. 

The cloud is formed by injecting water droplets generated 
by a commrcial ha;lsehold humidifm which generates the 
droplets u l a h c a l l y .  

The drc@s.s freeze into dmxtals, with a mean size of 7 
pdia", uponcontactwiththecoldair. Lightattcnuation 
was measured Simultanewsly by JLH placed inside the 
chamber and by a visible (mi) diode laser and deecbx. To 
ex- any meaningful data, the microphysical pmperties of 
the ice cloud and the particle concentmion at each moment 
in time needed tobe measured. 

Following the procedure of Barkey et al., zo00, replicas 
of ice crystals wen made immediately before and after 

by allowing a sample of crystals to fall upon a laboratory 
slide coated with a panially dissolved layer of acrylic. As 
the solvent evaporated. replicas of the crystals were made in 

A sample is shown in figure 3. Tbe replicas were saLdied 
micmqically to determine size distribution. By measuring 
the amount of visible Iaser light extinction, and using the 
derived ice crystal size distribution. an estimate was made 
of the patticle concentmion as a function of time. 

r e t l e c t a n c e m w " a & .  lliswasa"plishcd 

the acrylic 

figurc 4 Lsser detector prwcr vs frequency at several times 
during ice cloud dissapsiion for the case whcre NIR lascr 
k a m  lmvels a shon distance lhmugh mom air. There is 
substantial absorption at 1.37~1~ 

figure 3 Phaomicmgraph of dmrlnls "pled fmm the UCLA Claud 
chsmber during the repled experiment. The leh m right dimension 
offAisimagcis2OJw. 

Theory 
By measuring the amount of NIR laser light extinction, and 

using the measured ice crystal size distribution, a determination 
can be made ofthe particle concentration at any time. This is 
done by calculating an extinction coefficient, k x t ,  from a 
measurement of the laser extinction and the equation: 

I 11, ~ e-Be*NL 

Where I is the measured intensity of the NIR beam after passing 
through the ice cloud, Io is the measured intensity in the absence of 
cloud, L is the path length through the cloud, and N is the particle 
concentration. 

X h T 1  xwm 

figure 5 Right . Laser deteclor power vs frequency YS lim for case where NIR laseer k a m  i s  
complevly submerged in the ice clwd 
Lek. Absoqxion rocfticienl. 8. as I function of frequency. 

Data and ,Results 
The expermat was mnductedwiththe JLH in two 

dilferen~ oriemdions. An inital saies of experiments were 
ccmbed with the JLH NIR lasa beam origidng from 
outside the cloud chamber and parallelling the path of the 
visible red Iaser. The results of this "od are shown in 
figure 4 where it can be seen that m for the shon psth 
lengththroughtheroomairabovetheclou4thReissubstantial 
aaenuarion at the 1 . 3 7 ~  absorption Line. 

Conclusions 
0 We have demonstrated a technique for measuring NIR 

extinction by laboratoly ice particles (up to 3.5 m-1). 
0 The ice crystal generared in the cloud chamber were droxtals 

withamean maximum size Of 7 inn. 
0 We have demonstrated that the extinction mthcient. D, is 

independent of wavelength over the wavelength range we 
are studying. 

0 Using the o b ~ e ~ e d  sample size distribution, we are able to 
calculate particle ~ n m t i o n  from NIR extinction. 
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