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Remote measurements of path-integrated l i q u i d  water and p rec ip i t ab le  
water vapor were made continuously during the Marine Stratocumulus Inten- 
s i v e  F ie ld  Observations (IF01 from 1 - 19 J u l y  1987. 
w i th  a three-channel (20.6, 31.65 and 90.0 GHz) microwave radiometer whose 
antenna was directed toward the  zeni th .  
a continuous record of the total  v e r t i c a l  moisture substance,  i. e. both 
l i q u i d  and vapor, passing overhead. Fig. la shows hourly averages of t h e  
vapor and l i q u i d  amounts passing over t h e  radiometer during t h e  three week 
experiment. As expected, amounts of ver t ica l ly- in tegra ted  l i q u i d  water 
contained i n  t h e  marine stratocumulus were r e l a t i v e l y  small but  highly 
va r i ab le  (see table I). 
day's time is shown i n  f i g u r e  lb. 

Observations were made 

A s  a result, t h e  radiometer provided 

An example of t h e  typ ica l  v a r i a t i o n  observed during a 

Since one goal  of t h e  FIRE pro jec t  is t o  improve our  understanding of 
t h e  r e l a t ionsh ips  between cloud microphysics and cloud r e f l e c t i v i t y ,  it 
is important t h a t  t h e  accuracy of remote l i q u i d  measurements by microwave 
radiometry be thoroughly understood. 
s ince  t h e  uncer ta in ty  i n  t h e  absolu te  value of the  radiometr ic  l i q u i d  
measurement is greatest a t  low l i q u i d  water conten ts  (td. 1 mm). However, it 
should be stressed t h a t  although uncer ta in ty  e x i s t s  i n  t h e  absolu te  value of 
l i q u i d ,  it is  well known t h a t  t h e  observed radiometr ic  s igna l  is proport ional  
t o  t h e  amount of l i q u i d  i n  the  antenna beam. A s  a r e s u l t ,  changes I n  amounts 
of l i q u i d  are known t o  greater accuracy than t h e  absolu te  value,  which may 
contain a bias. I n  t h i s  paper, an assessment of t h e  l i q u i d  measurement 
accuracy attained a t  San Nicolas I s land  (SNI) is presented. 

The quest ion is p a r t i c u l a r l y  re levant  

The vapor and l i q u i d  water data shown i n  Fig.  1 were computed from 
t h e  radiometric br ightness  temperatures using statist ical  r e t r i e v a l  algo- 
rithms (Hogg e t  a1.,1983). 
customarily derived from g p r i o r i  radioscnde data f o r  t he  area where t h e  
measurements are performed. However, f o r  the  data reported here, t h e  
r e t r i e v a l  c o e f f i c i e n t s  were derived from t h e  69 soundings made by Colorado 
State University during t h e  SNI observations.  
and l i q u i d  measurements include cross- ta lk  i n  t h e  r e t r i e v a l  algorithm (not 
a f a c t o r  a t  low l i q u i d  conten ts ) ,  u n c e r t a i n t i e s  i n  t h e  br ightness  temperature 
measurement, and u n c e r t a i n t i e s  i n  t h e  vapor and l i q u i d  a t t enua t ion  coef- 
f i c i e n t s .  The r e l a t i v e  importance of these e r r o r s  is discussed. For t h e  
r e t r i e v a l  of path-integrated l i q u i d  water, the  greatest uncer ta in ty  is caused 
by the temperature dependence of the absorpt ion a t  microwave frequencies.  A s  
a r e s u l t ,  t he  accuracy of statistical r e t r i e v a l  of l i q u i d  depends t o  large 
measure upon how representa t ive  t h e  g p r i o r i  radiosonde data are of t h e  
condi t ions preva i l ing  during t h e  measurements. 

The regression c o e f f i c i e n t s  i n  t h e  a lgori thms are 

Sources of error i n  t h e  vapor 
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I n  an  at tempt  t o  c l a r i f y  t h i s  quest ion,  the  microwave radiometer 
measurements a t  SI1 were supplemented by an in f r a red  ( I R )  rad&ometer modified 
for measurement of cloud-base temperature. 
means t o  incorporate  continuous measurements of t h e  l i q u i d  temperature i n t o  
the  r e t r i e v a l  process. 
the  t o t a l  absorpt ion due t o  water vapor and l i q u i d  water through an  empirical 
r e l a t ionsh ip  between absorpt ion by vapor and t h e  in tegra ted  water vapor 
obtained a t  SNI during clear weather. 
l i q u i d  water is converted t o  the  amount of path-integrated l i q u i d  using 
recent  formulat ions f o r  dielectric constant  (Liebe, 1988) a t  t h e  l i q u i d  
temperature ind ica ted  by t h e  I R  radiometer. Table I1 presents  ca l cu la t ions  of 
amounts of l i q u i d  water ca lcu la ted  by (1) statistical inversion,  and (2) 
taking i n t o  account the  temperature of the  l i qu id .  Although comparative 
l i q u i d  amounts do no t  differ greatly, va lues  obtained using the l i q u i d  
temperature are about 5 percent higher. I n  t h e  remainder of t h i s  paper, t h e  
t rend  f o r  t he  e n t i r e  data set is examined. 

Thus, the  I R  sys tem provides the  

The method involves  separa t ion  of t he  con t r ibu t ions  t o  

The excess  a t t enua t ion  caused by the  
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Table I - Sta t i s t ica l  Summary of Precipitable Water Vapor 
and Vertical Integrated Liquid Water Recorded a t  
San Nicolas I s land ,  1-19 J u l y  1987 

Quant i ty  - Mean Coeff. of Var. --- Std. Dev. 
-_c 

Water Vapor 1.903 cm 0.538 cm 28.84 I X  

L i q u i d  Water 0.077 mm 0.108 mm 114.30 P 
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Table 11 Comparison of Integrated Liquid Water Calculated 
by S t a t i s t i c a l  Inversion and by Taking Liquid 
Temperature into Account 
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Figure la. Hourly averages of prec ipi table  water vapor and 
v e r t i c a l  integrated l i q u i d  water measured a t  San Nioolas 
Island,  1-19 July 1987. 
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Figure l b .  Variation of precipitable water vapor and l i q u i d  
water for 16 July 5987. 
averages. 

Data values are one minute 

298 


