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Ground and satellite based measurements of microphysical and optical parameters of cloud are analysed for three tropical 
locations Kolkata, Guwahati and Bangalore during the year 2006 to find an interrelation between cloud optical depth, cloud 
effective radius, cloud liquid water content and rain. The present study suggests that a relation exists between cloud effective 
radius and cloud liquid water content. A minimum threshold of cloud optical depth is required for the precipitation to 
initiate. However, the threshold value depends on weather conditions of the tropical location. Cloud droplets with effective 
radii above 8 micron are mostly effective for the rain formation. Again, a threshold value of 5 is obtained for cloud optical 
depth for precipitation formation. There also exists a positive relation of accumulated rainfall with cloud effective radius and 
cloud optical depth as observed at a particular location. 
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1 Introduction  

 The knowledge of optical and microphysical 
properties of cloud and their variations in space and 

time is crucial as cloud strongly modulates the energy 
balance of Earth1 and its atmosphere through their 
interaction with terrestrial radiation as demonstrated 

from modeling studies. The relationship between 
thermodynamic structure of the atmosphere and the 
large scale circulation is the main determining factor 

for distribution and properties of cloud in the tropics. 
The temperature and moisture profile of the tropical 
atmosphere is influenced by the interaction between 

the cloud and general circulation and thereby, the 
climate of the Earth is influenced2. The change in 
cloud amount and vertical structure for climate 

change is indicated by General Circulation Model 
(GCM) simulations with a cloud feedback, which 
enhances global warming3-5. Changes in cloud water 

content and optical thickness studies suggest that the 
change in cloud optical properties may result in a 
negative feedback comparable in size to the positive 

feedback associated with cloud cover changes6,7. 

None of the GCM simulations to date include 

corresponding changes in cloud microphysical 
properties (e.g. particle size), which could easily 
influence conclusions so far obtained8,9. Numerous 

studies have been done on cloud optical depth and 
cloud effective radius with visible and near-infrared 
radiometers on aircraft10-18 and on satellites19-21. The 

basic theory, revealed from all the above studies, is 
that the reflection function of water absorbing band of 
cloud is a function of cloud particle size in the near 

infrared region. The reflection function of non 
absorbing band of cloud is a function of cloud optical 
depth in the visible region. Short-wave optical 

properties (i.e. optical depth, single-scattering albedo 
and asymmetry parameter) of water clouds are 
considered using several cloud drop distributions, as 

GCM radiation schemes need optical properties of 
clouds, which depend on the size distribution of cloud 
particles22. Presently, some of the studies use constant 

value of cloud effective radius23. However, in another 
study, a scheme of expressing optical depth, single-
scatter albedo and asymmetry as functions of liquid 
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water content and effective radius is shown24. But 
these microphysical properties are not independent of 
each other. Modifications are made by expressing the 

effective radius as a linear function or a cubic root of 
liquid water content25. From all the parameterizations 
above, it is very clear that the effective radius does 

not depend upon the total droplet concentration. 
Realistically, effective radius depends simultaneously 
upon liquid water content, total droplet concentration 

and entrainment and mixing which can be supported 
by reports of the literature. An investigation shows the 
relationships between the effective radius, liquid 

water content and total droplet concentration using 
microphysical data from subtropical marine 
stratocumulus, continental and maritime convective 

clouds and hill cap clouds in middle latitudes26. 
According to that investigation, there is a ‘1/3’ power 
law between the effective radius and liquid water 

content with the pre-factor depending on cloud types 
and total droplet concentration. Although, 
experimental evidence has been found for this ‘1/3’ 

power law, the theoretical explanation is not 
available. Thus, the effective radius of the cloud 
droplets was found to be a robust parameter for a 

given environment and cloud depth. Some 
investigations on the relation between cloud water 
content, effective radius and cloud depth in the 

various aerosol regimes have been done which 
provide insights into some profound physical 
processes that dominate the evolution of the clouds 

drop size distributions27. The relationship between 
cloud optical parameters and rain intensity at the 
ground is investigated and the result shows a positive 

correlation between rain intensity and optical 
thickness, in the range of the data (τ < 60 and rain 
intensity < 20 mm h-1)28.  
 

 The method of deriving optical depth and cloud 
effective radii from infrared and microwave 
radiometry and validating the technique with in situ 
aircraft measurement is available in the literature29. 
However, multi-layer cloud cannot be handled with 
the same, as the ground based measurements are of 
low resolution. The method of single measurement of 
RADAR reflectivity is used for deriving cloud liquid 
water content (LWC) and effective radius30. Tropical 
region has got special importance as there is a strong 
seasonal variation of climate parameters. Quite a 
number of studies have been done for investigating 
cloud optical and microphysical parameters but no 

investigation has been made to find the interrelation 
between cloud optical and microphysical parameters 
for the tropical region in order to indicate the 
possibility of prediction of cloud LWC and rainfall. 
 In the present study, an attempt has been made to 
find an interrelation among cloud optical depth, 
effective radius of cloud droplets, cloud liquid water 
content and rainfall at three Indian locations, namely, 
Kolkata, Guwahati and Bangalore to investigate the 
interactive role played by the optical and 
microphysical properties of cloud in the formation of 
rain at the tropical region. 
 

2 Instrument characteristics 
 MODIS is a 36-band scanning spectro-radiometer. 
Four of these, visible (0.645 µm) and near-infrared 
(1.64, 2.13, and 3.75 µm) spectral bands are used in 
daytime shortwave cloud retrieval algorithm over land 
surfaces, with 0.858 or 1.240 µm, replacing 0.645 µm 
over ocean and bright snow/sea ice surfaces, 
respectively. Other bands in the thermal region, such 
as 8.55, 11.03, 12.02, 13.335, 13.635, 13.935 and 
14.235 µm bands, are used for cloud cover and cloud 
top properties (including cloud top altitude, cloud top 
temperature and thermodynamic phase).  
 Radiosonde balloon is released from a location over 
which characteristics of the troposphere are desired to 
be known. Radiosonde measurements are obtained 
twice a day at around 0000 and 1200 hrs GMT (0630 
and 1830 hrs IST) by the India Meteorological 
Department at Kolkata, India (22°34'N, 88°29'E). 
 

3 Theoretical basis 

 Cloud optical thickness and effective radius are the 
two parameters that are exclusively required to 

determine shortwave cloud radiative properties. 
Therefore, parameterization of these properties 
requires a global data base. Such data seem only to be 

derivable from space borne remote sensing 
observations. Therefore, MODIS is ideally suited to 
cloud remote sensing applications and retrieval 

purposes. Although remote sensing methods for the 
determination of cloud optical and microphysical 
properties are acceptable, more theoretical and 

experimental studies are required in order to assess 
the soundness and accuracy of these methods when 
applied to measurements on a global scale. The 

asymptotic theory13 for the determination of cloud 
optical thickness has demonstrated the theoretical 
foundation of the optical thickness determination and 
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its efficient implementation to experimental 
observations. Success of this method lies in 
incorporating the component of multi-wavelength 

algorithm for simultaneously determining the cloud 
particle phase, optical thickness and effective particle 
radius. In spite of all the above, more aircraft 

validation experiments are required in order to assess 
the validity of these methods, as many factors affect 
the successful retrieval of these parameters when 

applied to real data in a real atmosphere. 
 

 A radiative transfer model is first used to compute 
the radiance to retrieve the cloud optical thickness and 
effective particle radius. To normalize the radiance, 

λI (0,-µ,φ) at wavelength λ in terms of the incident 

solar flux F0(λ), such that the reflection function  

R
λ (τc, re, µ, µ0, ϕ) is defined by: 

 

R
λ(τc, re, µ, µ0, ϕ) =
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where, τc, is the total optical thickness of the 
atmosphere (or cloud); re, the effective particle radius: 
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where, n(r) is the particle size distribution; and r, the 
particle radius; µ0, the cosine of the solar zenith angle; 

µ, the absolute value of the cosine of the zenith angle, 
measured with respect to the positive direction; and ϕ, 

the relative azimuth angle between the direction of 

propagation of the emerging radiation and the incident 
solar direction. 
 

 For a sufficiently optically thick cloud, numerical 

results for the reflection function must agree with 
known asymptotic expressions. The reflection 
properties of optically thick layers depend essentially 

on two parameters: the scaled optical thickness, 

τc′,  and the similarity parameter, s, as suggested by 
numerical simulations as well as asymptotic theory, is 

defined by: 
 

τc′ = (1 − ω0g)τc …(3) 
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where, g, is the asymmetry factor; and ω0, the single 
scattering albedo of a small volume of cloud air. In 
addition, the reflectance properties of the Earth 
atmosphere system depend on the reflectance (albedo) 
of the underlying surface. The similarity parameter, in 
turn, depends primarily on the effective particle 
radius. In addition to the scaled optical thickness, the 
similarity parameter and the reflectance of the 
underlying surface, the details of the single scattering 
phase function affect the directional reflectance of the 
cloud layer. Realistically, reflection function is not 
dependent on the exact nature of the cloud particle 
size distribution, depending primarily on the effective 
radius and to a lesser extent on the effective variance.  
 

 For a band with a finite bandwidth, Eq. (1) must be 
integrated over wavelength and weighted by the 

band’s spectral response f (λ) as well as by the 

incoming solar flux F0(λ). Hence, Eq. (1) is  
written as: 
 

R(τc, re, µ, µ0, φ) = 
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 Values of the reflection function must be stored at 
three geometrical angles: optical thicknesses, 
prescribed effective particle radii, and surface 
albedos. This forms a rather large lookup table and 
potentially causes sorting and computational 
inefficiencies. The determination of total optical 
thickness and effective particle radii from spectral 
reflectance measurements constitutes the inverse 

problem and is typically solved by comparing the 
measured reflectance with entries in a lookup table 
and searching for the combination of total optical 
thickness and effective particle radii that gives the 
best fit.  
 
3.1 Salonen model for obtaining liquid water content 

 The liquid water content is not generally an 
observable quantity. A two-part calculation method 
has been used in diagnosing the weather forecast 
model. The first part contains the cloud detection 
using a critical humidity function and the second part 
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contains the determination of the liquid water content. 
Based on this approach, the critical humidity, as 
defined by Geleyn31, has been used for the detection 
of clouds at each pressure level. According to Geleyn, 
the critical humidity function is given by: 
 

Uc=1-α.σ(1-σ).[1+β (σ-0.5)] …(6) 
 

where, the parameters, α = 1.0; and β = 1.732; and σ, 
is the ratio of the pressure on the considered level and 
at the surface level.  
 If the measured humidity (U) is higher than the 
critical humidity (Uc) at the same pressure level, the 
measurement level is assumed to be in cloud. The 
linear interpolation has been used for the calculations 
of the base and top of the clouds. Within cloud layers, 
the water density w (g m-3), is a function32 of the 
height, h (m) and air temperature, t [°C]: 
 

w = wo {(h-hb) /hr}
a
 (1+c.t) for t >=0°C; and 

w = wo {(h-hb) /hr}
a 
exp(ct)  for t <0°C …(7) 

 

where, wo = 0.17 [g m-3]; c = 0.04 [1/°C]; hr = 1500 
[m]; hb = cloud base height [m]; a = 1.0, is the 
parameter for height dependence.  
The cloud liquid water density, wl is given by: 
wl(t,h)=w(t,h) pw(t)  ...(8) 
where, pw(t), is liquid water fraction and is 
approximated by the function: 
 

pw(t) = 1   for 0°C<t 

 = 1+t/20  for -20°C< t< 0°C; and 

 = 0   for  t< -20°C …(9) 
 

It is evident from the above liquid water fraction pw(t) 
and cloud liquid wl [g m-3] that for temperature above 
0°C, only cloud liquid water exists and below –20°C 
temperature, only solid water exists and in the 
intermediate temperature (i.e. -20°C<t<0°C), both 
may exist. 
 After getting the cloud liquid water, the amount of 
liquid water can be obtained by integrating the liquid 
water density over the corresponding height.  
 

Cloud liquid water = ∫wl(t,h) dh  

= ∫w(t,h) pw(t) dh [g m-2] …(10) 
 

where, terms being their usual meanings. 
 

4 Data  
4.1 MODIS data 

 MODIS is an extensive program using sensors on 
two satellites that each provides complete daily 

coverage of the earth. The data have a variety of 
resolutions: spectral, spatial and temporal. Because 
the MODIS sensor is carried on both the terra and 
aqua satellites, it is generally possible to obtain 
images in the morning (terra) and the afternoon (aqua) 
for any particular location. Night time data are also 
available in the thermal range of the spectrum. 
Comprehensive cloud measurements were taken by 
remote sensing instruments of MODIS. Cloud optical 
thickness is a vertically integrated quantity, while the 
satellite-derived effective radius represents some 
radiative penetration depth into the cloud. The 
effective radius is preferred to mean or mode radius 
since it accounts for the size distribution of the 
droplets within the cloud. The underlying principle of 
the model is the asymptotic theory. This theory is 
based on the fact that reflectance in the non absorbing 
wavelengths (visible) is mainly a function of total 
optical thickness, while reflectance in the absorbing 
wavelengths (near and mid infrared) is governed by 
effective particle radii. For large optical thickness, the 
reflection function is close to the known asymptotic 
equations. When the optical thickness is large enough, 
total optical thickness and effective particle radii can 
be determined nearly independent of each other. The 
data are used in this study for effective radius, cloud 
optical depth and liquid water path for the year 2006 
for three important tropical locations, viz. Kolkata, 
Guwahati and Bangalore.  
 

4.2 Radiosonde data  

 Meteorologists measure atmospheric conditions 
from the earth's surface to an altitude of 
approximately 30 km above sea level through twice 
daily radiosonde ascents. These balloon-borne 
instruments are sent aloft just prior to 0000 and  
1200 hrs UTC on each day. During their ascent, they 
radio back to the ground-based receiving station a 
nearly continuous stream of information until the 
balloon bursts at approximately 10 mbar. Radiosonde 
observations (also called RAOB) include the observed 
air temperature, pressure, moisture and wind 
information at various levels in the atmosphere. 
Within two hours after the radiosonde has been 
launched, the RAOB data have been encoded and 
transmitted over a communications network to the 
National Meteorological Center. At this center, the 
data can be processed for analysis on upper air charts 
and for use in numerical weather prediction models. 
To accomplish this task, all upper air stations are to 
report RAOB data for certain mandatory pressure 
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levels. To speed the transmission process, the RAOB 
operator encodes only the temperature and dew point 
data for significant pressure levels along with the 
mandatory pressure levels. The significant pressure 
levels are those points ascertained from the plotted 
sounding where a significant change in the 
temperature and or dew point profile is detected.  
 
4.3 Precipitation data 

 Archival facility of Indian Institute of Tropical 
Meteorology (IITM) for the meteorological 
observational data collected through different field 
experiments of the IITM and that received from 
different organizations is also available at the web 
portal of the Institute. The data of accumulated rain is 
taken for three important tropical locations, viz. 
Kolkata, Guwahati and Bangalore for the year 2006.  
 
4.4 Liquid water content (LWC) data 

 Salonen model is used to calculate liquid water 
content data from Radiosonde observation. 
 

5 Results  
 Cloud effective radius against cloud LWC 
calculated from Radiosonde data over three tropical 
locations Kolkata, Guwahati and Bangalore, located 
in different rain climate region, using Salonen’s 
method during the year 2006 is plotted in Fig. 1. The 
nature of variation shows that there is a clear 
functional relationship between effective radius (reff) 
and LWC. For LWC less than 500 gm m-3, effective 
radius is generally between 10 and 20 microns. When 
LWC exceeds 500 gm m-3, LWC is almost linearly 
related with effective radius. The maximum value of 
cloud liquid water content observable in India is in the 
range of 2.5 - 3 kg m-3. In the present study, compared 
to Kolkata and Bangalore, Guwahati shows a more 
prominent increasing trend of cloud effective radius 
with respect to cloud LWC.  
 The evaluation of the relationship between cloud 
parameters and rainfall amount is important for 
precipitating clouds that prevail in the tropical region. 
Again, accumulated rain amount is plotted against 
cloud optical depths for three tropical locations with 
different climatic conditions in Fig. 2. These plots 
suggest a threshold value of cloud optical depth in the 
range 2 - 5 for the formation of precipitation. The 
threshold depends on the location of the tropical 
station. Once precipitation starts, rain amount is 
linearly related with cloud optical depth. It is found 
that 70% of  the rain events occurred below  the value 

 

 
Fig. 1 — Variation of cloud effective radius obtained from 
MODIS measurements against cloud LWC obtained from 
radiosonde measurement using Salonen’s model during 2006 at: 
(a) Kolkata; (b) Guwahati; and (c) Bangalore 
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Fig. 2 — Variation of rainfall obtained from IITM measurements 
against cloud optical depth obtained from MODIS measurement 
during 2006 at: (a) Kolkata; (b) Guwahati; and (c) Bangalore  
 

 
 
Fig. 3 — Variation of rainfall against cloud effective  
radius during 2006 at: (a) Kolkata; (b) Guwahati;  
and (c) Bangalore 
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of optical depth of 15. The positive relation is clearly 
evident at rainfall greater than 10 mm. It is found that 
a greater value of cloud optical depth is required for 
Guwahati, located far away from sea coast, for the 
same amount of precipitation compared to two other 
locations. The amount of rain observed against cloud 
effective radius for Kolkata, Guwahati and Bangalore 
are shown in Fig. 3. It is seen that a minimum value in 
the range of 8-10 micron of cloud effective radius is 
required for the precipitation to form. From the 
relation between the accumulated rain amount and the 
effective radius, it is clear that 75% of precipitating 
clouds occur for the effective radius in the range of 
12-20 micron.  

 
6 Conclusion 

 The interrelationship between cloud LWC, 
effective radius and optical depth is highly varying in 
the tropical region. The rainfall amount in this region 
depends on the cloud parameter in a complex manner. 
The relationship between rainfall amount and the 
cloud parameters varies significantly from the near 
coastal location to land locked locations in the Indian 
tropical region. From the present study, the threshold 
values of cloud effective radius and optical depths are 
indicated for formation of precipitation. Also this 
study suggests that for an intense rain, cloud effective 
radius can be a decisive factor in determining total 
amount of rain. It must be emphasized that the data 
for more locations are needed to have a working 
model interrelating rainfall amount and cloud 
parameters.  

 
Acknowledgement 

 This work has been supported by the project 
“Integrated studies on water vapour, liquid water 
content and rain of the tropical atmosphere and their 
effects on radio environment” funded by Indian Space 
Research Organization, under S K Mitra Centre for 
Research in Space Environment, University of 
Calcutta. The British Atmospheric Data Centre, UK, 
has provided the access to the radiosonde data, which 
is thankfully acknowledged. 

 
References 
1 Maria João Costa & Daniele Bortoli, Cloud detection and 

classification from multi-spectral satellite data, Proc SPIE – 

Int Soc Opt Eng (USA), 7475 (2009) pp 747514-747514-10. 

2 Ringer Mark A & Allan Richard P, Evaluating climate model 
simulations of tropical cloud, Tellus (UK), 56A (2004)  
pp 308-327. 

3 Wetherald R T & Manabe S, Cloud feedback processes in a 
general circulation model, J Atmos Sci (USA), 45 (1988)  
pp 1397-1415. 

4 Stephens Graemel L, Cloud feedbacks in the climate system: 
A critical review, J Clim (USA), 18 (2005) pp 237-274. 

5 Siebesma A P, Jakob C, Lenderink G, Neggers R A J, 
Teixeria J, Van Meijjard E, Calvo J, Chlond A, Grenier H, 
Jones C, Ko¨ hler M, Kitagawa H, Marquet P, Lock A P, Ller 
F MU¨, Olmeda D & Severijns C, Cloud representation in 
general-circulation models over the northern Pacific Ocean: 
A EUROCS inter comparison study, Q J R Meteorol Soc 

(UK), 130 (2004) pp 3245-3267. 

6 Charlock Thomas P, Cloud optical feedback and climate 
stability in a radiative convective model, Tellus (UK), 34 
(1982) pp 245-254. 

7 King M D, Tsay S, Platnick S, Wang M & Liou K, Cloud 
retrieval algorithms for MODIS: Optical thickness, effective 
particle radius and thermodynamic phase, MODIS Algorithm 

Theoretical Basis Document (Goddard Space Flight Center, 
NASA, USA), 1997. 

8 Roeckner E, Schlese U, Biercamp J & Loewe P, Cloud 
optical depth feedbacks and climate modeling, Nature (UK), 
329 (1987) pp 138-140. 

9 Mitchell J F B, Senior A C & Ingram W J, CO2 and climate: 
A missing feedback? Nature (UK), 341 (1989) pp 132-134. 

10 Hansen J E & Pollack J B, Near-infrared light scattering by 
terrestrial clouds, J Atmos Sci (USA), 27 (1970) pp 265-281. 

11 Twomey S & Cocks T, Spectral reflectance of clouds in the 
near infrared: Comparison of measurements and calculations, 
J Meteorol Soc Japan, 60 (1982) pp 583-592. 

12 Nakajima T Y & King M D, Determination of the optical 
thickness and effective particle radius of clouds from 
reflected solar radiation measurements, Part I: Theory,  
J Atmos Sci (USA), 47 (1990) pp 1878-1893. 

13 King M D, Determination of the scaled optical thickness of 
clouds from reflected solar radiation measurements, J Atmos 

Sci (USA), 44 (1987) pp 1734-1751. 

14 Foot J S, Some observations of the optical properties of 
clouds, I: Stratocumulus, Q J R Meteorol Soc (UK), 114 
(1988) pp 129-144. 

15 Rawlins F & Foot J S, Remotely sensed measurements of 
stratocumulus properties during FIRE using the C130 aircraft 
multichannel radiometer, J Atmos Sci (USA), 47 (1990)  
pp 2488-2503. 

16 Nakajima T Y, Spinhirne J D & Radke L F, Determination of 
the optical thickness and effective particle radius of clouds 
from reflected solar radiation measurements, Part II: Marine 
stratocumulus observations, J Atmos Sci (USA), 48 (1991)  
pp 728-750. 

17 Masek J & Geleyn J, New parameterization of cloud optical 
properties proposed for model ALARO-0, 16th Aire Limitée 

Adaptation dynamique Développement InterNational 

(ALADIN) Workshop, Sofia, 16-19 May 2006. 

18 Nair S, Sanjay J, Pandithurai G, Maheskumar R S & 
Kulkarni J R, On the parameterization of cloud droplet 
effective radius using CAIPEEX aircraft observations for 
warm clouds in India, Atmos Res (Netherlands), 108 (2012) 
pp 104-114.  

19 Rossow W B, Gardner L C & Lacis A A, Global seasonal 
cloud variations from satellite radiance measurements, Part I: 
Sensitivity of analysis, J Clim (USA), 2 (1989) pp 419-458. 



INDIAN J RADIO & SPACE PHYS, APRIL 2013 
 
 

112 

20 Curran R J & Wu M L C, Skylab near-infrared observations 
of clouds indicating supercooled liquid water droplets,  
J Atmos Sci (USA), 39 (1982) pp 635-647. 

21 Minnis P & Young D F, Cloud microphysical properties 
derived from geostationary satellite data, Proceedings of 
EUMETSAT Meteorological Satellite Data Users’ 

Conference, (EUMETSAT, Germany), 2000, pp 299-305. 
22 Savizarvi H, Arola A & Raisenen P, Short-wave optical 

properties of precipitating water clouds, Q J R Meteorol Soc 
(UK), 123 (1997) pp 883-899. 

23 Martin G M, Johnson D W & Spice A, The measurement  
and parameterization of effective radius of droplets in the 
warm stratocumulus clouds, J Atmos Sci (USA), 51 (1994)  
pp 1823-1842. 

24 Slingo A, A GCM parameterization for the shortwave 
radiative properties of water clouds, J Atmos Sci (USA),  
46 (1989) pp 1419-1427. 

25 Fouquart Y, Buriez J C & Herman H, The influence of 
boundary layer clouds on radiation: A review, Atmos Res 

(Netherlands), 23 (1989) pp 203-228. 
26 Bower K N & Choularton T W, A parameterization of the 

effective radius of ice-free clouds for use in global climate 
models, Atmos Res (Netherlands), 27 (1992) pp 305-339.  

27 Freud E, Rosenfeld D, Andreae M O, Costa A & Artaxo A P, 
Robust relations between CCN and the vertical evolution of 
cloud drop size distribution in deep convective clouds, Atmos 

Chem Phys Discuss (Germany), 5 (2005) pp 10155-10195. 

28 Cattani E, Torricella F, Laviola S & Levizzanib V, On the 
statistical relationship between the optical and microphysical 
characteristics of clouds from AVHRR and the rainfall 
intensity derived from a new AMSU rain alghorithm, Nat 

Hazards Earth Syst Sci (UK), 9 (2009) pp 2135-2142. 

29 Taylor J P & English S J, The retrieval of cloud radiative and 
microphysical properties using combined near infrared and 
microwave radiometry, Q J R Meteorol Soc (UK), 121 
(1995) pp 1083-1112. 

30 Fox Neil I & lllingworth Antony J, The retrieval of 
stratocumulus cloud properties by ground based cloud radar, 
J Appl Meteorol (USA), 36 (5) (1997) pp 485-492. 

31 Geleyn I F, Some diagnostics of the cloud/radiation 
interaction in ECMWF forecasting model, ECMWF 

Workshop on Radiation and Cloud-Radiation interaction in 

numerical modelling, 15-17 October 1980, pp 133-162. 

32 Salonen E & Uppala S, New prediction method of cloud 
attenuation, Electron Lett (UK), 27 (1991) pp 1106-1108.

 


