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ABSTRACT: 
 

Cirrus clouds play a key role in the earth’s radiative budget.  To understand 
and quantify its impact on earth’s atmosphere radiative transfer it is necessary to 
have information about its optical properties.  Such a knowledge is necessary 
both for comparison with other datasets of cirrus measurements as well as for 
modeling its role on radiative transfer.  Cirrus clouds were measured by lidar at 
Camagüey (21.4º N, 77.9º W) between 1993 and 1998.  We derived the 
extinction coefficient profile using a set of eight constant Extinction to 
Backscattering ratio conversion coefficients.  Our lidar measurements are biased 
because we normally conduct measurements on clear nights to the naked eye.  As 
result of the bias our cirrus lidar dataset is mostly representative of thin and 
subvisible cirrus.  Making use of such fact we selected the most appropriated 
conversion coefficient considering the frequency of occurrence of the calculated 
optical depth values among the ranges attributed to thin and subvisible cirrus 
clouds.  The 131 measurements were classified in three groups according to their 
optical depth (τ): opaque (τ > 0.3), thin (0.3> τ >0.03) and subvisual (τ > 0.03). 
The mean values for each one of the three groups were 0.498 ± 0.268, 0.074 ± 
0.047 and 0.016 ± 0.010 respectively.  The mean values of extinction along the 
complete cirrus vertical depth were derived too.  The comparison with results 
reported at midlatitudes was conducted, the results are discussed.  
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RESUMEN:  
 

Las Nubes Cirrus juegan un importante papel en el balance radiativo de la 
tierra.  Para comprender y cuantificar el impacto de éstas sobre la transferencia 
radiativa en la atmósfera terrestre, es necesario contar con información acerca de 
sus propiedades ópticas.  Este conocimiento es necesario tanto para la 
comparación  entre diferentes  conjuntos de datos  de mediciones de nubes cirros,
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así como para una mejor representación en la modelación de su rol en la 
transferencia radiativa. 

Durante el período entre 1993 y 1998, fueron medidas nubes cirros con Lidar 
en Camagüey (21.4º N, 77.9º W).  Nosotros obtuvimos los perfiles de coeficiente 
de extinción usando un juego de ocho valores constantes de la Razón 
Extinción/Retrodispersión.  Nuestras mediciones de lidar están sesgadas debido a 
que son realizadas en noches claras a simple vista.  Como resultado de este sesgo 
nuestro juego de datos de nubes cirros medidos con lidar en su mayoría es 
representativo de nubes cirros finos y de nubes cirros subvisibles.  Haciendo uso 
de este sesgo se seleccionó el coeficiente de conversión más apropiado; 
considerando la frecuencia de ocurrencia de los valores de espesor óptico 
calculados entre los rangos atribuidos a nubes cirros finos y subvisibles.  Las 131 
mediciones con que se cuentan fueron clasificadas en tres grupos de acuerdo a su 
espesor óptico (τ): opacas (τ > 0.3), finas (0.3> τ >0.03) y subvisibles (τ > 0.03). 
El valor medio para cada uno de los grupos fue 0.498 ± 0.268, 0.074 ± 0.047 and 
0.016 ± 0.010 respectivamente.  Los valores medios de extinción junto al espesor 
vertical de los cirros fueron derivados.  Son discutidos los resultados y se realiza 
una comparación con resultados reportados en latitudes medias. 

 
Palabras Claves: Nubes Cirros, Espesor óptico. 
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1. - Introduction. 

Cirrus clouds have been recognized as 
a fundamental factor influencing the 
climate.  It’s impact on the earth radiation 
budget and consequently on the climate has 
been addressed so far1.  Cirrus clouds can 
absorb long-wave outgoing radiation from 
Earth’s surface while reflecting short-wave 
incoming solar radiation2.  The radiative 
forcing of cirrus clouds is determined by 
macro and microphysical properties.  Cirrus 
radiative forcing is not well understood 
because the incomplete knowledge of such 
properties. 

Recent studies show that cirrus clouds 
are most frequently found in the 
Intertropical Convergence Zone followed 
by the midlatitude storm belt between 30º 
and 50º latitudes.  In particular the North 
Atlantic region showed occurrence 

frequencies of more than 60%3.  Using the 
daily diurnal reports of six surface 
meteorological stations at Camagüey 
province, Cuba cirrus clouds frequency of 
occurrence of 41% have been observed.  
Stations records cover between 27 and 32 
years, showing seasonal frequencies of 20% 
for winter, 30% for spring, 60% for summer 
and 50% for fall4.  Also, several 
climatologies of cirrus clouds properties 
measured by lidar in the northern 
hemisphere have been developed 
recently5,6,7. 

Lidar measurements are useful in 
deriving geometrical and optical properties 
of cirrus clouds, which are essential in 
understanding cloud-radiation effects.  
Various authors have reported the optical 
properties of clouds in the Antarctic, Arctic, 
mid-latitudes, and tropical regions8,9,10,11,12.  
But in the tropics few measurements have 
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been conducted in comparison with the 
ones conducted at midlatitudes. 

This paper presents the results of the 
analysis of cirrus clouds lidar 
measurement’s conducted at Camagüey 
Lidar Station (CLS), located at the 
Camagüey Meteorological Center, Cuba, at 
21.4ºN and 77.9ºW, between 1993 and 
1998.  Measurements at the CLS were 
conducted using an aerosol-backscatter 
lidar operating at 532nm.  Details about the 
instrument have been reported earlier13. 

 
2. - Data and Methods. 

CLS lidar makes measurements once 
per week at night around the year.  The 
principal goal of this lidar is the detection 
of stratospheric aerosols.  But in some cases 
when the measurements are interrupted by 
the presence of optically invisible cirrus 
clouds for the human eye, we realize the 
cirrus clouds measurements.  The Lidar 
uses a doubled frequency Nd – YAG laser 
(532nm, 50Hz, 300mJ/pulse) and in cirrus 
operation mode the altitude resolution is 
changed to 75m.  The receiving telescope 
has 34cm of diameter and the field of view 
is 3mrad.  The number of laser shots for 
cirrus measurements are 1000.  Details 
about the instrument can be found in a 
former paper13.  Our database contains 131 
individual measurements cirrus clouds on 
36 days. Cirrus backscattering coefficients 
(β) profile was calculated from the photon 
number profiles using the method proposed 
by Russel et all.14.  Backscattering ratio (R) 
was calculated from the sum of aerosol and 
molecular backscattering coefficients, 
(βa+βm, respectively), divided by the 
molecular backscatter coefficient: 

            
m

m

β
ββ +

= aR                         (1) 

We select the normalization level 
below the cirrus cloud base height.  When 
no aerosol present the R equals one.  The 
molecular backscattering was calculated 
using the molecular density model for 
Camagüey up to 30hPa and the US 
Standard Atmosphere above. 

Preliminary values of cirrus cloud base 
height were selected.  For this purpose we 

monitoring the changing of the slope in the 
photon number profile.  These values were 
used to select the normalization level.  The 
final values of the base and top height were 
selected by the analysis of the 
backscattering ratio profile using a variation 
of threshold method proposed by Goldfarb 
et al6. The threshold is defined as the sum 
of the nightly mean R from 18 - 19km plus 
two times the R standard deviation for this 
altitude range. 

The bias introduced by the clear sky 
conditions selected for the stratospheric 
aerosols measurements causes that the data 
collected is representative of the subvisual 
and optically thin cirrus clouds.  We utilize 
this feature to obtain the most suitable value 
of the extinction to backscattering ratio.  A 
set of eight extinction to backscattering 
conversion coefficients for cirrus clouds 
was selected, according to reports in the 
literature15, ranging from 1 to 120sr.  We 
converted the backscattering coefficient 
profiles into extinction coefficient profiles 
for each one of the eight values of the 
extinction to backscattering coefficient 
selected.  Sets of cirrus optical depths were 
calculated for each one of the extinction to 
backscattering conversion coefficients.  The 
Optical Depth (τ) is the integral of the 
extinction coefficient between the cirrus 
base and top in the vertical.  In our discrete 
case, we used the following expression: 

 
,)( zz

N
N ∆∗=∑ατ  (2) 

 
where:   

N: number of layers between the base and 
top        
αN(z) : extinction coefficient at the layer N. 
∆z: layer thickness, in our case 75m. 

 
Considering that τ = 0.3 is accepted as 

a limit between thin and thick cirrus clouds 
we calculated the frequency of occurrence 
of the τ values above and below the 
threshold value of 0.3 for each one of the 
eight extinction to backscattering 
conversion coefficients.  Figure 1 shows the 
percent of cases in the two categories. 
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Although the dataset are biased toward 

the measurements of thin cirrus clouds 
mainly a few cases of thick cirrus clouds 
were measured.  Because of that we 
considered the most appropriated value of 
the backscattering to extinction conversion 
coefficient the one having almost 90% 
cases below the threshold value of 0.3.  
Then the value selected for extinction to 
backscattering ratio conversions was 10sr.  
It is shown by a gray bar in Figure 1. 

Base and top altitudes were derived 
from the cirrus backscattering ratio profiles 
as well as the geometrical thickness.  Using 
the reanalysis data we obtained the average 
temperature profile for each measurement’s 
day.  For that goal we selected the two 
reanalysis grid points located north and 
south of the CLS location.  Base and top 
temperatures were calculated from those 
profiles. 

Optical Depth, geometrical thickness, 

base and top altitudes and temperatures 
values were classified in three categories, 
following Sassen’s approach16: opaque 
cirrus (τ > 0.3), thin cirrus (0.03 < τ < 0.3) 
and subvisual (τ < 0.03).  For each one of 
the groups the average and standard 
deviation of the variables were calculated.   

 
3. - Results and Discussion. 

The average characteristics of the 
different cirrus clouds types are shown in 
the Table I.  

Thin cirrus clouds occurrence (~67%) 
predominates over subvisual (~25%).  The 
low occurrence of opaque cirrus in the 
sample is the consequence of above cited 
bias in the measurements clear sky 
conditions and should not be considered 
representative of the mean conditions at the 
CLS.  There is a better agreement of 
frequency of occurrence of subvisible cirrus 
at CLS with reports from midlatitude 
locations than with reports in the tropics.  
Results of campaign measurements 
conducted between 12°N and 8°S with a 
lidar onboard the German research vessel 
“Polarsten” reported a frequency of 
occurrence of subvisual cirrus clouds of 
80% 17.  Using SAGE II cloud 
measurements the frequency of occurrence 
of subvisual and thin cirrus clouds at the 
tropical belt (20°N – 20°S) was two-thirds 
(67 %) and only one third (33 %) for thin 
cirrus18.  Also at La Reunion Observatory, 
at Southern Hemisphere, six year 
climatology showed the predominance of 
subvisual cirrus clouds with 65% of the 
time reported cirrus clouds7. 

In contrast at Salt Lake City (SLC), 
subvisual cirrus had a 17% of occurrence 
and the thin and opaque cirrus had the same 

Table I: Mean values of the geometric properties, base and top temperatures 
and optical depth (τ) for each one of the cirrus clouds types.  The standard 
deviations of the values are show in parenthesis as well as the Frequency of 
Occurrence of each type in the sample (F.O.). 
 

 
Opaque 
τ  > 0.3 

Thin 
0.03< τ <0.3 

Subvisual 
τ  < 0.03 

Frequency (%) 8 67 25 
Optical Depth 0.498 (0.268) 0.074 (0.047) 0.016 (0.010) 
Base Altitude (km) 10.05 (2.31) 11.63 (1.49) 11.63 (1.28) 
Top Altitude (km) 12.91 (1.78) 14.05 (1.37) 13.77 (1.68) 
Geometrical Thickness (km) 2.86 (0.89) 2.44 (0.87) 1.75 (0.77) 
Base Temperature (°C) -34.99 17.39 -44.26 11.10 -46.86 9.64 
Top Temperature (°C) -56.06 (12.78) -63.23 (7.88) -61.51(11.08) 

Fig.1. - Percents of cases of optical depth values 
bigger and lower than the 0.3 threshold for the 
selected extinction to backscattering 
coefficents values.  The gray bar show the 
chosen value, 10sr. 
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frequency (34%) for ten years climatology5.  
Also at Haute Provence Observatory 
(HPO), three years climatology showed the 
predominance of thin cirrus with a 17% of 
subvisual cirrus clouds occurrence6.  In this 
aspect CLS measurements appear to be 
more representative of midlatitudes than of 
the tropics. 

Results of the mean base and top 
altitudes are almost equals for subvisual 
than for thin cirrus.  The average base 
altitude of subvisual cirrus clouds in the 
CLS sample was 11.63 ± 1.28km while the 
top altitude was 13.77 ± 1.68km.  
Comparing with midlatitude climatologies 
we find that at CLS subvisual cirrus clouds 
are in general higher that at midlatitudes.  
For SLC base and top for each type of 
cirrus clouds are not available, but the 
whole sample has mean altitude values 
between 8 and 9km for the base and 
between 10 and 11km for the top5.  For 
HPO subvisiual cirrus had a mean altitude 
of 10.4 ± 1.5km6.  But the comparison with 
the reports from subvisual clouds 
measurements of base and top in tropics 
with the ones at CLS show higher altitudes 
in the tropics.  The above cited campaign 
measurements onboard the German vessel 
reported mean base and top altitudes of 
14.6km and 15.9km respectively.  For the 
base and top the corresponding mean 
temperature values were 200K and 194K 
respectively17.  From Table 1 we can see 
that for the CLS the base and top mean 
temperatures were approximately 226K and 
211K, respectively. 

CLS mean geometrical thickness 
values are higher than the reported for 
HPO.  From Table 1 we can see that CLS 
cirrus mean geometrical thickness values 
show the values for subvisible and for thin 
cirrus of 2.44 and 1.71km, respectively.  

While for HPO subvisible cirrus clouds 
mean geometrical depths was 0.8km and for 
the whole sample 1.4km 6.  But for SLC the 
mean geometrical thickness in the course of 
the year ranges between 2.02 and 2.31km in 
very good agreement with the results at 
CLS5.  The campaign measurements 
reported a mean geometrical thickness 
value of 1.1 ± 0.6km 17, while the 
measurements conducted with SAGE II 
calculated a mean value of 3.7km for the 
geometrical thickness18. 

 
 

4. - Conclusions. 
A contingent approach has been 

developed to estimate the appropriate 
backscattering to extinction conversion 
coefficient based on the bias in the 
conditions that the measurements were 
conducted.  The results show the possible 
intermediate behavior of subvisible cirrus 
clouds at CLS between tropical and 
midlatitudes cirrus.  But because the limited 
amount of data available for this study, the 
results and preliminary conclusions should 
be taken cautiously. 

 
 

5. - Acknowledgements. 
This work is supported by the Cuban 
Program of Change Climate and 
Environment under grant. No. 01303177. 
NCEP Reanalysis data was provided by the 
NOAA-CIRES Climate Diagnostics Center, 
Boulder, Colorado, USA, from their Web 
site at http://www.cdc.noaa.gov/ 

 


