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ABSTRACT: 
We are conducting a quantitative comparison of the updated dataset of 

Camagüey stratospheric aerosols lidar measurements with the ones produced by the 
SAGE II satellite instrument.  For such a goal we have created new processing 
software for the lidar measurements, which includes several advantages over the 
former one.  We used an interpolation - integration procedure to produce version 2 of 
the Camagüey Lidar Station aerosols backscattering dataset.  A total of 141 coincident 
profiles were obtained for the comparison.  The dataset cover three main periods: pre-
Pinatubo, Pinatubo and post-Pinatubo, with a total of 12, 48 and 81 coincident profiles 
respectively.  Preliminary results corroborate former findings for the Pinatubo period. 
Also other features are reported for the Pre and Pinatubo periods. 
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RESUMEN: 

Se realiza la comparación cuantitativa de la base de datos actualizada de las 
mediciones de aerosoles estratosféricos del lidar de Camagüey con las producidas por 
el instrumento satelital SAGE II.  Con este objetivo fue creado un nuevo software para 
el procesamiento de las mediciones del lidar, el cual incluye varias mejoras respecto a 
su predecesor.  Se emplea un procedimiento de interpolación – integración para 
producir la versión 2 de la base de datos de retrodispersión por aerosoles de la Estación 
Lidar de Camagüey.  Un total de 141 perfiles coincidentes fueron obtenidos para 
realizar la comparación.  La base de datos abarca tres períodos: pre-Pinatubo, Pinatubo 
y post-Pinatubo, con un total de 12, 48 y 81 perfiles coincidentes respectivamente. 
Los resultados preliminares corroboran resultados obtenidos anteriormente para el 
período del Pinatubo.  También se reportan otras características de los períodos pre-
Pinatubo y Pinatubo. 
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1.- Introduction. 

The effects of the intense volcanic 
eruption over weather and climate are the 
subject of several ongoing studies. 
Different techniques and instruments have 
been used for such purposes.  An example 
of such instruments is the lidar.  The 
Camagüey Lidar Station (CLS) is located at 
21.4°N and 77.9°W and its aerosol lidar 
backscattering dataset, include periods of 
background conditions both pre and post 
Pinatubo, as well as the period  
immediately after Pinatubo. 

Comparisons between instruments 
sensing the same atmospheric constituent 
are very important step for validation and 
production of merged datasets.  In 
particular very few comparisons of lidar 
and satellite measurements of UT/LS 

aerosols had been conducted until the 
present.  Moreover, most of comparisons 
conducted already produced only 
qualitative estimates of the agreements 
between the instruments measurements.  
Here we present the results of the new 
comparison between lidar UT/LS aerosol 
measurements conducted at CLS and 
coincident measurements in space and time, 
from the Stratospheric Aerosol Gas 
Experiment II (SAGE II) satellite 
instrument.  A former comparison has been 
conducted for this lidar dataset but only 
covering the Pinatubo period1.  For the 
present comparison the lidar dataset have 
been improved, producing lidar backscatter 
profiles with the same vertical resolution 
than SAGE II.  Also the pre-Pinatubo 
period is included in the comparison. 
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2.- Dataset. 

The satellite dataset consists of 
aerosols extinction values measured by 
SAGE II, both at 525 and 1020nm 
wavelengths.  The vertical resolution for 
these measurements is 0.5km and the height 
range cover from surface to 80km.  The 
SAGE II dataset version 6.20 can be 
obtained from the instrument website2,3.  

The data selection process includes 
several stages.  First, the extinction profiles 
corresponding to both 525 and 1020nm 
wavelengths were extracted from the 
original data.  The original data is stored in 
monthly files.  For first step, annual files 
were created containing the information 
mentioned above.  A dataset was generated 
containing extinction aerosols 
measurements for both wavelengths, for the 
whole planet for every year.  

In the second step, profiles 
corresponding to the Americas were 
extracted, considering this as the region 
located from 80ºN to 80ºS in latitude and 
from the 20ºE to 180ºW in longitude.  The 
third process step corresponds to the 
selection of SAGE II coincident profiles 
with lidar measurements carried out at the 
CLS. Based on the satellite geometry, a 
space-time criterion has been considered.  
The spatial criteria consisted in ± 6º in 
latitude and ± 26º in longitudes and the 
temporal criteria in ± 48 hours. 

Assuming the previous criterion, the 
SAGE II and lidar measurements coincident 
profiles were extracted.  The total of SAGE 
II coincident profiles were 141 for whole 
period, which correspond with 40 days of 
lidar measurements.  The whole period was 
divided in three sub-periods: pre-Pinatubo 
(previous to 1991), Pinatubo (1992 - 1993) 
and post-Pinatubo (after 1993). The amount 
of coincident profiles for each period 
appears in the table I. 

The lidar data set correspond to the 
version 2.0. This data set contains two 
general time intervals: the first interval 

corresponds from the setup of the lidar 
station and it includes measurements of the 
end of 1988, beginning of 1989 and the end 
of 1990.  The second interval include: since 
the beginning of 1992 until the middle of 
1997 the larger period of measurements of 
the lidar station, although some 
interruptions took place during this period. 

TABLE I 
Coincident profiles distribution per periods. 

 

Period SAGE II 
Profiles 

Lidar 
Profiles 

Pre-
Pinatubo 

12 4 

Pinatubo 48 15 
Post-
Pinatubo 

81 21 

 
The lidar measurements were carried 

out once per week at night, under clear sky 
conditions. In total, the dataset have 186 
measurement-days. From them, 26 days 
belong to pre-Pinatubo, 68 to Pinatubo and 
92 to the post-Pinatubo period. Table II 
shown the distribution of lidar 
measurement-days per years. 
 

TABLE II 
Lidar measurements per years. 

 

Years Lidar Profiles 
1988 14 
1989 7 
1990 5 
1992 33 
1993 35 
1994 20 
1995 30 
1996 33 
1997 9 

 
The dataset of an original lidar 

measurement consists of the photons counts 
vertical profiles.  The lidar and SAGE II 
measurements have different vertical 
resolution, for such reason, it is necessary 
to make compatible the resolution of both 
profiles.  The SAGE II vertical resolution is 
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500m, while lidar measurements resolution 
was 600m between 1988 and 1990 and 
300m beginning in 1990 until the present.  
To make compatible both profiles the first 
step consists on the linear interpolation of 
the vertical profiles of photon counts, this 
means to convert the lidar resolution (300 
or 600m) to a new vertical resolution 
(100m).  Then the profiles were integrated 
to 500m, the same vertical resolution as the 
SAGE II data.  This process is executed 
guaranteeing that there are not variations in 
the total amount of photons between the 
original profile, the interpolated (100m) 
profile and the integrated (500m) profile. 

Then the vertical profiles of photon 
counts, with a 500m resolution are 
processed using the version 1.0 of the 
"Backscatter Process Application (BSPA)" 
software, elaborated by the CLS personnel4.  
Both backscatter ratio and aerosols 
backscatter profiles are obtained from this 
software employing an atmospheric density 
model, obtained for Camagüey site using 
the local aerological sounding. 

The set of lidar backscattering 
profiles with 100m resolution were 
considered the CLS dataset Version 2.0. 

 
3.- Backscatter to Extinction conversion. 

For deriving the aerosol extinction 
profiles, to be comparable with the SAGE 
II extinction profiles, is necessary to 
convert the lidar backscattering profiles (β) 
to lidar extinction profiles (α) for it.  For 
this purpose we made use of the sets of 
extinction to backscattering conversion 
coefficients and wavelength exponents 
obtained by Jäeger and Deshler5,6.  In those 
studies conversion coefficients as well as 
wavelength exponents were averaged in the 
heights range of TP-15, 15-20, 20-25 25-
30km and for periods of four months for 
every year: November-February, March-
June and July-October, respectively5,6. 

The extinction at 532nm was derived 
using the expression: 

 A⋅= 532532 λλ βα . (1) 

where: 
αλ532 = extinction to wavelength 532nm. 
βλ532 = backscatter to wavelength 532nm. 
A = backscatter to extinction conversion 

factor for λ = 532nm 

The aerosol extinction values at the 
wavelength of 1064nm, was derived using 
the expression: 
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where: 
αλ1 = extinction to wavelength λ1. 
αλ2 = extinction to wavelength λ2. 
λ1 = wavelength 1. 
λ2 = wavelength 2. 
k = particle backscatter wavelength 

exponent. 

 

4.- Extinction profiles comparison. 

The figure 1 shows an example of 
simultaneous lidar and SAGE II profiles, 
during Pinatubo period.  The lidar profiles 
(red line) correspond to July 14th 1992, 
03:52:34 UT.  The SAGE II profile (blue 
line) correspond to July 13th 1992, 09:05:55 
UT, at 15.61°N and 55.67°W, about 2735 
Km (ESE) from Camagüey lidar location.  
In both cases we could appreciate how the 
SAGE II profile is truncated at 22 and 
18km respectively.  The lack of data below 
both levels in SAGE II extinction profiles 
was the produced by the fact that the 
intensity of solar radiation traversing the 
densest part of the stratospheric aerosol 
cloud was below the satellite instrument 
threshold.  The SAGE II and lidar profiles 
above those altitudes show very good 
agreement.  At the same time lidar profiles 
provide information at those levels where 
SAGE II data is missing.  This is an 
example of how can both instrument 
complement one to another. 
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Fig.1.- Examples of space-time coincident lidar 
and SAGE II profiles from Pinatubo 
period (see text for details). 

 
A quantitative comparison of aerosol 

extinction profiles derived from lidar and 
SAGE II, for volcanically perturbed and 
background conditions in the stratosphere, 
represents a challenge.  The aerosols 
extinction values for such conditions have a 
range of three orders of magnitude.  For 
making possible to compare the differences 
for such different periods we defined the 
mean absolute percent differences (MAPD) 
between lidar and SAGE II profiles  

The MAPD profiles for the pre-
Pinatubo, Pinatubo and post-Pinatubo 
periods were derived using to the following 
expression: 

100
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    (3) 

 
where: 
αSageII =  Aerosol extinction measured by 
SAGE II. 
αLidar = Aerosol extinction derived from 
lidar backscatter. 

Figure 2 shows both 532 and 
1064nm profiles of the MAPD for pre-
Pinatubo period.  In general, the behavior 
for both wavelength is similar although for 
532 nm the MAPD is something minor than 

at 1064 nm wavelength.  In both cases the 
MAPD are less than 50% as average. 

 
 

Fig.2.- Pre-Pinatubo mean absolute percent 
differences profiles, at 532 and 1064nm 
wavelengths.  

 
Figure 3 shows the results for the 

Pinatubo period.  Similarly to the pre-
Pinatubo period at 532nm MAPD show 
lower values than at 1064nm wavelength.  
The increment in MAPD under TP (16Km 
mean value for Camagüey) could be due, 
among other reasons, to the lack of SAGE 
II like the ones showed in the figure 1, 
which were already described above.  The 
percent differences are smallest around of 
19Km, indicating the location of major 
extinction values, and showing that the core 
of volcanic aerosols was well-observed by 
both the lidar and SAGE II.  

The MAPD from TP to 30km for 
532nm and 1064nm wavelength in both, 
pre-Pinatubo and Pinatubo period, are 
different.  For 532nm, the first period the 
differences are around 37% and for second 
period 60%.  In the 1064nm wavelength 
case, the averaged differences for the same 
altitude range are around 42% for pre-
Pinatubo, while Pinatubo period is 58%. 
The lower variability during the pre-
Pinatubo period (Fig. 1) may be produced 
by the small quantity of cases (12) 
compared with the Pinatubo period (48). 

The MAPD in both cases are 
produced by the joint contribution of 
several factors. They are the errors from 
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SAGE II aerosol extinction and lidar 
aerosol backscattering measurements, the 
errors associated with the backscattering to 
extinction conversion procedure, the 
different geometry of sampling of both 
instruments as well as their different 
measurement’s principles and the natural 
variability of the aerosol extinction.  SAGE 
II aerosol extinctions errors at 532 and 
1064nm have been estimated between 10 
and 15%7, the same order of magnitude that 
for the lidar aerosol backscattering8.  The 
natural variability of the stratospheric 
aerosols extinction has been estimated 
between 30 and 40% for background 
conditions and between 40 and 70% for 
volcanically perturbed conditions1.  It is 
clear that both in the pre-Pinatubo and 
Pinatubo periods, the major contribution to 
the MAPD are produced by the natural 
variability of the aerosols extinction. 

 

 
 

Fig.3.- Pinatubo,  mean  absolute  percent  
differences profiles at 532 and 1064nm 
wavelengths. 

 
5.- Former comparison. 

Comparing the Pinatubo period with 
previous analysis of the same period4, the 
actual procedure shows in general, an 
increment on differences for both 
wavelengths (table III).  In the entire range 
from 15 to 30km there is an increase in 
around 9% for 532nm and a little decrease 
of around 1% at 1064nm in the present 
procedure in relation to the former one.  In 
the ranges 15 – 20 and 20 – 25Km the 

differences increase 18% for 532nm and 
13% for 1064nm.  But in the range 25 – 
30km the differences are around 18% for 
both wavelength, but there is a decrease in 
the MAPD for the present procedure with 
respect to the former one. 

An important feature is that the 
MAPD profiles obtained with the new lidar 
backscattering dataset are smoother than the 
former ones. 

 
TABLE III 

Mean layer MAPD values for previous and 
current dataset for the Pinatubo period. 

 

532 nm 1064 nm Heigh
t 
Rang
e 
(km) 

Previou
s 

Actua
l 

Previou
s 

Actua
l 

15 – 
20 

43.1 62.5 48.0 63.2 

20 – 
25 

37.0 55.7 42.2 46.1 

25 – 
30 

75.0 56.0 85.1 67.4 

15 – 
30 

53.4 62.5 60.3 59.6 

 
 

6.- Conclusions. 
A new version of Camagüey Lidar 

Station data set has been obtained. It has 
been validated with SAGE II coincident 
measurements for both pre-Pinatubo and 
Pinatubo periods.  The complementarily of 
SAGE II and lidar datasets has been 
evidenced.  
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