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ABSTRACT: 
The NASA Geoscience Laser Altimeter System (GLAS), launched into orbit 

in January, 2003 aboard the freeflying  Ice, Cloud, and Land Elevation Satellite 
(ICESAT),  is the first long term atmospheric lidar in earth orbit. Since February 
of 2003, GLAS has operated during intermittent time segments of about 4 to 8 
week duration.  During its periods of operation, GLAS provides continuous and 
nearly pole to pole atmospheric lidar observations of clouds and aerosols from 0-
40km altitude. GLAS is sensitive to optically rarefied particulate layers and is 
capable of detecting multiple layers if the higher layers are optically thin. An 
overview of GLAS and its some of its level 2 and level 3 cloud and aerosol 
products are described. Public access to channels to GLAS level 2 products is 
available through the internet. 
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RESUMEN: 

GLAS, el sistema neocientífico de altímetro láser de la NASA, lanzado a 
orbita en Enero del 2003 a bordo del satélite de hielo, nubes y elevación de la 
superficie terrestre ICESAT, es el primer lidar atmosférico a largo plazo en la 
órbita de la  Tierra.  Desde  Febrero  del 2003, GLAS ha  operado por  segmentos 



 

Opt. Pur. y Apl.., Vol. 39, núm. 1, 2006  Autor: Hart, W.D. et al. - 118 -

 

 
 
 
REFERENCIAS Y ENLACES. 

 
[1] Holz, R. E.,  S. Ackerman, P. Antonelli,  F. Nagle F., M. McGill,  D. L. Hlavka,  W. D. 

Hart, A Comparison of High Spectral Resolution Infrared Cloud-Top Pressure Altitude 
Algorithms using S-HIS Measurements. 
Submitted to: Journal of Atmospheric and Oceanic Technology, 2005 

[2] Palm, S.P., W. Hart, D. Hlavka, E. J. Welton, A. Mahesh, J. Spinhire, GLAS 
atmospheric data products theoretical basis, available at: 
http://eospso.gsfc.nasa.gov/eos_homepage/for_scientists/atbd/, 2002 . 

[3] Palm, S. P., M. Fromm, J. D. Spinhirne, Observation of Antarctic Polor Statospheric 
Clouds by the Geoscience Laser Altimeter System (GLAS). 
Submitted to: Geophysical Research Letters, 2005 

[4] Spinhirne, J. D.,  W. D. Hart, D. L. Hlavka,  Cirrus infrared parameters and shortwave 
reflectance relations   from observations, J. Atmos. Sci., 53, 1438-1458, 1996. 

[5] http://glo.gsfc.nasa.gov/ 
[6] http://icesat.gsfc.nasa.gov/ 
[7] http://nsidc.org/daac/icesat/ 
[8] http://www.csr.utexas.edu/glas/ 
 
 
 
1.- Introduction. 
The Geoscience Laser Altimeter System 
(GLAS) is a laser remote sensing 
instrument launched into orbit aboard the 
Ice, Cloud, and Land Elevation Satellite 
(ICESAT) spacecraft in January, 2003. The 
circular orbit of ICESAT has an inclination 

of 94 degrees at an altitude of 
approximately 625 km above Mean Sea 
Level (MSL). GLAS is a dual-purpose laser 
instrument, serving as both a precision 
surface elevation altimeter and atmospheric 
lidar. Asan atmospheric backscatter lidar, 
GLAS uses both 532 nm and 1064 nm 
wavelength light that is pointed toward a 

 
intermitentes de aproximadamente 4 a 8 semanas. Durante sus periodos de 
operación, GLAS proporciona en forma continua, y casi de polo a polo, 
observaciones atmosféricas de nubes y aerosoles de 0 a 40 km de altura. GLAS 
es sensible a capas de partículas de baja densidad y es capaz de detectar múltiples 
capas si las capas más altas son óptimamente delgadas. Se presenta un resumen 
general de las características de GLAS y se describen algunos de sus productos 
de nubes y aerosoles en los niveles 2 y 3. El acceso público a productos del nivel 
2 de GLAS está disponible en Internet. 

 
Palabras clave: lidar, nubes, aerosoles, atmósfera, sensor remoto 
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nearly nadir point to the ICESAT 
spacecraft. Some of its basic engineering 
parameters are shown in Table 1. 
 

Table 1.- GLAS instrument parameters. 

 
 It was originally intended that GLAS 
operate continuously for at least 3 years. Its 
3 lasers were to operate consecutively with 
each one pulsing for a least a year. 
However, the stress of operating in a 
spacecraft environment severely truncated 
these expectations. The first laser failed 
after 37 days. Based upon studies of this, 
operations of the second and third lasers 
were modified to go for short periods in 
order to conserve the longevity of the 
instrument. The dual purpose of the 
instrument complicated the issue of 
determining the time of operation. Also, 
testing indicated that 532 nm detectors 
should outgas in vacuum for some time 
before they were operated. So, during the 
first operational period, no green data was 
available. Finally, it was decided that 
operations with the third laser were to be 
done with reduced 532-energy. Also, 
certain optical problems with the 532 
channel resulted in some misalignment. 
Because of these difficulties, 532 data 
during the operations of the third laser are 
generally usable only during low 
background conditions at night. 
 Because of these problems, GLAS has 
operated during specific time segments of 
about 4 to 8 week duration since February 
2003. The periods are shown in Table 2. 

During its periods of operation, GLAS 
provides continuous and nearly pole to pole 
atmospheric lidar observations of clouds 
and aerosols layers from 0-40 km altitude. 
GLAS is sensitive to optically rarefied 
particulate layers and is capable of 
detecting multiple layers if the higher layers 
are optically thin. The data processing 
includes an algorithm to discriminate 
between cloud and aerosol types. Also, the 
1064 nm channel use has been expanded 
because of the reduced service of the 532 
channel. 
 Additional information about GLAS is 
available at the links listed in the reference 
and links section. 
 

TABLE 2. GLAS periods of operation to 
May,2005 

 
2.- GLAS atmospheric data products. 
 
 A detailed description of the GLAS 
atmospheric data products and their 
production algorithms can be found in 
Palm,et al, [2002]. Table 3 lists the standard 
products. 
 The low level atmospheric product of 
GLAS, GLA07, are vertical profiles of 
attenuated backscatter coefficient β’(z), 
where z is the vertical scale. The detected 
photons at 532 nm are converted to β’(z) by 
using a calibration constant computed from 
a high altitude molecular signal. The 
calibration constant at 1064 nm is 
determined from coincident 1064nm and 
calibrated 532nm measurements using the 
assumption of equality of β’(z) in cirrus 
clouds at the two wavelengths. 
 An image rendition of the 532 nm  
β’(z) is shown in Figure 1. The image 

PARAMETERS: 532nm 1064nm 

Laser Pulse Energy 36 mJ 74 mJ 
Laser PRF 40 Hz 40 Hz 
Receiver FOV 0.19 mrad 0.5 mrad 
Telescope diameter 0.9 m 0.9 m 
Optical Bandwidth 25 pm 1.4 nm 
Detector quantum 
efficiency / type  

0.7 
GAPD 
photon 
count 

0.3 APD     
analog 

Range resolution 76.8 m 0.075 & 76.8 
m 

Pointing knowledge 3 arcsec 3 arcsec 
Number of lasers 3 3 
Detectors 8; 4 on 1 

Laser Identifier Start Date End Date 

1 2003-02-20 2003-03-29 

2A 2003-09-24 2003-11-18 

2B 2004-02-17 2004-03-21 

2C 2004-05-18 2004-06-21 

3A 2004-10-03 2004-11-08 

3B 2005-02-17 2005-03-24 
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Figure 1. GLAS product GLA07, attenuated backscatter coefficient, 532 nm, . One full orbit from 
October 28, 2003 is shown. The units on the color bar are 1 x 10-6 (sr-m) –1. Times are UT. 

shows the atmosphere from 0-20 km for an 
entire orbit on October 28, 2003. The image 
begins and ends over Antarctica. High 
elevation ground appears white, as seen for 
example, in the transit over the Himalayas 
between 02:05 and 02:10. Some salient 
atmospheric features are high level cirrus 
and deep convection in the tropical regions, 
low level status with overlaying aerosols 
off the west coast of South America 
between 01:20 and 01:27, and boundary 
layer aerosol evident in cloud free regions. 
The effect of the high background on the 
signal is seen by the mottling in the sunlit 
regions, which are in the southbound 
portions of the orbit. 

 
TABLE 3. GLAS standard products. 

GLA07 Calibrated, attenuated backscatter coefficient 
profiles for 532 and 1064 nm at 40Hz and 5 Hz 

GLA08 Planetary Boundary Layer (5 Hz ,4 sec) height 
and elevated aerosol layer top and bottom 
height 

GLA09 Cloud layer top and bottom height at 40 Hz, 5 
Hz, 1 Hz, and 4 seconds 

GLA10 532 attenuation corrected backscatter and 
extinction profiles 

GLA11 Thin cloud and aerosol layer optical depth 
 

 
 The horizontal and vertical positions of 
the aerosol and cloud layers, the vertical 
location of the earth’s surface, and the top 
of the Planetary Boundary Layer, PBL, 
found in products GLA08 and GLA09, are 
analyzed routine products. They are 
determined from the β’(z) profiles. The 
cloud and aerosols are distinguish based 
upon the magnitude of the β’(z) and the 
vertical gradient of β’(z). The layer 
boundaries are produced at several 
horizontal resolutions and will indicate 
multiple layers. A picture of the layer 
boundary analysis is shown in Figure 2. 
The scene depicted is from 28 October, 
2003 where the spacecraft traveled from 
south to north from the Pacific Ocean onto 
North American. This scene was selected 
from a GLAS calibration/validation 
exercise. Much of the atmospheric content 
is smoke from wild fires occurring on land 

and blowing to the ocean. In the image, 
everything below 5 km is smoke or other 
types of aerosols. The continental coastline 
is at about 03:12. and the image is at one 
second horizontal resolution. The cloud 
tops are indicated with green crosses and 
the top of the Planetary Boundary Layer 
(PBL) with white X’s. The analyzed ground 
height is shown with bluish crosses. The 
cirrus cloud layers are well delineated. The 
top of the PBL is found as the aerosol layer 
that reaches the ground.. Some inaccuracies 
are the analysis of smoke layers as clouds 
between 03:11:40 and 03:12:00 and 
03:12:05 to 03:12:10 and some totally 
missed layers, such as at 5 km at 03:11:10. 
This figure is simplified, such as the 
analyzed bottoms of the clouds are not 
shown, for the sake of clarity. However, the 
image does reveal the essence of the layer 
detection. The quality of the results for any 
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Figure 2. GLAS products GLA09 and GLA08, 
layers boundaries from October 28, 2003 The 
green +’s are analyzed tops of clouds and the 
white X’s delineate the top of PBL. 

scene depends upon the quality of the lidar 
signal,  the complexity of the atmosphere, 
and the magnitude of the background 
signal. 
 Products GLA10 and GLA11 are those 
produced by inverting the lidar equation to 
permit computation and elimination of 
attenuation. The basic inverting algorithm 
is described in Spinhirne [1996] and Palm 
[2002]. The computation requires 
determination from the data or some a 
priori knowledge of the extinction to 
backscatter ratio, S. Also, the effects of 
multiple scattering are also incorporated. 
With the attenuation known, the backscatter 
coefficient, β(z), can be determined as a 
function of z within layers. This can be 
converted to extinction coefficient, σ(z) and 
this can be integrated to get optical depth of 
the layers. An example of GLAS optical 
depth analysis is show in Figure 3. The data 
for this is from Brazil and Paraguay for 
October 1, 2003. Particulate extinction 
coefficient is shown in Figure 3b. The left 
hand side of the cross-section between 
00:05:44 and approximately 00:08:30 
shows results for a low level aerosol layer 
with the top of the layer rising with greater 
distance away from the coast. Other regions 
show the value of σ(z) for both clouds and 
aerosols. In the regions where a cloud layer 
fully attenuates the laser, σ(z) is computed 
down to the level where the attenuation is 
considered complete. Two regions of 
interest are at approximately 00:12:00 and 
00:13:00. Here we see regions of elevated 
aerosol with embedded low level clouds. It 
is likely that the aerosol is smoke, which is 
causing a localized formation of cumulus. 
Figure 3c show the computed column 
optical depth for the segment. The aerosol 

layer in the left part of the segment shows 
an optical depth of about 0.1 to 0.2. The 
two elevated aerosol layers near 00:12:30 
have values between 0.4 and 0.6. An optical 
depth from AERONET site Alta Floresta 
(see acknowledgement) at S09o55’ and 
W056o01’ at about 20:00 on September 30, 
shows an optical depth of about 0.67 at 
500nm. The cloud layers have optical 
depths up to about 2.5. If the laser is fully 
attenuated in any particular profile, no total 
optical depth is computed. 

 
 The products described in this section 
are those routinely produced in the GLAS 
processing procedures. When processing 
and quality control are completed, the 
analysis files are sent to the National Snow 
and Ice Data Center. They are available to 
any interested party at: 
http://nsidc.org/daac/icesat/. 
 
3.- Selected Atmospheric Analysis. 
 
 Satellite based lidar observations 
provide the opportunity to find global 
statistics of cloud and aerosol observations. 
In an ICESAT type orbit, with a 8 day 
pseudo-repeat cycle, any valid statistical 
analysis must be done over a long enough 
time period for the global area being 
considered. The following examples of 
statistics analysis based upon 4 to 6 weeks 

Fig. 3. GLAS products GLA07 (a), GLA10 
(b) and GLA11 (c) from October 1, 2003 
over Paraguay and Brazil 

a 

b

c
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of GLAS data from September-November, 
2003 when the lidar was at optimum 
performance levels. The period is long 
enough to have adequate statistical 
sampling. 
 From an analysis of GLAS 5 Hz data, 
using both day and night observations, 
world-wide distribution of the number of 
cloud layers was found, based upon a 1 
degree longitude by 1 degree latitude grid. 
The results are shown in Figure 4. Because 
of full attenuation of the lidar, the results 
are biased toward too few layers. 
Nevertheless, the results show that for the 
period October 1 through November 15, the 
earth had a 69 percent cloud cover with one 
layer observations constituting the mode of 
the frequency distribution. This value of 
69% compares to 73% from MODIS 
AQUA analysis. The shape of the 
distribution is typical of these distributions. 
The fact that multiple layers are found 
demonstrates the value of an active 
instrument in this type of analysis. 

 After an adequate number of orbits, a 
sufficient number of observations are 
obtained at each point in a global grid to 
form a map of statistical results. A sample 
of this is shown in Figure 5 where the 
average cloud top pressure is shown for 
October, 2003. The horizontal resolution of  
this display is a 1 degree longitude by 1 
degree latitude grid. For the purposes of 
this figure, GLAS determined geometric 
altitude is converted to pressure by using 
standard atmosphere profiles. Some of the 
prominent features are the high average 
cloud tops around the inter-tropical 

convergence zone and large areas of low 
clouds off the west coasts of most of the 
continents. One of the consequences of 
using lidar to determine cloud altitude is 
that the geometrical height is determined as 
opposed to an thermal altitude that results 
from passive radiometers, Holz [2005]. The 
availability of this geometrical altitude may 
have some advantages for use in radiative 
transfer modeling of the atmosphere. 

 An illustration of a unique use of 
spaceborne lidar is shown in Figure 6. The 
picture shows the scattering ratio from the 
Eastern Hemisphere region of Antarctica. 
The yellow lines represents the location of 
the tropopause. The clouds above the 
tropopause are polar stratospheric clouds 
(PSC) of types 1 and 2. PSC’s are formed 
during polar winter when the dynamics in 
the circumpolar vortex and the extremely 
cold air cause the small amount of water 
and nitric acid trihydrate (NAT) to 
condense. PSC’s are important in reduction 
of total ozone in the polar regions. This 
illustration serves to show how spaceborne 
lidar can provide first of kind of 
observations of atmospheric processes in 
remote locations. 

Figure 4. Global frequency distribution of 
number of cloud layers based upon 5 Hz. 
GLAS GLA09 product. 

31% 

45% 

17%

hPa

Figure 5. Average cloud top pressure for 
October, 2003 based upon GLAS GLA09 
product. 

Figure 6. Scattering ratio at 532 nm from 
September 30, 2003 over Antarctica. The 
yellow line is the tropopause height. Type 
1 and type 2 PSC’s are located above the 
tropopause. 
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4.- Conclusions. 

 We provide here a description of the 
GLAS instrument, a description and 
samples of GLAS data products, and some 
examples of some completed analysis. The 
examples were chosen to provide clear 
illustrations of the information that is 
contained in the data and some of the 
analysis that can be derived from it. Of 
course, many other types of analysis are 
possible. Spaceborne lidar observations 
have the potential to compliment 
observation from passive instrument. But 
they also have the ability to provide new 
information to increase the atmospheric 
data base and to find deficiencies in the 

analysis of passive data. In the spirit of the 
stated specific goals  of this workshop, the 
purpose of this presentation is to show the 
lidar community what is available from 
GLAS for atmospheric research purposes. 

 In keeping with intention of the Earth 
Observation System (EOS), the GLAS 
products are freely available to the 
scientific community at large at: 
http://nsidc.org/daac/icesat/. 
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