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ABSTRACT 

CLidar or camera lidar is a simple, inexpensive 

technique to measure nighttime tropospheric 

aerosol profiles.  Stars in the raw data images used 

in the CLidar analysis can also be used to 

calculate aerosol optical depth simultaneously.  A 

single star can be used with the Langley method 

or multiple star pairs can be used to reduce the 

error.  The estimated error from data taken under 

clear sky conditions at Mauna Loa Observatory is 

approximately +/- 0.01.   

1. INTRODUCTION 

The simplest atmospheric aerosol lidar 

measurement is 180 degree backscattered light. 

To convert this quantity into the more useful 

aerosol extinction or total scatter (m-1) the 

extinction to backscatter ratio, also known as the 

lidar ratio, must be assumed or measured.  If the 

aerosol optical depth (AOD) is known, the 

backscatter profile can be integrated to get an 

average lidar ratio. 

For example, this approach is used by MPLNET 

[2] by using daytime AOD measured by 

AERONET [1].  But sun-photometer 

measurements of AOD are limited to daytime, 

when many lidars cannot operate.  Star-

photometers have been used to get nighttime 

AOD [3,4] by observing single stars with a small 

telescope, and  multiple stars have been measured 

simultaneously with a CCD camera [5]. But both 

types of photometers require an additional 

instrument to the lidar being used, and there can 

be differences in the time, location, and 

wavelength between the lidar and the photometer.  

In addition, observing single stars involves 

accurate pointing of the telescope, which not 

needed when using a wide-angle lens and camera. 

This study examines the feasibility of using a 

novel technique of aerosol profiling, camera lidar 

or CLidar, to also measure AOD with no 

additional equipment. 

2. METHODOLOGY 

The CLidar technique uses a wide-angle lens on a 

CCD camera to image a laser beam, usually 

pointed vertically, from the ground to the zenith 

[6,7,8].  The geometry is shown in figure 1.  The 

technique is currently limited to nighttime 

conditions.  A continuous laser can be used since 

the altitude information is determined by the 

distance from the camera to the laser beam 

(usually a few 100 m), and the angle of 

observation.  The CLidar has no overlap function 

as in lidar, and there is no data acquisition 

electronics other than the computer to operate the 

camera.  Another difference with lidar is that light 

is scattered at 90 degrees at the ground and 

approaches 180 degree scatter as altitude 

increases.  An important property of the fisheye 

lens used is that each pixel maps to a constant 

angle. 

 

Figure 1, The geometry used for the CLidar 

technique along with three stars.  The star 

brightness is a measured in the same images used 

for the CLidar aerosol profiles.  

The integration period for the CLidar image is 

usually a few minutes, during which time brighter 

stars are also imaged.  So the brightness for each 
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star is being measured at the same location, time, 

and through the same interference filter as the 

laser beam.  Depending on the camera resolution 

and the lens used, a star is usually imaged onto 

several pixels. Pixel counts must be checked to 

insure there are no errors due to saturation effects. 

The standard calibration method for sun-

photometers, the Langley calibration, is to 

measure the sun as it rises or sets during which the 

air mass changes.  An air mass change of 2 to 8 or 

more is often desired.  The change of the log of 

the star brightness with air mass is linear, and the 

slope and zero air mass intercept are the 

calibration constants.  A single star can be used in 

the same manner, although the signal will be 

much weaker.  

The multi star method takes advantage of star 

brightness measured by astronomers.  By using a 

pair of stars and the stellar magnitudes for each, 

the AOD can be measured without the calibration 

constants.  This of course is not possible for sun-

photometers.  In this study, brighter stars in the 

CLidar image were identified and the Yale Bright 

Star Catalog Fifth edition was used for their 

magnitudes and relative positions to get their air 

masses.  Interpolations were made since the 

magnitude data does not match the laser 

wavelength.  The images were analyzed using 

software written in IDL (Interactive Data 

Language).  The stars signals were calculated by 

using an IDL  2-D Gaussian plus constant non-

linear least squares fit.  Error estimates were made 

using the pixel counts for each star in the images, 

which were used with estimates of the other 

quantities needed in the error propagation 

calculation. 

3. RESULTS  

The CLidar system used a Santa Barbara 

Instruments Group ST-1603 CCD camera cooled 

to -20 C.  The rectangular chip array is 1530 by 

1020, 9 micron pixels. The lens was a Sigma 

fisheye, 10 mm focal length, F/2.8.  The laser 

imaged is part of the NOAA/Mauna Loa 

Observatory lidar, which uses a doubled Nd:YAG 

laser operating at about 15 Watts (532 nm).  

Aerosol profiles were acquired but only the star-

photometer data are presented here. 

In figure 2 an example is shown of a Langley plot 

of the star Rigel in the constellation Orion on 

2010/11/10.  As the star rose above the horizon 

the integration time was 1 minute.  This changed 

to 3 minutes as the air mass decreased and wasn’t 
changing as rapidly.  A 532 nm interference filter 

with a 10 FWHH bandpass was inserted between 

the camera and the Sigma lens.  The R2 of 0.9944 

is equivalent to an AOD error of about +/-0.02, 

similar to other star-photometers [3,4].  There was 

very little aerosol over the observatory at the time, 

so the slope represents very clean air. 

 

Figure 2, Langley plot using the star Rigel in 

Orion under very low aerosol conditions.  The R2 

of 0.9944 is equivalent to an AOD error of about 

0.02. 

The multi-star method was also tested at Mauna 

Loa Observatory under very clean aerosol 

conditions on 2014/11/20.  The exposure time was 

15 seconds.  When using a pair of stars to 

calculate AOD, the signal for each star is 

compared to its stellar magnitude.  To minimize 

the error it is best to choose stars with different air 

masses.  The best results use a star low in the sky 

(high air mass, high extinction) and another higher 

in the sky (low air mass, low extinction).  In this 

example 10 of the brighter stars in the image were 

chosen which created 45 possible pairs.  Many of 

these pairs used stars with similar air masses and 

generated large errors.   
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Figure 3 shows the results for the 5 star pairs 

which had a calculated AOD error of less than +/-

0.05.  The AODs measured by AERONET on the 

daytime before and the daytime after this night 

were about 0.006.  This should be an upper limit 

on the real AOD on this night since the air 

generally gets cleaner at night at Mauna Loa 

Observatory.  There is currently a constant offset 

of -0.079 AOD generated in the analysis.  This 

offset has been subtracted from the results shown.  

The source of the offset is currently under 

investigation, but it is not believed that it affects 

the AOD error estimates quoted here. 

 

Figure 3, AOD measurements of clean sky 

conditions at Mauna Loa Observatory on 

2014/11/10 with a 15 second exposure.  The best 

5 out of 45 pairs are shown. 

Using all five star pairs results in an AOD error of 

+/- 0.0042.  In figure 3 a single star pair, #12, is 

seen to dominate the overall error.  It has a 

calculated error +/- 0.0044.  Without this pair the 

error is +/- 0.018.  There are other possible factors 

in the error calculation that may not be included 

such as the uniformity of the sensitivity of the 

CCD chip. These are currently under investigation 

but it is believed the error will lie between the 

0.0044 and 0.018 values.  The achievable error 

will depend on the actual operating conditions 

such as the number of bright stars available in the 

image, and background light at the observing 

location. 

 

4. CONCLUSIONS 

The simplicity and low cost of the CLidar 

technique is an attractive characteristic when 

measuring nighttime tropospheric aerosols.  The 

knowledge of AOD is a strong constraint on 

converting the aerosol backscatter profile to an 

aerosol extinction profile.  Using star brightness in 

the CLidar images to measure AOD is a 

promising addition with an error of +/- 0.01 

possible. 
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