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1.- AEROSIBNET. 

Joint efforts to organize the regular 
observations of atmospheric aerosol in Siberia are 
made by Goddard Space Flight Center NASA and 
Institute Atmospheric Optics (Siberian Branch of 
Russian Academy of Science). The selected 
approach provided operation of two subsystems: 

CE-318 radiometer of the global network 
“AERONET” [1] and SP–6 type of sun photometers 
designed in Russia (SibRad System). It is planned to 
organize aerosol monitoring in 10–15 regions from 
Ural to Russian Far East aimed at solving of climatic 
problems and interpretation of the data of 
spaceborne remote sensing of natural resources of 
the Earth. Main tasks are the following: 
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1) investigations of the properties and climatic 
forcing of atmospheric aerosol and the 
peculiarities of its variability in different regions 
for subsequent development of forecasting 
models; 
2) the use of the data obtained for atmospheric 
correction of satellite data and improvements of 
the methods for spaceborne remote sensing. 
The arrangement of photometers over the 

territory from the Ural to Far East and brief 
characteristics are summarized in Figure. 1. 

The main idea of arrangement of the 
photometric network is the following. The 
photometers designed at Institute of Atmospheric 
Optics SB RAS are installed in big cities, and the 
photometers of the “AERONET” network are placed 
in clean background regions. Combined analysis of 
the data obtained at such arrangement provides for 
correct estimating aerosol characteristics in the 
region as whole and selecting the anthropogenic 
component by specific industrial source. 
 

 

 
Figure 1.- Map of sun photometer sites. 

 
 
2.- SibRad System. 
2.a.- Main parts of SibRad. 

The AERONET observation system employing 
CE318 automatic sun tracking photometers is 
commonly known therefore consider the Russian 
SibRad System developed in the Institute of 
Atmospheric Optics (Tomsk) in greater detail. The 
SibRad Information and Measurement System 
includes (a) a robotic network of SP-6(7) sun 
photometers operating as a system of sensors with 
remote INTERNET access and (b) an information 
module with a database and software for network 
control and calculation of the sought characteristics. 
SP-6 is a filter photometer with a built-in 
microcontroller and an automatic sun tracker [2].  

 
2.b.- Sun photometer SP-6. 

The automatic operation of the SP-6 
photometer involves the following functions: 

a)  continuous time monitoring and calculation of 
the current sun elevation; 

b)  at the sun elevation higher than 10°, 
determination of the "clear sun" situation, 
pointing, and sun tracking; 

c)  measurement and accumulation of atmospheric 
spectral transmittance signals; 

d)  under cloudy situations, parking of the 
photometer, that is, its switching into the stand-
by mode; 

e)  self-diagnosis of the device, including 
measurement of noise, thermostat temperature, 
etc.; 

f)  regular (once an hour) measurement of the 
ambient temperature, humidity, and pressure at 
the photometer site. 
External view and design of the photometer is 

shown in Figures 2, 3. Atmospheric transmittance is 
determined in three measurement channels: 
ultraviolet (UV), shortwave (SW), and longwave 
(LW). To estimate radiance in different spectral 
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ranges, the photometer is equipped with interference 
filters set in a turret revolved by a stepper motor. 
The photometer is mounted on a two-coordinate 
(zenith/azimuth) turntable. Electric drives are 
controlled by a system of coordinate photosensors, 
including four photodiodes of the rough pointing 
scheme and a four-sector photodiode (at the lens 
focus) of the precise tracking system. 

 

 
Figure 2.- External view of the SP-6 sun 

photometer. 
 
Sensors of meteorological parameters are 

placed in a separate vented container, which protects 

sensitive elements from the direct solar radiation. 
Wide-angle solar sensor No. 1 (SS1) is installed in 
the upper part of the container. This sensor is used 
for determination of "clear sun" situations. The 
decision to turn the pointing system on is based on 
the comparison of the sensor signal with the 
predetermined threshold value ∆1(Z) for every solar 
zenith angle Z. The decision to measure the 
transmittance (or to return into the stand-by mode) is 
taken after comparison of the signal of the SS2 
narrow-angle sensor with the second threshold 
∆2(Z). 

The main part of the electronic circuit is a 
controller plate, which includes an ADS7824P 4-
channel 12-bit ADC, a stepper motor control driver, 
an 8-channel 10-bit ADC, and an ATMEGA163 
RISC AVR microcontroller [3]. The operation of the 
microcontroller and the photometer as a whole is 
controlled by a PC program. The computer has an 
INTERNET connection. The data accumulated for 
24 hours are automatically transferred into a data 
collection and processing center. The latest version 
of the photometer (SP-7) can operate without PC 
due to a more powerful controller. 

To meet the requirement of all-the-year-round 
open-air operation of the photometer, a container 
with a silica gel drier is set in its sealed housing and 
a two-stage thermostat scheme is applied. The basic 
specifications of the SP-6 photometer are 
summarized in Table 1. 
 

 

 
 

Figure 3.- Design of the SP-6 sun photometer. 
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TABLE 1. 
Basic characteristics of SP-6 photometer. 

 
Characteristics UV channel SW channel LW channel 

Field of view, deg. 0,9 1,4 2 
Number of wavelengths 5 7(8) 6 
Filters, µm 0,308; 0,322; 

0,34; 0,37; 0,41 
(0,41); 0,44; 0,5; 0,55; 
0,67; 0,87; 0,94; 1,05 

1,25; 1,55; 2,06; 
2,14; 3,3; 4,0 

FWHM, nm 5-8 5-10 15-30 
Error of signal measurement, better than % 1 0.5 1 
Sun tracking error, deg.  0,2  
Time for single spectrum recording, s  40  
Pointing angles (zenith×azimuth), deg.  90×300  
Thermostat temperature, °С  (32÷35) ± 0,3  
Operating temperatures, °С  −50 ÷ +35  

 
 
 
2.c.- Information module. 

The information part of the SibRad system [4] 
is now at the stage of trial operation. This part 
consists of the following components: 
1. Suit of programs to control the hardware (see 
above), to transfer data to the processing center 
(Tomsk), and to synchronize photometers with 
GMT. 
2. Software for data processing, namely:  
- calculation of band transmission functions of 

gases and their parameterization using the latest 
spectroscopic information (HITRAN 2000 etc.); 

- automatic filtering of signals and calculation of 
physical characteristics; 

- automatic diagnosis of photometers, scheduling. 
3. Program for data presentation in the INTERNET 
in the form of html and xml documents. (Automatic 
data processing is performed in accordance with the 
RDF standard.) 
4. Database of physical characteristics and service 
information, including: 
- photometer certificates (addresses of 

photometer sites, calibration constants, etc.); 
- measured (initial) signals of atmospheric 

spectral transmittance; 
- diagnostic data of photometers and atmospheric 

meteorological parameters; 
- −aerosol optical thickness and Angstrom 

parameters; 
- total column water vapor and ozone. 

 
2.d.- Calculation and calibration procedures. 

The algorithm for calculation of AOD and the 
water content of the atmosphere [2, 5] uses the 
approach similar to that described in [6]. A feature 
of this technique is that signals are first corrected for 
molecular absorption and scattering, that is, 
"aerosol" signals are obtained. The correction 
procedure involves division of the measured signals 
by the band transmission functions calculated using 
the model data of the HITRAN-2000 code with 
allowance for the photometer instrumental functions 
(practically, spectral transmittance of the filters). 
Besides, the calculation of the transmission 
functions of water vapor accounts for its actual 
content estimated based on the data measured in the 
0.94 µm spectral channel. The obtained aerosol 
signals are then used both for calibration and for 
calculation of atmospheric aerosol optical thickness. 

The photometers are calibrated by the standard 
methods: the Langley approach for aerosol and the 
modified Langley approach for water content. 
Starting from the spring of 2004, it is planned to 
perform every-year calibration of the network SP-
6(7) photometers in the Mondy mountain 
observatory (2.2 km asl). To improve the reliability 
of the data, the photometers located in Tomsk will 
be intercalibrated with the CE 318 photometers 
(AERONET). The already obtained results of 
simultaneous observations have shown that the 
atmospheric aerosol optical thickness values for the 
both instruments and methods differ by no more 
than 0.02. 

 


