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Abstract 

To examine the optical properties of aerosols and Asian dust, continuous monitoring 

has been performed at more than 20 lidar stations in the Asian Dust Network (AD-Net). 

Dual wavelengths depolarization lidar has been applied since 2010 at the Daejeon station 

(127.34E, 36.33N) in South Korea. This lidar system consists mainly of high power 

Nd:Yag laser, 300 mm telescope, and optical spectrometer with vertical and parallel 

depolarization channels at the two wavelengths of 532 nm and 1064 nm. For the analysis 

of aerosols and Asian dust, backscatter coefficients and depolarization ratios were 

retrieved with the assumption of the mixing condition of aerosols and molecules. The 

ratio of backscattering coefficient and depolarization ratio between the 532 nm and 1064 

nm were then achieved. To know the spatial and temporal variation of Asian Dust, the 

results of the depolarization ratios and the backscatter coefficients measured at Daejeon 

station were analyzed and compared with the results measured from other lidar stations 

in the AD-Net. 
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1. Introduction 

In every spring season, a huge amount of Asian dust generated in inner China, 

Mongolia, and Taklimakan areas are transported and widely dispersed to the East Asia 

region, including the Korean peninsula and Japan. As one of the major continental 

aerosols, Asian dust greatly affected radiation budget and climate changes, depending on 

their concentration, composition, and height distribution in the atmosphere. Optical 

properties, spatial distribution, and long-range transportation mechanism of the dust have 

been studied using ground based measurement profiles, satellite images, and numerical 

modeling. Among them, lidar measurements method provides a useful and simple tool 

that can directly measure the vertical profiles of the aerosols and dust up to the upper 

troposphere with higher spatial and temporal resolutions [1,2].  

Many studies about the origins and transportation route of the dust in the free 

troposphere have considered several dominant sources of Asian dust such as Mongolia, 

Taklimakan, and Loess area in east China. Recently, to know the contributions from 

unknown desert sources and understanding the transportation route, many lidar stations 

have been constructed in East Asia and collaboration measurements have been performed. 

Since 2001, the Asian dust Network (AD-Net) has been expanding the stations. At 

present, more than 20 lidar stations in Japan, Korea, and China are located in the Network 

[3]. For collaboration measurements, the Daejeon station in Korea has been involved in 

the Network since 2010.  

Because of the dust frequently mixed with pollutant gases or water vapor during their 

transportation, the optical characteristics of the dust are also changed. A polarization lidar 

technique is a very useful tool to distinguish the dust aerosol, spherical aerosols, and 

clouds according to their shapes. However, uncertainties of the dust aerosols (distribution, 



International Journal of u- and e- Service, Science and Technology  

Vol.9, No. 1 (2016) 

 

 

188  Copyright ⓒ 2016 SERSC 

amount, characteristics) still remain. To analyze the contribution of the dust and the 

spherical aerosol on the calculation of the backscattering coefficient, a method using 

depolarization ratio was developed and published [4]. We described the two wavelengths 

dual depolarization lidar system and the cases of Asian dust measurements at Daejeon 

station with results of other lidar stations in the AD-Net. Figure 1 shows the location of 

stations in the AD-Net. 

 

 

Figure 1. Stations in the AD-Net 

2. System Characteristics 
 

2.1. Lidar System 

Figure 2 shows a block diagram of the two wavelengths of the dual polarization 

lidar system and Table I is a specification of the lidar system. The system as one 

compact package unit consisted of a transmitter and receiver modules. After the 

installation, continuous measurements of the aerosols and cloud have been done 

with the operation rate more than 80% during last few years. The lidar system uses 

the second-harmonic Nd:YAG laser and 300 mm diameter telescope. The 

transmitting output energy at each wavelength of Nd:YAG laser is 65 mJ at 532 nm, 

190 mJ at 1064 nm. The receiving system has a Newtonian telescope with 30 cm 

diameter and four polarization channels that are 532 (Vertical)/532 (Parallel) and 

1064 (Vertical) /1064 (Parallel). PMT and APD detectors are allocated to the 532 

nm and 1064 nm channels respectively. For the depolarization alignments, the 

polarizing beam splitter (PBS) is used only for the separation of the polarization 

(Vertical and Parallel) and an additional polarizer to purify the polarization of the 

receiving beam is not used. By the adjustment of the incident beam to the PBS, 

positions of the polarization axis are aligned to transmitted beams. Before the 

experiments, using the linear polarization sheet that was located at the front of the 

dual-polarization optics, the sensitivity of the signal at polarization channels is 

accurately adjusted. We adjust the polarization axis to be parallel to the detection 

gain by rotating the polarization sheet that is relatively different about 45
o
 degrees 

with the polarization axis. 
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Figure 2. Block Diagram of ACA Lidar System 
(1. Main Mirror, 2. Telescope Reflection Mirror, 3. Secondary Mirror, 4. Iris,  

6. Polarization 7. Focusing Lens, 8. Transmitter Reflection Mirror, 10. 
Interference Filter, 11. Beam Expander, 12. PMT 13. APD, 14.ND:YAG Laser, 

14.1 Digital OSC, 15. PC1, 16. PC2) 

Table 1. Specification of Lidar System 

Transmitter 

Laser: Surelite Ι-10 

Max. output: 470 mJ @1064 nm 

220 mJ @532 nm 

Beam div: 0.6 mrad 

Repetition: 10 Hz 

SHG: type Ι for 1064 nm and 532 nm 

Receiver 

Telescope: Newtonian type 

1st mirror, 300 mm 

FOV, 0.3-6.4 mrad (1 mrad) 

Receiving channel: 1064 nm V and 1064 nm  P 

532 nm V and 532 nm P 

Detector: PMT , Hamamatsu-H6780 

APD , Licel-APD-1.5 

Data Acquisition: LeCroy-LT264, 4ch, 

350 MHz, 1 GS/sec, 8 bits 

Operation mode: 5 min-on, 10 min-off 

Range resolution: 6 m 

 
2.2. Data Processing 

Using the return signal at 532 nm and 1064 nm, we calculate the aerosol backscattering 

coefficient a using the Fernald method [5].
  
At the first step in the calculation of a, the 

value of a(zb) is given as the boundary value at the boundary altitude zb. Usually, the a 

priori value of 0%–3% of the Rayleigh backscattering coefficient at the altitude of 6–10 

km
 

is used as the boundary a(zb) value, and the boundary altitude zb and the 

extinction/backscatter ratio of aerosols Sa are assumed to be constant with time and 
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altitude. The ratio of depolarization ratio (RDR) is a ratio of aerosol depolarization ratio 

of 1064 nm and 532 nm, and the ratio of backscatter coefficients (RBC) is a ratio of 

aerosol backscatter coefficients of 1064 nm and 532 nm. 

 

3. Measurements of Asian Dust 

In the spring season of 2011, we measured very heavy dust layers in the lower 

troposphere by the lidar during the 30th of April (19:20, UTC) ~ May 3
rd

 (13:00, UTC) at 

Daejeon station. Figures 3 and 4 show Time-Height Indication (THI) plots of backscatter 

coefficient between 1064 nm and 532 nm (c). They also show a depolarization ratio of 

532 nm (d), 1064 nm (e), and ratio of depolarization ratio between 1064 nm and 532 nm 

(f). 

  

Figure 3. Time-Height Indication (THI) Plots of Backscatter Coefficient of       
532 nm (a), 1064 nm (b), and Ratio of Backscatter Coefficient between 1064 
nm and 532 nm (c) Measured During a Period of April 30th ~ May 3rd in 2011 

at DaeJeon Station 

Higher backscatter coefficients and depolarization ratios measured at each wavelength 

of 532 nm and 1064 nm below 4 km were observed during that period of April 30
th
 – May 

3
rd

. The maximum backscatter coefficient of 532 nm showed over 10-5(/m/sr). The value 

of ratio of backscatter coefficient between 1064 nm and 532 nm(c) dependent on particle 

size showed near 1 and indicate that larger particles were located in the center of the dust 

layer. The maximum depolarization ration showed about 25~30 % at 532 nm and about 

45% at 1064 nm. The higher depolarization ratios over 4 km in the THI were 

distinguished with the cloud layers. The value of ratio of depolarization ratio between 
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1064 nm and 532 nm showed 1~2 in the dust layer. These values of over 2 in the dust 

layer were maybe the mixed with local spherical aerosols. 

 

Figure 4. Time-Height Indication (THI) Plots of Depolarization Ratio of         
532 nm (d), 1064 nm (e), and Ratio of Depolarization Ratio between 1064 nm 

and 532 nm (f) Measured During a Period of April 30th ~ May 3rd in 2011 at 
DaeJeon Station 

4. Comparison 

Figures 5 and 6 show the Time-Height Indication (THI) plots of depolarization ratio of 

532 nm and Ratio of backscatter coefficient between 1064 nm and 532 nm measured at 

Zamynuud (111.90E,43.72N), DaeJeon (127.34E, 36.33N), Nagasaki (129.98E, 32.94N), 

Osaka (135.59E, 34.65N), Tokyo (139.71, 35.69N), and Tsukuba (140.12E, 36.05N). 

Very heavy dust of over 30% depolarization ratio started to measure in Zamynuud station 

located in Inner Mongolia, from April 29th (00:00, UTC). From April 30
th
 (18:00, UTC), 

the transported dust layer were measured at Daejeon station in the altitude range of 0~4 

km with depolarization ratio over 25%~30%. Its dust layer was also widely spreading and 

transported to the East Asian region along with the seasonal wind direction. From May 1
st
, 

many lidar stations located in Japan started to measure the dust layer sequentially in 

Nagasaki (03:00, UTC), Osaka (06:00, UTC), Tokyo (12:00, UTC) and Tsukuba  
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Figure 5. Time-Height Indication(THI) Plots of Depolarization Ratio of 532 
nm Measured at (a) Zamynuud (111.90E,43.72N), (b) DaeJeon (127.34E, 
36.33N), (c) Nagasaki (129.98E, 32.94N), (d) Osaka (135.59E, 34.65N), (e) 

Tokyo (139.71, 35.69N), and (f) Tsukuba (140.12E, 36.05N) 
 

 

Figure 6. Time-Height Indication (THI) Plots of Ratio of Backscatter 
Coefficient between 1064 nm and 532 nm Measured at (a) Zamynuud 

(111.90E,43.72N), (b) DaeJeon (127.34E, 36.33N), (c) Nagasaki (129.98E, 
32.94N), (d) Osaka (135.59E, 34.65N), (e) Tokyo (139.71, 35.69N), and (f) 

Tsukuba (140.12E, 36.05N) 
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(13:00, UTC). However, the Ratio of backscatter coefficient between 1064 nm and 532 

nm in each station showed that a different color index may be caused by different 

calibration value and height in Fernald calculation of aerosol backscatter coefficient. 

 

      
 

Figure 7. Backward Trajectory Analysis Started below 2 km at Daejeon 
Station on April 30th (18:00, UTC) 

  

 

Figure 8. Forward Trajectory Analysis Started below 2 km at DaeJeon    
Station on May 1st (06:00, UTC) 
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To know the transported route of the dust layer, a backward and forward trajectory 

analysis from Daejeon station was performed. Figure 7 and 8 show the results of the 

backward and forward trajectory analysis. NOAA HYSPLIT MODEL using GDAS 

meteorological data was used for this Analysis [6]. The backward and forward trajectory 

below 1~2 km over Daejeon station started with a running time of 60 hrs. The result of 

this analysis clearly showed that the dust transported route passed the Zamynuud 

(111.90E, 43.72N) area within 50 hrs. The forward trajectory also showed the dust layer 

over Daejeon station passed the Nagasaki area (129.98E, 32.94N) within 18 hrs. Its 

analysis results coincided well with the results of lidar measurements at each station in 

AD-Net. 

 

5. Conclusion 

To know the optical properties and transport route of Asian Dust, monitoring has 

been performed with two wavelengths depolarization lidar in Daejeon station as one 

of the stations of AD-Net since 2010. In the spring of 2011, we measured strong and 

long-term sustained Asian dust events during a period from April 30th (19:20, UTC) 

to May 3
rd

 (13:00, UTC). The maximum backscatter coefficient over 10-5 (/m/sr) 

and depolarization ratio over 25~30 % at 532 nm were observed respectively during 

that period. However, the ratio of backscatter coefficients between 1064 nm and 532 

nm measured at several stations showed different values that maybe caused by a 

determination of different calibration heights and values in their stations. At the 

time period within 1-3 days, similar dust events were measured consequently in 

many lidar stations in AD-Net such as Zamynuud, Nagasaki, Osaka, Tokyo, and 

Tsukuba. The backward and forward trajectory analysis by NOAA HYSPLIT Model 

was performed to figure out the transport route of the dust and showed coincidence 

with the results of lidar measurement in the station of AD-Net. 
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