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ABSTRACT 

This paper briefly discusses the aerosol profiles in the 
marine atmospheric boundary layer (MABL) detected 
by a high spectral resolution lidar (HSRL) system 
developed by the Ocean Remote Sensing key 
Laboratory of the Ministry of Education of China, 
Ocean University of China (OUC). In this system, 
iodine filter was used to reject the Mie scattering signal. 
We got the aerosol scattering ratio (Rb) using the HSRL 
and analyzed the correlation index of Rb and the 
Relative Humidity(RH) under different weather 
conditions, and the height of MABL was derived from 
the Rb profiles using wavelet method.  

1. INTRODUCTION

Atmospheric aerosol varies with time, location and 
altitude. The component of aerosol are very complicated, 
which make it difficult to measure its refractive index 
and extinction property. Few data are available about 
the aerosol characteristics over the Eastern China Sea. 

Lidar provides effective ways of aerosol measurement, 
She et al proposed to measure the vertical profiles of 
aerosol and atmospheric properties using the high 
spectral resolution Rayleigh-Mie lidar. Fischer used two 
Fabry-Perot interferometers to detect the vertical 
profiles of wind and aerosol[1]. We can get the Rayleigh 
scattering component of atmospheric molecules directly 
using iodine filter, where iodine filter was used extract 
the contribution of Rayleigh component by blocking the 
scattering component of aerosol. Then the scattering 
ratio measured by lidar was used to calculate aerosol 
contribution. This kind of high spectral resolution 
method has potential application in the detection of 
aerosol in both troposphere and stratosphere, where 
aerosol are rare. We have built such a high spectral 
resolution lidar (HSRL) and detected atmospheric 
aerosol profile successfully. 

2. LIDAR SYSTEM AND DATA PROCESSING 

The backscattering signals measured by lidar are 
composed of the contributions from both aerosol and 
molecules. To detect aerosol, it is necessary to separate 
the aerosol scattering and molecular scattering. The high 
spectral resolution lidar (HSRL) with iodine filters has 
been described by Liu[2] (Fig.1). The master of the 
system is the two-wavelength diode pumped cw 
single-mode tunable Nd: YAG seed laser. The 

    
Fig.1.  Optical Diagram of HSRL 

     
Fig.2.  The iodine transmission line of NO.1109 and 

the lock point A 

fundamental output at 1064 nm is used to seed a 
Continuum Powerlite 7000 Nd: YAG pulsed laser. The 
532nm output of the seed laser is sent to iodine filter 
cell 1 to control and lock the seed laser frequency. 
Absorption line No.1109 of the iodine is selected for our 
lidar system. Under the operating conditions, its 
normalized transmission function is shown in Fig.2. We 
can measure the aerosol backscattering ratio, Rb=  / m,
using the system by locking the frequency of the seed 
laser at the 1109 line center of iodine where the aerosol 
backscattering will be absorbed. The reference channel 
and the measurement channel are given in Eq.1 and 
Eq.2 below: 
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Which are, respectively, the aerosol attenuation factor 
due to iodine filter at the receiving frequency v=v0, the 
attenuation factor for Cabannes-Brillouin scattering by 
the iodine filter, and the expression showing that the 
normalized Cabannes-Brillouin scattering function,

( , , )T P is used here. F(v) is the transmission 
function of the iodine filter for the return signal. In Eq.1 
and Eq.2, KR and KM are system constants, respectively, 
for reference and measurement channel, depending on 
total laser emission energy, optical efficiency and range 
factor; and r is the range resolution. and m ( a and

m) are aerosol and molecular volume backscatter 
(extinction) coefficients, respectively. 

Setting 0af in Eq.2, the atmospheric aerosol 
scattering ratio Rb can be expressed as: 
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Where ( )m mD D r , ( )bm b mR R r , and mr is the height 
where Rb is minimum.   

Using this method, the aerosol scattering ratio Rb can be 
measured with higher accuracy because it was not 
influenced by the variation of Rayleigh scattering 
spectrum with the atmospheric temperature.  

3. EXPERIMENTAL RESULTS AND  

COMPARISONS 

The observation place is located at Ocean University of 
China near the Yellow Sea coast, about 500m off the 
seashore. We measured aerosol scattering ratio (Rb)
using our HSRL successfully, and the weather 
conditions include fine, cloudy and foggy. We 
compared the HSRL results with the rawinsonde balloon 
data which we can get twice (8:00 and 20:00) every day 
from Qingdao Observatory near our lidar system.  

3.1 The aerosol profiles in the marine atmospheric 

boundary layer 

Fig.3(a) shows the aerosol scattering ratio (Rb) profile 
under cloudy condition observed at 1257 UTC, Oct 21,  

Fig. 3. (a)  Aerosol scattering ratio, 1257 UTC, Oct 21, 2005  
(b)  Aerosol scattering ratio, 1536 UTC, Nov 9, 2005  
(c)  RH, 1200 UTC, Nov 9, 2005 

Fig. 4. (a)  Aerosol scattering ratio, 1554 UTC, Apr 14, 2005,  
(b)  RH, 1200 UTC, Apr 14, 2005  
(c)  Potential temperature, 1200 UTC, Apr 14, 2005 

2005, from which we can get the base and top height of 
the cirrus, 10km and 12km respectively, and the optical 
depth can be calculated from the return signals. The 
aerosol concentration decreased gradually from the 
ground to 1km. Fig.3(b) shows the aerosol scattering 
ratio (Rb) profile in foggy observed at 1536 UTC Nov 9, 
2005. The increase of the backscattering fraction is 
caused by fog, so Rb is about 26 near the ground, larger 
than that in fine day(Fig.3(b)), while the Relative 
Humidity (RH) is about 92% (Fig.3(c)). at the same 
altitude. 

From the Fig.4(a), we can see that there was an aerosol 
layer at height of about 1km. The main reason was the 
water vapor effect(Fig.4(b)), as well as a large potential 
temperature gradient (Fig.4(c)) .The profiles of aerosol 
and RH indicated multilayer character of MABL.

3.2 The profiles of aerosol and RH  

Aerosol particles are known to absorb or release water 
in response to the changing RH of the atmosphere. As 
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particles absorb or release liquid water, their physical 
and chemical properties such as size and index of 
refraction will change. Here, we have analyzed the 
correlation index between the profile of aerosol 
scattering ratio (Rb) and the RH. Fig.5 shows Rb and RH 
in cloudy condition, which correlation index is 0.90. 
The Rb ranges from 0 to 7 while RH 0~ 50 below 4km 
and both of them have a large gradient at 2km. When 
fog occurred, Rb would be very large caused by water 
vapor, which can be 26 while RH is 92% near the 
ground (Fig.6, the correlation index is 0.87). Under 
smoke condition, the main component of aerosol was 
not water vapor but dusts, so the index would be small

Fig.7, the correlation index is 0.70 . Fig.8 is the 
MODIS satellite image 1000 UTC, Nov 24, 2005. The 
weather is smoky known from Qingdao meteorological 
bureau.   

Fig.5.  The correlation index is 0.90 between  
Rb(1315 UTC, Oct 16,2004)and RH(1200 UTC, Oct 16,2004) 

Fig.6.  The correlation index is 0.87 between          
Rb(1536 UTC, Nov 9, 2005)and RH(1200 UTC, Nov 9, 2005) 

Fig.7.  The correlation index is 0.70 between 
Rb(1321 UTC, Nov 24,2005)and RH(1200 UTC, Nov24,2005)

Fig.8.  MODIS satellite, 10:00 UTC, Nov 24,2005, smoky  

3.3 The height of the marine boundary layer  

The height of the atmospheric boundary layer is one of 
the fundamental parameters that was used to 
characterize its structure (Gryning et al., 1987). The top 
of the MABL is generally marked by a temperature 
inversion as well as a large RH gradient. A wavelet 
method based on a Haar function (Davis et al., 2000) is 
used for analyzing for the aerosol scattering ratio 
profiles, then the marine boundary layer height is 
extracted from the profiles. The results were compared 
with the heights deduced from the profiles of potential 
temperature and RH(Fig.9-Fig.11). The results are 
summarized in Table 1.  

4. CONCLUSION 

In this observations, we can get some characters of the 
marine atmospheric boundary layer structure: (1)the 
correlation index between the aerosol scattering ratio(Rb)
and RH is above 0.8 when fine and foggy, and the



Fig.9.  Rb (1331 UTC Nov 08, 2005), RH 
and potential temperature (1200 UTC Nov 08, 2005) 

Fig.10.  Rb(1321 UTC Nov 28, 2005), RH 
and potential temperature (1200 UTC Nov 28, 2005) 

Fig.11.  Rb(1338 UTC Nov 29, 2005), RH 
and potential temp (1200 UTC Nov 29 2005) 

Date Rb(km) RH (km) Potential temp (km)

08-11-2005 1.71 1.77 1.68 

28-11-2005 1.68 1.62 1.32 

29-11-2005 2.19 2.22 1.92 
Table 1: MABL from the Rb of HSRL, RH 

 and potential temperature from pilot balloon 

correlation index is about 0.7 when smoky;(2) the top 
height of marine atmospheric boundary layer of the 
Yellow Sea near Qingdao is about 1.5km to 2.5km; (3) 
the multilayer phenomenon appeared sometimes. 
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