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ABSTRACT 
 
Measurements of mineral dust and cirrus cloud with a 
Micro-Pulse Lidar (MPL4) and a linear polarization 
lidar were compared at the Semi-Arid Climate and 
Environment Observatory of Lanzhou University 
(SACOL) site in Lanzhou, China. The linear 
depolarization ratio converted from the MPL 
depolarization ratio agreed with that measured with 
the linear polarization lidar within 10%. However, 
slight systematic differences were seen in cirrus 
cloud and mineral dust measurements in different 
senses. Non-random orientation of ice particles in 
cirrus cloud may be the causes of the differences, but 
the reason for the mineral dust particles is not known. 
The difference does not significantly affect the total 
lidar signal power of MPL4, and the attenuated 
backscattering coefficients from the two lidars agreed 
reasonably. 
  
1. INTRODUCTION 
 
       The understanding of the direct, indirect, and 
semi-direct effects of mineral dust is still low 
compared to other atmospheric aerosols although 
dust-related effects are potentially large [1, 2]. The 
difficulty in studying the mineral dust aerosol is due 
to the heterogeneity in both space and time of their 
concentrations and properties, and to the complexity 
of their compositions that evolve during their 
transport including possible interactions with other 
aerosols and clouds [3, 4]. Especially, the vertical 
distribution of mineral dust in the atmosphere is a key 
element in estimating its effect on radiative forcing 
and associated climatic impacts [5, 6, 7, 8], which 
must be assessed over the world.  
       We plan to build a lidar observation network for 
detecting the optical properties of mineral dust over 
Northern China, which is one of the largest dust 
sources and seriously affected by dust events due to 
several dust deserts there (e.g., Takalimakan desert 
and Gobi desert). Each observation site of the 
network will employ a ground-based Mie-scattering 

polarization lidar system and a sun photometer (or 
sky radiometer). Some solar spectral radiometers and 
sampling meters perform necessary dust monitoring 
tasks at some basic sites. Space-borne measurements 
(e.g., CALIPSO and OMI) over the region also 
provide important information about mineral dust. 
Furthermore, that cooperating with other developed 
networks (e.g. AERONET, SKYNET and AD-NET) 
for investigating aerosol climatic effects will help us 
better observe long-range transport mechanisms of 
dust storms and air pollution. Therefore, vertical and 
horizontal distributions of optical properties of 
mineral dust both in space and time in the atmosphere 
and other associated environmental problems and the 
mechanism of dust emission and long-distance 
transport, over Northern China even to East Asia, 
will be directly obtained from the network 
observation. Simulations of microphysical and 
chemical properties of mineral dust and its radiative 
forcing will benefit from the results of the lidar 
network observation by some related models (i.e., 
Fu-Liou radiation model and CFORS). In other word, 
our network observation will help us better 
understand the impact of mineral dust on the climate 
and climate change, and early warning of dust events 
and air pollution in East Asia.  
        However, one of the difficulties we encountered 
was that there are different types of lidar systems for 
detecting vertical distributions of atmospheric 
aerosols and clouds in the network. Therefore, it is 
very important to use intercomparison measurements 
to check the performance and reliability of individual 
lidar systems. In order to determine the precision of 
each lidar system, a MPL4 and a linear polarization 
lidar were located close together and probed nearly 
the same volume of aerosol and clouds in the 
atmosphere. 
        In this paper, comparisons of instruments and 
observation results between NIES lidar and MPL4 
were studied using lidar measurements at SACOL 
site [9] in Lanzhou, China, beginning in November 
2009. The introduction of two different types of lidar 
systems and the method will be described in section 2 
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and intercomparison results will be shown and 
discussed in section 3. 
 
2. MEASUREMENTS AND METHOD 
       
      The polarization lidar observations were 
performed by two different Mie-scattering lidar 
systems at SACOL site. One was developed by NIES 
in Japan for continuous network observations. It 
employs a flash-lamp-pumped, second-harmonic Nd: 
YAG laser and a receiver telescope with a diameter 
of 20cm. The transmitted laser (532nm) is linearly 
polarized, and two polarization components of the 
scattered light were detected with two 
photomultiplier tubes [10]. Five-minute 
measurements are taken automatically every 15min 
typically in long-term observations. The other is a 
polarized MPL4 that is an eye-safe, compact and 
maintenance-free lidar system originally developed 
by Spinhirne [11]. The MPL4 uses an Nd: YLF 
pulsed laser diode, operating at a wavelength of 527 
nm. The continual aerosol and cloud measurements 
are acquired with a 30-m range resolution and a 1-
min time average. MPL4 has a depolarization ratio 
measurement capability using an actively controlled 
liquid crystal retarder to switch between the two 
different modes. MPL measures the cross polar signal 
with a linearly polarized transmitted beam and the 
co-polar signal with a circularly polarized beam [12]. 
The depolarization ratio obtained is so-called MPL 
depolarization ratio. The MPL depolarization ratio is 
defined by 
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The linear depolarization ratio, the circular 
polarization ratio, and the MPL depolarization ratio 
can be written as follows. 
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From these equations, the following relationship is 
found between δlinear and δMPL. 
 

δ linear = δMPL /(δMPL + c) 
 

Where c = (2b3 − 2a3) /(a1 − a4 ) . 
The total lidar signal power and attenuated 
backscattering coefficient for MPL can be then 
written as, 
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Here Clidar is the system constant of lidar. If the 
particles are randomly oriented, b3=0, a2=-a3 and 
a4=a1-2a2, and consequently c=1. However, c can 
differ from 1, in general.       
       In order to study the relationships between the 
linear depolarization ratio and the MPL 
depolarization ratio for different types of scatterers, 
three cases are considered (namely, cirrus cloud, 
mineral dust and background aerosol). The selection 
criterion for each case is as follows: a) Cirrus cloud: 
the data above 3 km having the attenuated 
backscattering coefficients measured with NIES lidar 
are larger than 0.2 (10-5/m/sr) and smaller than 10.0 
(10-5/m/sr); b) Mineral dust aerosol: all particles 
below 3km from Dec. 24 to 31, 2009 and Jan. 19 to 
29, 2010 where high depolarization ratios were 
observed c) Background aerosol: except for the above 
two cases, all remaining particles are considered as 
background aerosol. 
 
3. RESULTS AND DISCUSSION 
 
       Depolarization lidar measurements from two 
different types of lidar systems at SACOL site in 
Lanzhou, China from Nov. 24, 2009 to Jan. 29, 2010 
are used in this study (Fig. 1). Attenuated 
backscattering coefficients from NIES lidar 
observations were shown as Fig. 1a. Fig. 1b and 1c 
show different depolarization ratios observed by 
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NIES lidar and MPL lidar, respectively. Two 
wintertime dust events were both observed by two-
lidar systems. We can see that mineral dust aerosols 
and cirrus cloud both exhibited high depolarization 
ratios.  
  

 
Fig. 1. Lidar observations of a) attenuated backscattering 
coefficients from NIES lidar, b) linear depolarization ratio 
by NIES lidar and c) MPL depolarization ratio at SACOL 
for Nov. 24, 2009 to Jan. 29, 2010. Red boxes denote the 
regions of dust aerosol. 
 
        The relationships between linear depolarization 
ratio observed by NIES lidar and MPL depolarization 
ratio for different types of particles were shown in 
Fig. 2. The depolarization ratio of cirrus cloud is very 
high (mostly greater than 0.3) and the relationship 
between two different polarized observations is 
decentralized and not obvious. However, it is more 
centralized for background aerosol and especially for 
dust aerosol. One of the reasons for this phenomenon 
may be that cirrus cloud have much more multi-
scattering effects than the other two types. For 
different types of particles, c equals to 0.913, 1.0 and 
1.085 for cirrus cloud, background aerosol and 
mineral dust, respectively. Our results agree well 
with the Connor’s results for background aerosol but 
not for mineral dust aerosol and cirrus cloud.  
        MPL depolarization ratios of cirrus cloud and 
mineral dust aerosol are converted to linear 
depolarization ratio by assuming c=1 and then 
compared with those from NIES lidar observations 
(Fig. 3). Orange and blue colors represent dust 
aerosol and cirrus cloud respectively. We can see that 
linear depolarization ratio of cirrus cloud exceeds 

those of dust aerosol in winter. The differences are 
quite obvious, although reasonable, for cirrus cloud 
and mineral dust. One of the reasons for our results is 
that ice crystals have a non-random orientation, but 
for mineral dust is not known. 
 

 

 

Fig. 2. Scatter plot of 
relationships between linear 
depolarization ratio and 
MPL depolarization ratio 
for different types of 
particles, a) Cirrus cloud, b) 
Mineral dust and c) 
Background aerosol. 

        
       The total lidar signal power for MPL were used 
to obtain attenuated backscattering coefficients and 
compared with those from NIES lidar indicated 
reasonable agreement between them. 
 

 
Fig. 3. Comparisons between linear depolarization ratios 
measured by NIES lidar and converted from MPL 
polarization observations using Connor’s relationship. 
Orange and blue colors denote dust aerosol and cirrus cloud 
respectively.  
 
4. CONCLUSION 
 
       The linear polarized NIES lidar observations 
were compared directly with the polarized MPL lidar 
observations. The relationships between linear 
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depolarization ratio and MPL depolarization ratio 
depend on four elements (a1, a3, a4, and b3) of the 
backscattering Mueller matrix. Non-random 
orientation of ice particles in cirrus cloud may be the 
causes of the difference but for mineral dust it is still 
not known. The difference does not significantly 
affect the total lidar signal power of MPL, and the 
attenuated backscattering coefficients from the two 
lidars agreed reasonably. Further measurements 
results will be discussed at the conference. 
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