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ABSTRACT 

This paper presented a new height-resolved view 

of global dust transport based on 2007-2010 A-

train observations. First, a new dust identification 

methodology was developed to improve optically 

thin dust layer detection. Second a new dust 

partition methodology was developed and applied 

to CALIPSO lidar measurements to derive dust 

partitions in external mixed aerosols. These new 

approaches allow a new view of global dust 

distribution from dense dust layers near the strong 

source regions to the optically thin, but significant 

dust layers from the point of view of aerosol–

cloud interactions, over the weak source regions, 

the transport areas, and the upper troposphere. 

The results will not only help us to better 

understand global dust transport and dust-cloud 

interactions, but also provide critical information 

for model evaluations and improvements. 

 

1. INTRODUCTION 

Dust aerosols are well known for the role in 

modulating the climate system at local and global 

scales [1]. The airborne dust mass is of great 

importance to models in aspects of radiations and 

cloud microphysics [1,2].   However, current 

models still have large uncertainties in simulating 

dust optical depth, vertical extinction profiles and 

seasonal variations [3], which stresses the need of 

better dust observations to improve dust related 

processes in the models, especially in the free 

troposphere where the dust loading is lower [4，
5]. Reliable height-resolved dust identification 

and mass estimation approaches are needed to 

provide more accurate dust loading estimations, 

and thus to improve our understanding of the 

mixing of the climate-relevant aerosol 

components, the long range transport of the dust, 

and the impact of aerosols on regional climate 

[5,6,7].  

  This paper aims to provide a new and complete 

global height-resolved view of dust distribution by 

improving thin dust identification based on Cloud-

Aerosol Lidar and Infrared Pathfinder Satellite 

Observations (CALIPSO) Cloud-Aerosol Lidar 

with Orthogonal Polarization (CALIOP) 

measurements. Section 2 introduces the data and 

section 3 introduces the new dust identification 

and retrieval methodology. Section 4 presents the 

results and conclusions are in the section 5. 

2. Data 

Nighttime CloudSat and CALIPSO measurements 

and operational meteorology datasets for the 

period of January 2007 to December 2010 were 

used in this study.  

 CALIOP provides 532-nm total attenuated 

backscatter (�!"#) and perpendicular polarization 

component (�!"#!) [8], with 333-m along-track 

and 30-m vertical resolution below 8.2 km. The 

CALIOP level 1B data are calibrated and geo-

located. The �!"#and �!"#!data were averaged to 

a 60-m vertical resolution and were used to 

identify dust aerosols.  

  CloudSat carries a 94-GHz cloud profiling radar 

(CPR), which provides an instantaneous footprint 

of approximately 1.3 km (at mean sea level) and 

has 125 vertical bins with a bin size of about 240 

m. The 2B-GEOPROF product provides hydrometeor 

identification of cloud mask [9]. 

  Temperature and pressure profiles from the 

European Center for Medium range Weather 

Forecasting AUX-algorithm (ECMWF-AUX) 

were used to model molecular backscattering. 

3. METHODOLOGY 

 The well-used volume depolarization ratio (VDR) 

method often misses the thin dust layers [10]. The 

�!"#! is more sensitive to the presence of a weak 

dust layer than the �!"# or VDR, which shows 

more peaks in weak or dense dust layer signals 

than in clear sky signals or other types of aerosols 

or clouds. A new method was developed based on 

this dust signal characteristic in �!"#! channel, as 

following steps. 
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  Firstly, the cloud information was determined by 

combining CALIPSO and CloudSat products to 

better detect optically thin ice clouds with large 

irregular-shaped particles [11]; Then, for cloud-

free regions, peak index was built by identifying 

and setting the peaks in �!"#! to be 1 (non-peaks 

to be 0) and were averaged by 6 × 3 bins to 

generate the peak mask. The possible dust layer 

was identified in the peak index by the threshold 

of 0.04, and then refined by a further three-time 

iterative to set any peaks to zero when the 11 × 3 

and 21 × 3 moving averages of the peak mask are 

smaller than the clear sky value. The so-derived 

quick dust mask was further refined by the layer-

integrated depolarization ratio (LPDR) to remove 

other types of aerosols with spherical particles or 

misidentified clouds. The details can be found in 

[10]. 

 Then, a new vertically resolved dust separation 

method based on depolarization measurements 

was developed to better determine dust loading 

within a polluted dust layer (dust mixed with other 

aerosols) by 

�!"#$%
! (�) =

(�!(�) + �!(�))�
!! !!""!!""(!!)!!!!!(!!) !"!

!

!  
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!!"!!
; �!, �!, and �!" are depolarization ratios for 

mixed aerosol, dust and non-dust aerosol 

respectively; �! ,  �!"  and �!  are lidar ratios for 

dust, non-dust and molecules respectively. 

 The particle depolarization ratio is less affected 

by the choice of lidar ratio or retrieval method, 

which could act as a good constrain to separate 

dust and non-dust aerosols in polluted dust [12]. 

Therefore, the first-guess �!  was retrieved from 

lidar equation with lidar ratio of 65. Then, with 

assumed �! , �!" , �!  and �!" , height-resolved 

�!"" can be calculated and �! can be retrieve with 

the updated �!"" . Several iterations were 

performed to retrieve �! and update �!"", until the 

�!  converges. Finally, the dust backscattering 

coefficient was separated from the �! . The 

sensitive tests showed that the new method 

retrieves dust backscattering from polluted dusts 

with uncertainties less than ~11%[12]. More 

details of this new vertical separation method can 

be found in [12]. 

   With the retrieved dust extinctions, the polluted 

dust in dust mask was then further refined to 

remove any dust mask without dust extinction 

retrievals. Then, the retrieved dust extinctions 

were converted to dust mixing ratio with specific 

extinction coefficient of 0.5 × 10
! m

2
 kg

–1
 at 532 

nm [13]. 

 Lidar signals over South America are strongly 

affected by the South Atlantic Anomaly (SAA), 

which results in more noisy spikes in measured 

signals. This part of the data was removed from 

the data processing and analysis [11], shown as 

the blank area over Southern America in Fig. 1. 

4. RESULTS  

   Figure 1 shows the 2007-2010 global 2.5! × 2.5
! 

mean dust mixing-ratio distributions in December, 

January, and February (DJF); March, April, and 

May (MAM); June, July and August (JJA); and 

September, October, November (SON). The mean 

mixing ratio was calculated by (total dust mixing 

ratio)/(total observation number) in each grid box 

at a given height range. The total observation 

number includes all sky conditions. 

  The new dust identification methodology 

provides a full view of global dust distributions by 

detecting more dust cases and providing more 

accurate dust layer boundaries [11], as highlighted 

in Fig. 1 in terms of dust loading. A main dust 

band lies from the Sahara dust region to the Asia 

dust region with strong dust loading at 0-3km 

ranges near the sources and with the dust loading 

gradually decreasing upward and far away from 

the source regions. 

Over the Sahara and mid-east region (longitude of 

20
o
W to 60

o
E, latitude of 5

o
N to 33

o
N), the mean 

dust loadings with the lower 6 km AGL are 

2.62×10
!! ,  4.46×10

!! ,  4.18×10
!! , and 

2.79×10
!! kg/kg for DJF, MAM, JJA and SON 
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respectively. The upward transportation of those 

dust are mainly within lower 6 km AGL except 

for MAM (up to 12 km AGL) and JJA (up to 9 

km). At lower levels (<6km AGL), the western 

transportation of those dusts is the weakest in 

DJF. But in other seasons, significant amounts of 

dust can be transported to the Caribbean Sea and 

influence North America especially in MAM and 

JJA. Small amount of those dust can be 

transported northerly to European, except in 

MAM, during which dust is transported to cover 

most of the Northern Hemisphere.  African dust 

can be significantly transported eastward over the 

Indian Ocean to India at the order of 10!! kg/kg. 

 

Figure 1. Four-year mean height-resolved global 

distribution of dust mixing-ratios in different 

seasons. 3-km vertical bins are used to illustrate 

dust vertical structure. The blank areas over Arctic 

and Antarctic indicate the boundaries of satellite 

observations.  

  For the Asia dust region, the mean dust mixing 

ratio in each season over the Taklimakan and 

Gobi desert those values with the lower 6 km 

AGL are 1.29×10!!, 3.6×10!!, 2.23×10!!, and 

1.88×10
!! kg/kg for DJF, MAM, JJA and SON 

respectively. The upward transportation of those 

dusts are main lower than 6km, and can reach up 

to 12km in MAM, and 9km AGL in JJA. The Asia 

dust can be transported to the east over the Pacific 

during every season and reaches North America. 

In MAM, Asian dust can be transported northward 

over Russia to Arctic. 

  Over North America, the mean dust loadings are 

0.14×10
!! ,  0.30×10

!! ,  0.32×10
!! , and 

0.24×10
!! kg/kg for DJF, MAM, JJA and SON 

respectively.  In DFJ and SON, the dust layers are 

mainly within lower 6km with low dust loadings 

contributed mainly by local sources. The dust 

loading in MAM and JJA are stronger than DJF 

and SON, and the dust layer can reach up to 12 

km AGL in MAM and 9 km AGL in JJA due to 

long-range dust transportations from Sahara and 

Asia dust source regions.  

 Over the Australia dust region, the dusts are 

mainly from local sources.  The dust layers are 

mainly below 6km in DJF and SON, and below 3 

km in MAM and JJA. The dust loadings in the 

lower 3km are 0.25×10!! ,  0.25×10
!! ,  0.20×

10
!!, and 0.4×10!! kg/kg for DJF, MAM, JJA 

and SON respectively. Those dusts are transported 

westward to Indian Ocean year round. 

Furthermore, there are relatively stronger 

eastward transportations in DFJ and SON than the 

other seasons.  

5. CONCLUSIONS 

 With the newly developed dust identification 

methodology for improving optically thin dust 

layer detection, and the newly developed dust 

partition methodology for externally mixed 

aerosols, this paper presents a new global height-

resolved view of dust transportation based on 

multi-year A-train satellite observations.  The new 

results allow us to better understand processes 

controlling dust concentrations over weak source 

regions, transport areas, and the upper 

troposphere. One of our ongoing work is to 

evaluate and improve the model simulations with 

the dataset. 
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