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1 .  I n t r o d u c t i o n  
 Asian dust is an overwhelming aerosol phenomenon in east Asia, to be compared with Saharan dust 

in Africa. It is called yellow-sand dust, or Kosa (黄砂 in Japan， 黄沙 in China), which has been regarded 

from ancient time as an indicator of the spring season. Recently, a great deal of attention is paid to 

this phenomenon for the understanding of the atmospheric environment of the earth, especially in 

connection with the mechanism of large scale and long-range transport of air pollutants and the climate 

effect of the aerosol. For this purpose, remote sensing data from satellites may contribute very much 

to provide horizontal distribution of the aerosol over land and sea, supplementing observations at fixed 

stations on the ground and at ships and airplanes. In this respect, the split-window method for thermal 

infrared bands of meteorological satellites has been found to be very effective, as described in this 

booklet. A brief guide of the papers there and supplementary remarks are given here. 

 

2 .  A p p r o a c h e s  t o  s t u d y  t h e  d u s t  e v e n t s   
 The papers in this booklet are numbered after the classification into three parts:  

A . General Survey, B . Asian dust events of each year, C . Related works.  

 The papers in Part B  are numbered with alphabetic suffices according to the year of the dust 

events as 

  1997: B 1 a - c ,   1998: B 2 a - h ,   1999: B 3 a - c ,   2000: B 4 a - c ,   2001: B 5 . 

 The instruments and/or methods adopted in these papers are listed in Table 1. As for ground-based 

observation (Gd.), listed are lidar to obtain vertical structure of the dust, optical counter (OPC) to 

obtain particle size information, chemistry to analyze components of sampled data, and the concentration 

of suspended particulate matter (SPM) continuously measured at fixed station. Simulation results can 

be compared with both of ground-based observations and satellite data. 

 As for the 1998 events, the papers B2a , B2c and many other works were published in JGR Dust 

Issue[1]. The frequency and intensity of the dust events in 2000 and 2001 were remarkable during decades, 

as seen by the satellite images and ground observations in China, Korea, Japan and North America. 

 

Table 1. Satellite data and ground-based observations utilized in each paper. 

1997 1998 1999 2000 2001
ADEOS/POLDER B1c
GMS-5/VISSR B4a, b B5
NOAA/AVHRR B1a, b B2e, f B3a, c B4c B5
SeaStar/SeaWiFS B2d
Simulation B1c B2a, b, c B4a B5
Lidar & OPC B2a, b, c
Chemistry B3b
SPM B1a B2a, b, c, g B4c

Sat.

Gd.

 



In particular, the events in 2001 have often occurred since the beginning of the year, and some of them 

crossed over the North American Continent and reached the Atlantic Ocean. Concerted efforts to clarify 

the 2001 events are in progress under the framework of ACE-Asia covering ground, ship, plane and satellite 

observations coupled with simulation studies.  

 

3 .  S a t e l l i t e  s e n s o r s  
 Now we make a short summary of the sensors listed in Table 1 and others referred in this booklet.  

 ADEOS/POLDER is a unique sensor to measure polarization and radiance intensities at 9 channels 

with the spatial resolution 6 km * 7 km, as described in B1c. Unfortunately, however, ADEOS stopped its 

operation at the end of June 1997. Therefore, 1997 is the only year for its observation in springtime. 

 SeaWiFS is a color scanner with 8 channels designed to measure water properties below the sea 

surface, on board of SeaSTAR launched on 1 August 1997. It gives global data GAC every day at local noon 

in each orbit with 4.5 km resolution and 1502 km swath width, and Local Area Coverage data  with 1.13 

km resolution and 2801 km swath. It provides not only the information on diffused aerosol over the sea, 

but also over the land surface by careful studies as discussed in B2d.  Quick look images of SeaWiFS 

can be seen since 1998 at the web cite of CAPITA, Washington University 

 (http://capita.wustl.edu/Asia-FarEast/). 

 Earth Probe TOMS, not listed in Table 1, provides dust information at high altitudes, since 

the ultra-violet reflection of solar radiation is reduced by the absorption by mineral aerosol in the 

air. Although its spatial resolution is so crude as 39 km at nadir, its data are precious to know large 

scale phenomena such as Asian dust. TOMS aerosol index is compared with simulation results in B2b  and 

B 2 c . 

 NOAA/AVHRR and GMS-5/VISSR have split-window channels in thermal infrared region, which enable 

us to perform AVI(Aerosol Vapor Index) imagery as extensively discussed in this booklet, with a brief 

summary until 2000 in A2 . Properties of five AVHRR channels for the study of the dust events are described 

in B1b .  AVI images since 1997, with quick reports, are displayed in the homepage referred in Preface, 

while daily GMS split images are shown in Kochi University homepage as described in A4. In B5 and [2], 

we give a brief summaries of AVI analysis of VISSR and AVHRR in 2001 compared with CFORS simulations.  

 

4 .  A V I  i m a g e r y  a n d  r e l a t e d  p r o b l e m s  
4-1. Volcanic aerosol 

 Prior to the studies of Asian dust, the split-window method for thermal bands had been developed 

to detect volcanic aerosol, as described in A3 . More details can be seen in other booklets [3]. Though 

AVI method is effective in detecting ash-rich clouds, it does not work well for the detection of vapor 

clouds which have been dominating at Miyakejima volcano to the south of Tokyo since September 2000, as 

discussed in C 5  and [4]. 

4-2. Aerosol versus water vapor 

 If the aerosol effect is negligible, we may take the brightness temperature difference at 11 

and 12 μm bands as a measure to obtain precipitable water amount as discussed in C1 and C2. In general, 

we have to separate in the AVI imagery the competing effects of aerosol and H2O in the gas form for 

quantitative estimation of aerosol.  Fortunately, the air mass from the Asian continent with much dust 

tends to be rather cold and dry, which enables us to detect the dust rather easily, in contrast to the 

clean and warm maritime air mass with much precipitable water. In B2h and [5], we give preliminary reports 

of studying the relationship between precipitable water amounts obtained from zonde data and AVHRR 



split-window values in Asian dust season. As mentioned in A2  and C1 , we may also use the precipitable 

water amount estimated from GPS retardation effect with b etter space and time resolutions than the zonde 

data. 

4-3. Satellite scenes 

Full observation by GMS-5/VISSR covers east Asia and western Pacific Ocean, with north-west 

part as shown in Fig. 1. The source regions are indicated in a map of east Asia in Fig. 2. The standard 

products of GMS-5/VISSR by Japan Weather Association cover the range 100-180 E and 5 S - 60 N in 1536 

pixels and 1536 lines with one hour interval. We have obtained in B4a, B4b, B5 and [2] the AVI images 

covering 100-165 E and 20-55 N in these data, with 3 or 6 hour intervals, unless specified. In the case 

of quickly changing phenomena such as the upraise of the dust on 5 March 2001, we have studied the data 

in every hour. Since the Takla Makan desert is beyond the scope of the standard products of JWA, we are 

planning to analyze other VISSR data with more wide coverage. 

 

  

Fig. 1. North-west part of a GMS-5 scene.         Fig. 2. East Asia and the source regions of Asian dust. 

  

 

   

(a) Quick look image of ch.4 in [11] of B 2 e .   (b) AVI image. See Fig. 1 of A3  in p.11 

 for geometrically corrected one. 

Fig. 3  AVHRR images on 16 April 1998 at 18:31JST without geometrical correction. 



 The scope of the polar orbiting satellites NOAA changes each time, with the 2800 km swath such 

as shown in Fig. 3  without geometrical correction. The receiving station at Kagoshima, located about 

1000 km WSW of Tokyo, has chances to get data covering the Gobi desert, while the Takla Makan desert 

is outside the northwest limit around 90E and 50N of the coverage. Relatively high spatial resolution 

of AVHRR compared with VISSR may be helpful to discriminate between airborne aerosol and arid surface 

from the texture properties of AVI images, since the airborne dust tends to give a smooth image. See 

also B 1 b  for the descrimination problem. 

4-4. Comparison with simulations 

 The AVI images are compared successfully for the events in 1998(B2a, B2b, B2f), 2000(B4a ) and 

2001(B5 ) with the Asian region results of an on-line dust tracer model coupled with Regional Atmospheric 

Modeling System taking into account the surface wind, vegetation and snow coverage by Uno et al. as 

described in B2b  and B2c.  The model is able to simulate trans-Pacific transport, and compared 

successfully with TOMS images in B2c.  In order to investigate ultra-long transport of the dust in AVI 

images, we have to understand the interplay of very diffused dust and water vapor effect in AVI as discussed 

in 4-2. The eastern limit of the scope is a problem for the NOAA data received in Japan. As for VISSR 

data, rather crude temperature resolution restricts the detection of diffused dust. The model has been 

developed into a chemical weather forecasting model CFORS, and opened to research community in 2001. 

4-5. Validation of AVI data 

 AVHRR and VISSR data obtained at close observation times are compared in C3 and [6] concerning 

thermal bands and AVI, with reasonable results at rather uniform places. The processing of the original 

10 bit data of AVHRR transmitted from NOAA satellites is not the same among the receiving stations, 

concerning the calibration and conversion into 8 or 16 bit data. In C4 , the lower limit of the temperature 

is discussed.  Given a set of AVI data, one should be also careful about the stretching range to fix 

the gray scale. 

 

 The present status of AVI analysis by Kagoshima group is in the middle stage. as discussed above 

to improve the methods. There are other dust events during 1997-2001 not yet analyzed.  We are helped 

very much with the simulation studies by Prof. I. Uno and his co-workers, and the information and 

discussions in the Asian Dust Network.   
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