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ABSTRACT 
The advection and dispersion of Asian dust events during 2000-2002 from China to the Pacific Ocean around Japan 
were investigated using meteorological satellite data, NOAA/AVHRR and GMS-5/VISSR. Aerosol Vapor Index (AVI) 
images, taking the brightness temperature difference between 11 µm and 12 µm, are very effective to monitor the Asian 
dust phenomenon in the east Asia region, because of their capacity for night-time detection. The remarkable dust events 
during 2000-2002 were classified into three types based on the weather patterns: 'Dry Slot' type, 'Wedge of High 
Pressure' type, and 'Travelling High' type. 
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1. INTRODUCTION 
It is very important to investigate the dynamic behavior of Asian dust, for the understanding of large scale and long-
range transport of air pollutants, and for evaluating the influence of the aerosols on global warming. Asian dust storms 
originate from arid regions in China and Mongolia, such as Takla Makan, Gobi, and Ordos deserts, and Loess plateau 
(Fig.1). They are initiated by strong winds, caused by cold fronts or low-pressure systems. These dust phenomena are 
most frequently observed at Japan in the springtime, when the arid regions are covered by little snow or vegetation. In 
recent years, the Asian dust phenomenon has been remarkable in east Asia, and the dust and aerosols have reached 
North America occasionally. This increase may be caused by drought in the Yellow River basin, and by climate change 
due to the global warming. 

The Asian dust phenomenon has been investigated by several research programs, such as the Asian Pacific Regional 
Aerosol Characterization Experiment (ACE-ASIA), the Transport and Chemical Evolution over the Pacific (TRACE-
P), and so on. A number of ground-based observation sites equipped by lidar, sun photometer, sky radiometer and 

 

Fig.1 The source regions of Asian dust in central and eastern Asia  
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optical particle counter (OPC) are located in Japan, Korea, and China. They first form the Lidar Network for Kosa 
observation in Japan (LINK-J) [1], and have developed into the Asian Dust Network (AD-Net) and exchanging 
information through the Internet. The network provides valuable information such as the vertical profiles and radiative 
characteristics of aerosols at multiple locations.  

On the other hand, satellite data show the spatial distribution of the dust and aerosols over land and sea. The daily 
images of the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) [2] and Total Ozone Mapping Spectrometer (TOMS) 
[3], displayed at their web sites, show that large scale Asian dust plumes even reach North America occasionally.  

We have been analyzing the advection and dispersion of Asian dust events from China to the Pacific Ocean around 
Japan since 1997 using meteorological satellite data, NOAA/AVHRR and GMS-5/VISSR. These provide more frequent 
images than SeaWiFS or TOMS, enabling detailed study of the time development of the dust events.  For the analysis 
method we take the brightness temperature difference between 11 µm and 12 µm. These images during 1997-2002 are 
displayed at our web site [4], and a brief summary of the events until 2000 was published in [5].  The results of the 
events during 1997-2001 were also summarized in a booklet containing other related reports [6]. The results of the 
typical events observed in 2001 [7, 8] were compared with computer simulation results calculated by an on-line dust 
tracer model [9] coupled with a regional-scale meteorological model.  

In this paper, we first describe the properties of AVHRR and VISSR bands for the study of the Asian dust events, and 
then discuss the results during 2000-2002, focussing on the advection patterns of the events shown in the satellite 
images. 

 

2. AEROSOL VAPOR INDEX FOR NOAA/AVHRR AND GMS/VISSR 
The original data of NOAA/AVHRR received at Kagoshima University are in 10-bit format, which is converted into 
16-bit data where the value n(i) of thermal infrared band i corresponds to the brightness temperature t(i) in centigrade as 
t(i) = 0.1n(i) - 50, for i = 4, 5.  GMS-5/VISSR data provided by the Japan Weather Association (JWA) are in 8-bit 
format where Ni is related to the brightness temperature of IRi in centigrade as Ti = 0.5 Ni - 85, for i = 1, 2. 

The brightness temperature difference of these bands is computed to obtain the Aerosol Vapor Index (AVI) defined as  

AVI (AVHRR) = n(5) - n(4) + 200,  for NOAA/AVHRR 

AVI(VISSR) = IR2 - IR1 + 100,  for GMS-5/VISSR 

AVI imagery provides valuable information on the advection and dispersion of Asian dust even during night-time. The 
standard products of GMS-5/VISSR by JWA cover the range 100-180 E and 5 S - 60 N in 1536 pixels and 1536 lines 
with an hourly interval. We analyzed the area covering 100-165 E and 20-25 N with 3 or 6 hourly intervals. Although 
the Takla Makan desert (Fig. 1) is out of scope of these products, we can monitor Asian dust phenomena travel ing from 
the other source regions to the Pacific Ocean with high frequency, every one hour, and a fixed view. On the other hand, 
NOAA/AVHRR-4 and 5 have higher temperature resolution, 0.1 degrees centigrade, than GMS-5/IR-1 and 2, 0.5 
degrees centigrade, and also have higher spatial resolution. Thus NOAA/AVHRR can detect thin dust layers in detail. 
We used the stretching-ranges of 170 - 210 for AVI (AVHRR) and 95 to 105 for AVI (VISSR), i. e., t(5)- t(4) is - 3.0 to 
1.0 K and T2-T1 is -2.5 to 2.5 K, respectively. 

 

3.  MULTISPECTRAL IMAGERY OF GMS/VISSR AND NOAA/AVHRR 
Fig. 2 shows the wavelength bands of NOAA-16/AVHRR and GMS-5/VISSR sensors. NOAA-16/AVHRR has six 
bands: visible band (AVHRR-1, 0.59-0.68 µm); near-infrared band (AVHRR-2, 0.73-1.10 µm); short-wave infrared 
band (AVHRR-3A, 1.58-1.64 µm); mid-infrared band (AVHRR-3B, 3.55-3.93 µm); thermal-infrared bands of 
AVHRR-4 (10.3-11.3 µm) and AVHRR-5 (11.5-12.5 µm). GMS-5/VISSR has four bands: visible band (VIS, 0.55-0.90 
µm), water-vapor band (WV, 6.5-7.0 µm) and thermal-infrared bands of IR1 (10.5-11.5 µm) and IR2 (11.5-12.5 µm). 
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3.1 NOAA-16 IMAGERY OF ASIAN DUST PLUME 

The shortest (visible) wavelength band in each satellite is sensitive not only to haze and thin atmospheric aerosol but to 
the water turbidity. Dense Asian dust containing rather coarse particles is also detectable in the near infrared and short-
wave infrared images. Figs. 3a, b, and c are the grayscale images of NOAA-16/AVHRR 1, 2, and 3A, respectively, on 
20 March 2001 at 13:07 JST. The belt-type Asian dust plume is seen crossing over the Korean peninsula and the Sea of 
Japan. 

 

Fig. 2 The wavelength bands of GMS-5/VISSR and NOAA-16/AVHRR sensors. 

 

Fig.3  NOAA-16/AVHRR images (a) AVHRR-1, (b) AVHRR-2, (c) AVHRR-3A, (d) AVHRR-4,  (e) AVI, and (f) b3-1 on 20 
March 2001 at 13:07 JST. ‘A’ indicates the Asian dust plume. 
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Note that AVHRR-3A, at 1.6 µm, is time-shared with the 3.7 µm band, designated 3B. AVHRR-3A provides snow, ice, 
and cloud discrimination. We see the water and ice clouds can be discriminated by the brightness, i. e., white and gray, 
respectively in Fig. 3c. In general, short-wave infrared images obtained by the earth observation satellites such as JERS-
1/OPS and Terra/ASTER are applied to the geographical classification of rock types, owing to their sensitivity to the 
reflective characteristics of various minerals. On the other hand, the mid-infrared band is transitional in its spectral 
response because the intensities of reflected and emitted radiance are competitive at around 3 µm. Although the imagery 
is similar to thermal-infrared imagery in the night-time, it can detect very well ‘hotspots’, thermal anomaly areas caused 
by sources such as volcanic activities, forest fires, and steel mills. The daytime mid-infrared images of NOAA-12 and 
14 are affected by both solar reflection and thermal emission, and the dominant effect depends on the values of the 
surface reflection (albedo) and the temperature. The imagery is also useful to discriminate between water and ice clouds 
since the reflectance of water cloud is larger than that of ice cloud [10]. 

Thermal-infrared images of AVHRR-4 (Fig. 3d) and AVHRR-5 (not displayed here) are similar and their single band 
images are not so sensitive to Asian dust. However, the difference of these split-window bands is very useful to detect 
lithic aerosols such as Asian dust [4-8] and volcanic ash clouds [11]. This algorithm is based on the split-window 
method that has developed to estimate water vapor amounts in the air. The lithic aerosol in 11 and 12 µm bands have 
opposite extinctive characteristics against water vapor, and therefore the AVI index is subjected to evaluate competing 
effects of the aerosol and water vapor [12]. 

In the AVI image (Fig. 3e), the dense belt-type Asian dust is observed as to be white and the surrounding vague region 
is bright. In contrast, the region with the air containing large amount of water vapor, such as the southern part in Fig. 3e, 
is shown to be relatively dark. It should be noted that the aerosol signal of dispersed Asian dust is partly canceled with 
the water vapor effect, still keeping a relatively higher value than the surroundings. On the other hand, thick clouds with 
high altitude tops have similar values to Asian dust (AVI = 200) because these clouds can be regarded as blackbody, 
i.e., t4 = t5 and the column density of water vapor above them is negligible. Another reason for the same result is very 
cold opaque cloud with t is less than -50 degrees centigrade. 

To supplement the AVI imagery, we take the difference of bands 3 and 1 (denoted as b3-1). As shown in Fig. 3f, Asian 
dust and the thick or cold clouds shown as gray in the AVI image (Fig. 3e) is discriminated with white and black, 
respectively. A composite color image assigning AVHRR-4, b3-1, and AVI to red, green, and blue indicates the Asian 
dust with yellow color, and thick or low temperature clouds with red color. 

3.2 GMS-5/VISSR IMAGERY OF ASIAN DUST STORM 

Fig.4 shows a cutoff vortex accompanied by Asian dust that was observed by GMS-5/VISSR at 12:00 on 21 March 
2002. Figs.4a, b, c, and d are images of VIS, WV inverted, IR1, and AVI, respectively, where WV inverted means cold 
brightness temperature expressed as white. A large amount of dust was entrained into this vortex. This is faintly visible 
in the VIS image in the cloud-free region, and in the IR2 image as a relatively lower temperature region. On the other 
hand, the AVI image indicates the dust plume very clearly (‘B’ in Fig. 4d), and the WV imagery shows that relatively 
dry air containing dust plumes, shown as a dark region ‘A’ in Fig 4b, were entrained into the vortex. 

 

4. ASIAN DUST EVENTS DURING 2000-2002 
The AVI images of NOAA/AVHRR and GMS/VISSR, which are discussed here for the Asian dust phenomena during 
2000-2002, are listed in Table 1. Most of the NOAA AVI images are seen at the web site [4], and the GMS AVI images 
of 2001 are seen at [13]. In this section, we first classify the remarkable Asian dust events during 2000-2002 into three 
types based on the weather patterns, and discuss the advection and dispersion of these events in conjunction with AD-
Net information [14]. We then describe a typical Asian dust phenomenon accompanied by an Asian dust storm 
observed in 2002 with the time-series GMS AVI images. 
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Fig. 4 GMS-5/VISSR images (a) VIS, (b) WV inverted, (c) IR1, and (d) AVI on 21 March 2002 at 12 JST. ‘A’ and ‘B’ in Figs 4 (b) 
and (d) indicate the dry slot and the Asian dust, respectively. 

Table 1 AVI images of NOAA/AVHRR and GMS-5/VISSR analyzed during 2000-2002. 

 

4.1 DRY SLOT TYPE 

As shown in Fig.4 and indicated by ‘A’ in Fig. 5, dense Asian dust is seen in the dry slot region, the cloud-free region 
behind the cold front, as a comma-shape. We describe this morphology as ‘dry slot’ type. Typical AVI images of this 
type are shown in Fig. 6. A band of dense dust is seen in each image. The plume crossing over the Korean peninsula is 
displayed in Fig. 6a, on 7 April 2000 at 15:14 JST. In this day, the peak of suspended particle matter (SPM) 
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concentration observed at Chongwon, Korea was 1200 µg/m3 [14]. Fig. 6b shows the AVI image on 23 April 2000. The 
dust plume is seen behind a cold front located on the south coast of the Japanese islands. The SPM concentration 
observed at Kagoshima in Kyushu, Japan exceeded 70 µg/m3 and the OPC data recorded at Tokyo exceeded 100 
counts/liter on this day [14]. The dense dust on 17 March 2002 at 12:59 is illustrated in Fig. 6c. This dust event, which 
originated in Inner Mongolia, was observed at Beijing the next day, and the Asian dust phenomenon was reported in 
Japan from Kyushu to Hokkaido during 17-18. 

 

Fig. 5 GMS AVI image on 10 April 2001 at 12 JST. ‘A’ and ‘B’ indicate the Asian dust forming ‘dry slot’ type and ‘wedge of high 
pressure’ type, respectively. 

 

Fig. 6 NOAA AVI images on (a) 7 April 2000 at 15:14 JST, (b) 23 April 2000 at 5:37 JST, and (c) 17 March 2002 at 12:59 JST. ‘A’ 
indicates the Asian dust. 



 7 

The ‘dry slot’ type is seen also in the AVI images on 22-23 March 2000, on 4, 6, 9, 19-20 and 24 (‘A’ in Fig. 9a) -25 
April 2000, on 3 and 6 (‘A’ in Fig. 7) March 2001, on 10 April 2001 (‘A’ in Fig.5), on 29 April - 1 May 2001, on 4 
May 2001, on 16, 20-21(Fig.4) March 2002, and on 16 April 2002. In particular, a large-scale eddy shape entrained into 
cutoff vortex is called a ‘perfect dust storm’, and these are shown in the NOAA/AVHRR and GMS-5/VISSR images on 
7 April 2001 [7, 8]. 

4.2 ‘WEDGE OF HIGH PRESSURE’ TYPE 

The dense Asian dust is also seen in the area between the rear of a cold front and ahead of the following low. The dust 
seems enhanced in the sharp ridge of high pressure between two low pressure systems (‘B’ in Fig. 5). Thus we describe 
this type as a ‘wedge of high pressure’. A remarkable morphology, such as ‘B’ in Fig. 7, is seen as a boomerang shape. 
A large-scale event of this type, which was observed on 22 March 2002, is shown in Fig.8. These time-series AVI 
images indicate the transport of the stretched band shape dust, which is enhanced by a deep low pressure complex 
passing near Hokkaido and by a stationary front located near the southern coast of the Japanese islands. Dust was 
reported all over Japan, except the southwest islands. Korea was also under heavy dust on this day; the visibility in 
Seoul was less than 1 km, and the elementary schools and kindergartens were all closed there. 

 

Fig. 7 NOAA AVI image on 6 March 2001 at 5:54 JST.  ‘A’ and ‘B’ indicate the Asian dust forming ‘dry slot’ type and ‘wedge of 
high pressure’ type, respectively. 

 

Fig. 8 GMS AVI images on 22 March 2002 at intervals of three hours, 1, 3, 6, 9, 12, 15, 18, 21 JST. 
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Fig.9 (a) NOAA AVI mosaic image at 18:12 JST and 16:31 JST on 24 April 2000, and (b) NOAA AVI image on 23 March 2002 at 
5:57 JST.‘A’ and ‘B’ indicate the Asian dust forming ‘dry slot’ type and ‘travelling high’ type, respectively. 

4.3 TRAVELLING HIGH TYPE 

Now we discuss dispersed Asian dust distribution of the ‘travelling high’ type in the fine weather area of a mobile high-
pressure system. This type is observed as a final stage of a dust phenomenon. The dust is observed widely in Japan 
under a high bounded by a cold front extending from a travelling low. Fig. 9a is a NOAA AVI image on 24 April 2000, 
i. e., the next day of Fig.6b. Fig. 9b displays the same type dust layer observed on 23 March 2002 which is the next day 
of Fig. 8. ‘B’ in each image indicates Asian dust distribution in Figs. 9a and 9b. This type of dust layer is seen in a 
number of the analyzed AVI images. 

4.4 TRANSPORT OF PROMINEMT ASIAN DUST OBSERVED IN APRIL 2002 

Fig.10 shows AVI images of GMS-5/VISSR observed every six hours during 7-10 April 2002. The dense vortex type 
dust above the Chinese continent was seen in the images of 7 April. On this day it was reported that Beijing was under 
heavy dust. It was transported slowly eastwards with the decaying vortex, and reached the Sea of Japan on 8 April. The 
dense Asian dust region stretched from Kyusyu, Japan to the Sea of Okhotsk, covering Japan on 9-10 April. The Asian 
dust phenomenon was reported by the Japan Meteorological Agency (JMA) at various observatories in West Japan, and 
also at Wakkanai which is the northernmost in Japan. The cutoff vortex travelling toward the northeast, accompanied by 
the dust, was observed by the AVI images until 11 April.  

A similar transport pattern was seen during 7-12 April 2001 and during 18-23 March 2002. We discussed the former 
event in detail in [8], and a cutoff vortex, which was observed in the latter event, is shown in Fig.4, respectively. 
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Fig. 10 Timewise variation of the Asian dust plume during 7-10 April 2002 at intervals of six hours, 3, 9, 15, and 21 JST in GMS 
AVI images. 

 

5. CONCLUSIONS 
The conclusions of this study are summarized as follows: 

1.  The AVI images of NOAA and GMS are very effective for monitoring the Asian dust phenomenon in the east Asia.  

2. The short-wave infrared band of NOAA/AVHRR supplements well the AVI imagery, because of its sensitivity to ice 
and water clouds.  

3. The remarkable Asian dust phenomena shown in AVI images during 2000-2002 are classified into three typical 
types, the ‘Dry Slot’ type, ‘Wedge of High Pressure’ type, and ‘Travelling High’ type. 
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