
Observation of Asian dusts during 1997-2000 by NOAA/AVHRR 

 

K.Kinoshita,1  R.Iwasaki,1  M.Koyamada,1  N.Iino,2  T.Yano,2  

 I.Uno,3  H.Amano,3  H.Yoshii 3  and T.Masumizu 4  

 
1 Faculty of Education, Kagoshima University, Kagoshima 890-0065 

2 Faculty of Engineering, Kagoshima University, Kagoshima 890-0065 
3 Research Institute for Applied Mechanics, Kyushu University, Kasuga 816-8580 

4 Daiichi Institute of Technology, Kokubu 899-4332 

 

Abstract:  The NOAA/AVHRR images of the brightness temperature difference of 11 and 12 µm bands are 

utilized to detect Asian dust events during 1997-2000, and compared successfully for the events in 1998 and 

2000 with the results of an on-line dust tracer model coupled with Regional Atmospheric Modeling System 

taking into account the surface wind, vegetation and snow coverage.  The GMS-5/VISSR images of the 

same type are also useful to detect the dust events with its high frequency of observation and wide spatial 

coverage, though the sensitivity to diffused dust is inferior to the AVHRR. 

 

1. Introduction 

 Asian dust(Kosa) events are gigantic phenomena affecting the atmospheric environment in East 

Asia and northern Pacific. Here we report recent results on the satellite imagery of their transport and 

diffusion from the Chinese continent toward Pacific Ocean. 

The split-window method to take the difference of AVHRR-4 and 5 has been utilized to estimate 

vapor amount in the air to get the sea surface temperature. Because of the opposite emissivity difference of 

lithic aerosol in 11 and 12 µm bands against water vapor, this method has been applied to detect volcanic 

clouds and discriminate them from water/ice clouds [1].  The same method is found to be useful in detecting 

the extension of the Asian dust very effectively [2]. Here we present a brie f summary of the events during 

1997-2000, analyzing mainly the NOAA/AVHRR data received at the station in Kagoshima University, with 

supplementary data including GMS/VISSR provided by Japan Weather Association. 

 

2. Procedure for analyzing satellite images 
We adopt the following steps for the detection of the Kosa aerosol in NOAA/AVHRR images:  

Step 1. The raw data of AVHRR are converted into calibrated ones, where a 10 bit value ni of thermal 

infrared band i corresponds to the brightness temperature ti in centigrade as  ti = - 50 + 0.1 ni ,  for  i = 

4, 5.  

Step 2. Geometrically corrected sub-scene data is obtained from a calibrated full-scene data. The form of 

sub-scene data is equi-distance description concerning the longitude and latitude. The reduction scale of a 

sub-scene is fixed for a series of the data. 

Step 3. The brightness temperature difference of channels 4 and 5 is computed to obtain the Aerosol Vapor 

Index(AVI) defined as   AVI = n5 - n4 + 200 .  
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Step 4. The 10 bit data of AVI and the AVHRR chs. 1-4 in the daytime, or 3-4 in the nighttime, are converted 

into 16 bit without changing values.  

Step 5. The JPEG or GIF images of AVI are obtained with a common gray scale for a sequence of the scenes 

in the date and time. Pair of output images within three hours are mosaicked into one for wider coverage. 

Step 6. The AVI images with possible supplementary images are edited into a part of the quick report in 

http://www-sci.edu.kagoshima-u.ac.jp/sing/kosa/kosa-e.htm. 

In the gray scale images, bright parts correspond to high AVI domains, i.e. t4 << t5, where the Kosa 

aerosol is expected to be dense. On the other hand, we follow the convention to assign bright parts to low 

values of t4 in thermal images, so that clouds are white.  

Dense aerosol in the daytime scenes may be seen in visible(AVHRR-1) and near-infrared 

(AVHRR-2) images as vague and relatively bright object in the gray scale corresponding to somewhat large 

values of n1 and n2. Comparative study of AVHRR-1, 2 and 4 with AVI may be useful to discriminate dense 

dust in the air from arid land without vegetation, which is also expected to be bright in AVI images.   

 

3. Events during 1997-2000 

 

(i) April 1997 

 Very dense dusts are seen in the AVI images around Ala Shan desert on 5 and 7 April, and diffused 

dusts toward east over Korea and the Sea of Japan in the following days up to 14 April [3]. They are 

consistent with Kosa records by the observatories of Japan Meteorological Agency in Kyushu and north-west 

side of Japanese peninsula, i.e., San-in and Hokuriku, and also with the back-trajectory analysis with 

ADEOSS/POLDER observation [4]. 

 

(ii) April 1998 

 An upraise of heavy dust in the northwest China is found in an AVI image on 15 April. In the 

images in the succeeding days, its slow transport southeastward is seen with the motion of a cut-off vortex 

over the Chinese continent, the Yellow Sea, Korean peninsula, Japanese Islands to the Pacific Ocean, 

extending and diffusing with the advance until 20 April [2]. This episode has been studied extensively by 

Asian Network Group of Lidar observation [5]. 

 Another upraise of the dust is found in the NOAA images on 19 April around the 

Chinese-Mongolian border. Dense dust area extended on the next day toward the east covering the northeast 

part of China [6], and then moved quickly toward the east on 21 April over the Maritime Provinces and 

Sakhalin Island. Further transport of this dust domain in the northern Pacific can be traced by the NOAA 

images up to 23 April. Furthermore, trans-Pacific transport of aerosol reaching North America was seen in 

SeaWiFS images [7]. The satellite images of these dust events are well reproduced by an on-line dust tracer 

model coupled with Regional Atmospheric Modeling System taking into account the surface wind, 

vegetation and snow coverage [8].  

 

(iii) January 1999 

 On 26 January, the first Kosa in 1999 was observed in western Japan including Ryukyu Islands, 



with remarkable dust-falls along the Sea of Japan and snow-covered central mountains in Japan. In a series of 

AVI images of AVHRR [9], we see very dense and wide-spread dust around Ala Shan and Ordos deserts in 

northern China at 18 JST on 24 January. At 4:24 next day, very dense dust moved over Liaodong Peninsula, 

surrounded by diffused one over the northern and central parts of China. In the evening at 17:27, dense Kosa 

was covering Korean peninsula. In the daytime images on 26 January, diffused Kosa is covering northern 

China, Korea and Japan. At a few places in Korea, sharp peaks of total suspended particulate, about 800 

µg/m3 were recorded on 25 January, followed by mild peaks about 300-700 µg/m3 next day[10], in accord 

with the AVI images. The upraise of Kosa on 24 January could be attributed to strong low-level wind over 

the desert area in China with high temperature and less precipitation [10]. 

 

(iv) April 1999 

 Strong wind by low-pressure system of the cut-off vortex type caused the upraise of Kosa dust in 

the Loess Plateau of China on 4 April, as clearly seen in an AVI image at 18:39. The advection and diffusion 

of this dust from northern China towards Japan passing over the East China Sea was brought by the slow 

advent of this cut-off vortex towards south-east, as seen in a series of NOAA AVI images [11].  

 

(v) March 2000 

 The frequency and intensity of dust events in 2000, from the end of February until the middle of 

May, were remarkable during decades. We have displayed the AVI images of NOAA in our home page as 

fast as possible. Here we discuss only a few of remarkable events in March and April. In southwestern Japan, 

the first clear Kosa event was recorded on 7 March. This may be traced back to an AVI image of NOAA in 

the afternoon on 6 March shown in Fig. 1, where dense dust is seen north to Liaodong Peninsula in China. A 

cut-off vortex over the northeast part of China is seen near-by. 

 

.  
 

 At Chongwon, Korea, peaks of total suspended particulate exceeding 300 µg /m3 were recorded on 

3, 7 and 17, followed by 1400 µg /m3 on 23 in March [12]. The episode of the dust, which brought extremely 

dense event in Korea on 23 March, started on 21 March by the low over Gobi and Ordos areas, as seen by 

comparing the GMS-5 satellite images and simulation results by 6-hour intervals. For this episode, we have 

utilized the AVI images obtained from IR1 and IR2 of GMS-5/VISSR, processed by Japan Weather 

Fig. 1. NOAA AVI image at 16:43 JST  

on 6 March 2000. 



Association, as 

  AVI = N2 – N1 +100,   

where Ni is related to the brightness temperature of IRi in centigrade as ti = 0.5 Ni – 85, for i=1, 2. Fig. 2a 

illustrates an AVI image of GMS-5 at 21 JST on 23, and the corresponding column density distribution at the 

same time by the RAMS simulation. We see the dense dust trapped by the low in the cloud-free area near-by 

and in-between the clouds. This dust arrived at Kyushu in Japan next day, and also in Taiwan on subsequent 

days [13, 14]. 

 

 

 

 

 

(vi) April 2000 

 Dust storm in the northwest China on 5 April brought very dense dust over Beijing area next day 

[15]. Total suspended particulate at Chongwon, Korea on 7 April recorded 1200 which was the second peak 

in 2000[12]. A belt of dense dust across Korean peninsula is seen in an AVI image of NOAA/AVHRR in this 

afternoon as shown in Fig. 3. Remarkably dense dust was observed in Tokyo on 8 April with the maximum 

600 per litter of the optical counter value of particles with the diameters greater than 5 µm, exceeding the 

corresponding value 233 at Nagasaki in western Japan [16].    

Fig. 2. A comparison of an AVI image of GMS-5(a) and the column density distribution 

(µg /m3) by the RAMS simulation(b) at 21 JST on 23 March 2000. 

Fig. 3. NOAA-AVI image at 15:14 JST  

on 7 April 2000. 



Many other dense dust events were seen in the AVI images of NOAA/AVHRR as well as GMS 

until the middle of May this year, successively starting from north-western China, travelling eastwards and 

covering Korean Peninsula and Japanese Islands. Especially, very dense dust was seen on 24 April over the 

Gobi and Ordos deserts, and transported almost southward along the east coast of the continent in the 

succeeding days. This episode brought high concentration events of particulate matter in various stations in 

Taiwan [14]. The backward trajectory analysis of this episode [14] agrees fairly well with the satellite images 

of the dust transport. 

In the spring 2000, it was reported that the grasslands in Mongolia, especially around Dornogobi 

south of Ulan Bator, had been heavily damaged by field-mice abnormally increased [17]. This is compatible 

with the satellite observation of successive dense dust events in northern China, starting frequently from 

around the Gobi area. 

 

4. Concluding remarks 

 The AVI images of NOAA/AVHRR and GMS/VISSR, exhibiting the brightness temperature 

difference in the thermal infrared bands, are very effective in detecting the rise, transport and diffusion of the 

Asian dusts over East Asia, as we have studied for the events from 1997 to 2000. Here, we make a few 

remarks on remaining problems. 

 Bright AVI signals are not limited to the dust in the air, but may possibly come from arid surfaces 

without vegetation especially in the desert areas in the central Asia. In the daytime, we may recognize the 

dust in visible and near-infrared images with relatively high resolution from the texture properties of them. 

Thermal images in day- and night-times are also helpful, as the temperature of the bare surface is quite 

different from one of the dust in the air.  The time sequence of the AVI images and the weather patterns may 

also give clues to the recognition of the dust storm. In this respect, the simulation with enough weather 

information is useful. For instance, in comparing GMS AVI images with the simulated results during 21-27 

March 2000, we found relatively bright domains of AVI in north-western China on 24 March images without 

corresponding dust storm. Such domains may be regarded as arid lands without much aerosol in the air.   

 We may hope to obtain quantitative estimate of diffused dust over the sea from the AVI values, if 

we could separate water vapor contribution. The latter may be computed as the column amount of 

precipitable water from the zonde data of upper air [19] and GPS retardation data [20]. 

 The results on the events in 2000 presented here are rather preliminary. We have to compare the 

satellite data with the lidar observations, surface data and simulation results in more details. 
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