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Abstract. Cameras to monitor Asian dust at two stations in Changchun, Jilin Province in 
northeast China, and Kagoshima, southwest Japan, are now in operation. In Changchun, 
interval recording with digital and video cameras started on 18 March 2003. In Kagoshima, a 
web camera system to monitor volcanic clouds has been working since December 2000, 
which also provides data for studies of dust. A heavy dust episode on 11 November 2002, 
affecting both stations, was detected using 11 and 12 µm channels from NOAA/AVHRR. 
For the spring of 2003, we observed dust in Changchun on 26 March, 7, 14-16 April, 1-2, 8, 
10, 19 May, 8, 23 June, and 12 July. The observations were consistent with NOAA/AVHRR 
imagery and with 8.6, 11 and 12 µm Terra/MODIS results, although in some cases conditions 
were too cloudy for satellite verification.  
 
Keywords: Digital view, Huang Sha, interval recording, Kosa, yellow sand, NOAA/AVHRR, 
Terra/MODIS, split-window, aerosol vapor index 
 
1. Introduction 
In recent years, Asian Dust (Kosa, Huang Sha or yellow sand dust) events have been 
remarkable in their intensity and dimensions. In particular, the phenomena in the springs of 
1998 and 2000-2002 were said to be the level of once in ten years. The events were not 
confined to spring, being observed in, for example, January 1999 (winter) and November 
2002 (autumn). We have analyzed the behavior of dust in East Asia by using the thermal 
split-windows of NOAA/AVHRR and GMS/VISSR satellite data (Kinoshita et al., 2001; 
Masumizu et al., 2001, 2002; Iino et al., 2003). The results for the 1998 episodes were 
compared with lidar and other ground observations, SeaWiFS and TOMS satellite data, and 
numerical simulations (Murayama et al., 2001; Uno et al., 2001). In these studies, it was 
found that some of the dust episodes take northern routes from Mongolia and/or northwest 
China through Siberia, the Maritime Provinces and Sakhalin toward northern Pacific Ocean, 
without much affecting southern Korea and Japan, while the most of the others travel from 
Mongolia and China to Korea and Japan toward the Pacific taking southeast routes. The 
trans-Pacific episodes, started during 19-20 April 1998 (Uno et al., 2001), 4-7 April 2001 
(Masumizu et al., 2002) and 19-22 March 2002 (Iwasaki et al., 2003) took the northern routes 
and transported dust aerosols to the West Coast of North America. The 2001 episode went 
across North American Continent and Atlantic Ocean, and reached Europe, being detected in 
the snow of European Alps. 

A number of ground-based lidars, sun photometers and sky-radiometers have been 
operating to observe aerosols in East Asia. Exchange of these observations through the 
Internet started as LINK-J (Lidar Network for Kosa observation in Japan) in 1997 (Murayama 
et al., 2001), and enlarged through the participation of satellite analysts, simulation model 
builders, and researchers within and outside East Asia, to become an international group, the 
Asian Dust Network (AD-Net, http://i fo.nies.go.jp:8094/AD-Net/) in 2001. The Japan-China 
Joint Project of Aeolian Dust Experiment on Climate impact (ADEC) started observation of 
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the source region and the transport through China and Japan in 2002 (Mikami et al., 2003). In 
spite of these efforts, Beijing (39.93N, 116.28E) was the northernmost point for aerosol 
observation east of 100 E, except for the meteorological observatories providing weather 
information.  

In order to extend ground dust observations to northeast China, we started continual 
recordings of view camera images in Changchun (43.90N, 125.22E) in March 2003 as a joint 
project of Kagoshima University and Northeast Normal University. This location is suitable 
for observing heavy dust episodes in northern routes, and also events affecting Korea and 
Japan as described in the section 3. In Kagoshima, web-camera systems are operating to 
observe volcanic clouds, and their records are also useful for Asian dust observation. 
 
2. Satellite Imagery 
Dust is detected using split-window infrared imagery in a manner analogous to volcanic ash 
detection (Prata, 1989; Kinoshita et al., 1993). Dust has opposite absorption characteristics to 
water vapour in some infrared bands (Ackerman, 1997; Kinoshita et al., 1999; Sokolik, 2002, 
2003). The great advantage of infrared remote sensing of dust that it avoids the limitations of 
daytime only techniques.  Our previous work (e.g. Kinoshita et al., 2001) has defined an 
‘Aerosol Vapor Index’ (AVI) using the 11 and 12 µm bands on GMS/VISSR and 
NOAA/AVHRR imagery.  Here we use NOAA/AVHRR imagery, with AVI = n(5) - n(4) + 
200, where the 10 bit value n(i) of thermal infrared band i, corresponds to the brightness 
temperature t(i) in centigrade as t(i) = - 50 + 0.1 n(i), for i = 4, 5.  For geo-stationary satellite 
data, we have checked GMS-5/VISSR until 22 May and then GOES-9/VAS, in a form similar 
to AVI images at the Kochi Univ. homepage, http://weather.is.kochi-u.ac.jp/index-e.html. 

We obtained MODIS imagery from the NASA GES Distributed Active Archive Center 
 (http://daac.gsfc.nasa.gov/data/dataset/index.html), and prepared contrast stretched 12-11 µm 
and 12-8.6 µm brightness temperature imagery in order to compare the potential utility of the 
8.6 µm channel with the more widely available 11 µm band. 
 
3. The November 2002 episode 
In Fig. 1a we show the locations of Changchun, Kagoshima and others in a thermal image of 
NOAA/AVHRR-4 on 11 Nov. 2002 at 6 JST (Japanese Standard Time = UTC + 9). In this 
paper, we use JST defined on 135E for the satellite data and camera in Kagoshima (31.57N, 
130.55E), and Chinese Standard Time (CST = UTC + 8) defined on 120E, for camera in 
Changchun.  
  Fig 1b is an Aerosol Vapor Index (AVI) image, with regions of dense dust without cloud in 
northeast China very bright, while cloud covered regions nearby are dark. The corresponding 
thermal image in Fig. 1a shows the low-pressure system responsible for the dust storm, near 
the top of the image. The NOAA/AVHRR data were received at Kagoshima University, and 
the AVI images since 1997 are shown at ‘Satellite Analysis of Asian Dust Events’  
(http://arist.edu.kagoshima-u.ac.jp/adust/kosa-e/kosa-e.htm).  
  On 11 Nov. 2002, Changchun was very dusty, as seen in Fig. 2a compared with Fig. 2b in a 
clear day, which were taken at the Freedom Square in the center of the city. The hotel building 
in the center of Fig. 1b, 712 m away from the observer, could not be recognized in the dusty 
scene of Fig. 1a. 

On the basis of the AVI images such as shown in Fig. 3, AD-Net information, synoptic 
charts and reports from meteorological stations, this episode may be summarized as follows 
(Iwasaki et al., 2003): On 10 Nov., a low-pressure system passing over the Gobi-Ordos area 
produced strong dust storms. An area of heavy dust moved eastwards following the low, 
covering Changchun on 11 Nov. as shown in Fig. 2b. The main part of the dust took the 
northern route, passed the Maritime Provinces during the night of 11 Nov. and the morning of 
12 Nov., Sakhalin on 12 Nov., Ohotsuku Sea on 13 Nov., and then towards the northern 
Pacific Ocean. This part affected northern Japan on 12 Nov. Another dense belt separated 
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(a) (b)  
Fig. 1. NOAA/AVHRR images on 11 Nov. 2002 at 6 JST. (a) The inverted thermal image of 
AVHRR-4, where the locations of Changchun, Kagoshima, Beijing, Shanghai and Seoul are 
shown.  (b) The AVI image. 
 

(a)  (b)  
 
Fig. 2. Digital photo images at the Freedom Square in the center of the city near Northeast 
Normal University. (a) Nov. 11, 2002. (b) Nov. 19, 2002. 
 
from the main area in the evening of 11 Nov., covering Beijing, Shandong Peninsula and 
central Korea to proceed southeastwards. On 12 Nov., western Japan was covered by diffuse 
dust, though the densest part of the dust was still staying in the evening on this day at the 
southern tip of Korean peninsula.  

In the web-camera images at Kagoshima, the effect of diffuse dust during this episode was 
remarkable. Fig. 4a is a scene in which Mt. Sakurajima, 10.8 km to the east, can be seen 
clearly, while Fig. 4b on 12 Nov. shows the decrease of the visibility less than 10 km, 
consistent with the satellite data. The web-camera is located at the top of seven-floored 
building of Faculty of Education, Kagoshima University, and takes the digital images 
converted from video inputs every five minutes. The system was installed in December 2000, 
and the data archived since then are accessible via the Internet, together with the real time 
image, at "Sakurajima Now" (in Japanese), http://volceye.edu.kagoshima-u.ac.jp/ .   

We have other sites of web-cameras watching Sakurajima, Satsuma-Iojima and 
Suwanosejima volcanoes in Kagoshima Prefecture with images taken more than once an hour, 
as seen in http://arist.edu.kagoshima-u.ac.jp/volc/. They may be equally useful to study the air 
turbidities at their locations. 
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(a) (b)  
Fig. 3. The AVI images of NOAA/AVHRR. (a) Nov. 10, 2002, 14:39 JST. (b) Nov. 12, 2002 at 
18:19 JST. 
 

(a) (b)  
Fig. 4. Web-camera images of Mt. Sakurajima taken at Kagoshima University, 10.8 km west 
from the summit. (a) Nov. 5, 2002, 11:00 JST. (b) Nov. 11, 2002, 11:00 JST. 
 
4. Camera systems in Changchun and related data 
4.1. Operation of camera systems 
  In Changchun, two cameras have been used for continual observation of the northern sky 
since 18 March 2003. One is a digital still camera Casio QV-R4, with its longest interval 60 
minutes to record jpeg pictures of the size (pixel, line) = (1280, 960) until the end of May, 
reduced to (640, 480) since June. In a memory stick of the capacity 512 MB, the large size 
records for a few months can be stored. The other is a SONY DCR-TRV40E video camera to 
record movie scenes of 0.5 second with 10-minute intervals on a mini DV cassette 
DVM80RM3, which can store 74 days of record in the SP mode in the PAL format. Power is 
supplied from AC adapters connected to AC 220 volt source through an uninterruptible power 
supply (UPS) to avoid power irregularities. 
  Both cameras are put in a room on the top floor of a five-storied building in the College of 
Urban and Environmental Studies, Northeast National University, looking up the northern sky 
(Fig. 5).  
  To supplement the camera records, daily values of total suspended particulate matter (TSP) 
and hourly data of visibility at Changchun are also used. 
  In order to study the turbidity of the air from the color and the visibility length, the white 
balance in both cameras is fixed to the outdoor mode, with auto iris without strobe lightning. 
The timers are adjusted to CST, and the jpeg data is renamed to indicate date and time. Three 
pictures a day at 9, 12 and 15 CST are displayed in the homepage, where the file sizes are 
reduced to (640, 480). Original data are used for the color analysis.  As for the video data, 
the time stamp is superimposed in the analog output, and edited as a mpeg-1 file of (350, 286) 
for each day. 
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(a)    (b)  
Fig. 5. Camera views for continual recordings in Changchun. (a) The digital camera Casio 
QV-R4 The distances between the observation point and the points A, B, ... and E are 108, 
1473, 825, 2047 and 2282 m, respectively. The horizontal width is 43 deg., and the elevation 
angle of the top is 26 deg.  (b) The video camera SONY DCR-TRV40E. The horizontal 
width is 31 deg., and the elevation angle of the top is 21 deg.   
 
4.2. Meteorological information and simulation 
  In Japan, there are 118 meteorological stations to report the presence of Asian dust by 
visual observations. The synoptic charts in each 3-hour are archived in the homepage of Halex 
Corporation (in Japanese), http://www.halex.co.jp/ 
  We have also checked the real time predictions of a simulation model, CFORS (Chemical 
Weather Forecasting System) by Uno et at., in http://cfors.riam.kyushu-u.ac.jp/~cfors/ . 
 
5. Results of dusty scenes in spring 2003 
The dust events in spring 2003 were not as remarkable as during the last three years, because 
snowfall in the dust source regions around the Gobi desert was high this year. This is 
consistent with the thermal split-window results of satellite analysis, such as NOAA/AVHRR, 
Terra/MODIS and GMS/VISSR. 

However, dusty scenes were obtained in Changchun on 26 March, 7, 14-16 April, 1-2, 8, 10, 
19 May, 8, 23 June, and 12 July. Some events were seen in NOAA and/or MODIS AVI images 
as a white area among clouds. The Japan Meteorological Agency (JMA) reported two 
noteworthy dust events, which were observed during 25-27 March and 13 April at various 
observatories in Japan.  
 
5.1. Distinction of dusty scenes in Changchun by image processing 

In order to establish the method of identifying dusty days using Changchun-camera images, 
typical scenes were selected for the analysis. We analyzed the daytime scenes only so as to 
avoid the effects of sky glowing at sunrise or sunset. The scenes are as follows: clear sky: 3 
August at 11CST; cloudy sky: 2 August at 10CST and 10 April at 12CST; light dust: 10 May 
at 12CST; moderate dust: 26 March at 15CST; relatively heavy dust: 1 May at 16CST. The 
RGB values in 8 bit along a common vertical line near the center of each image, such as 
shown in Fig. 6a, were obtained and the values in the sky region only were used. Figs. 6b and 
c illustrate the RGB profiles in sky regions on 3 August 2003 and on 1 May 2003, 
respectively. 

Fig. 6d shows a scatter diagram of the normalized values of B/G and R/G. In the case of 
clear sky, the relationship among Blue, Green and Red is B > G > R (as shown in Fig. 6b), 
and the difference of each is significantly large. For cloudy sky, the differences become small, 
especially between G and R, but never change the relation. Thus, the B/G and R/G values in 
these scenes are less than unity. For dusty sky, the above relationship is reversed, B < G < R 
(Fig. 6c), and the differences increase with dusty levels. Therefore, the values of R/G and B/G 
are larger than unity, and the dusty levels may correspond to these values. 
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(a)  

(b)  (c)  

(d)  
 

It should be noted that this method is applicable to the uniform sky condition, that is, 
isolated cloud should be excluded for the RGB analysis, because this method is owing to the 
scatter and absorption by dust particles through a path. 
 
5.2. Dust events in Changchun and satellite images 
 Fig.7a shows a NOAA AVI image on 26 March 2003 at 14:30 JST. The dense dust around 
clouds is covering Changchun. The dust was also seen in NOAA AVI images at 11:33 JST on 

Fig. 6. (a) The typical clear sky image 
on 3 August 2003, 11CST, and a part 
of a dusty image on 1 May. (b) and (c) 
RGB profiles at sky regions along a 
common line, the location of which is 
shown in Fig. 6a as a white line, on 3 
August 2003 and 1 May 2003, 
respectively. (d) The scatter diagram 
of B/G vs. R/G. 



 7

25 March, and 11:10, 12:49, and 19:21 JST on 26 March. In addition, a MODIS AVI image at 
11:45 JST on 26 March was similar to NOAA AVI image at 11:33 JST. The 
Changchun-camera images during 13 - 14 CST showed dusty scenes, in conformity with the 
satellite data. 
 On 7 April, NOAA AVI image at 2:33 JST revealed a dense dust region entraining into a 
low-pressure system with an associated cold front. In the cameras, dusty scenes were seen 
from early morning to 9 CST, visibility improved during 10-12 CST, and cleared afterwards. 
We could not trace the dust on the other satellite images, which were too cloudy on this day. 
The CFORS simulation results at 9 JST did not forecast dense dust around Changchun. This 
dust might be diffused or be washed out from the atmosphere by precipitation relatively 
quickly. 
 Fig. 7b shows a NOAA AVI image on 15 April at 18:09 JST. The dense dust is covering 
Beijing and northern Korea. Similar images, which were able to see dense dust around 
Changchun were also obtained on 14 April at 14:18 and 18:30 JST. Cloud obscured dust 
events on images from 15 April at 2:44 and 8:36 JST, and on 16 April at 2:33 JST. The camera 
images were dusty during those days from 13 CST on 14 April. TSP on 16 April was 5.1 
mg/m3 in Changchun. The CFORS simulation forecast dense dust over northern parts of 
China during those days. 
 The dense dust around Changchun accompanying a low-pressure system is shown in an 
MODIS AVI image on 1 May at 11:20 JST (Fig. 7c), and it was also seen in a NOAA AVI 
image at 14:48 JST. The camera images showed many dusty scenes on this day, and the 
dustiest scene was taken at 16 CST. NOAA AVI image at 2:55 JST on 2 May caught diffused 
dust.  

Fig. 7d shows the matching 12-8.6 µm MODIS image.  While, for the sulphate-rich 
volcanic plumes from Miyakejima we found a consistent increase in the clarity of these 
images over 12-11 µm images (Kinoshita et al., 2003a), the results for dust have been mixed.  
The differences between the areas of dust identified in Figs. 7c and d are consistent with 
Sokolik (2002), who showed that the response of the 8.6 um channel was extremely sensitive 
to dust composition, and that the 12-11 µm results are sensitive to dust loading.  
 

(a) (b)  

(c) (d)  
 
Fig.7. The AVI images. (a) NOAA/AVHRR, 26 March 2003, 14:30 JST, (b) NOAA/AVHRR, 
15 April 2003, 18:09 JST, and (c) Terra/MODIS, 1 May 2003, 11:20 JST. (d) As of (c), but for 
the difference of 12 and 8.6µm 
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5.3. Asian dust events in Japan 
The dust events observed in Japan were studied by using satellite images, synoptic charts, 

and web-camera images at Kagoshima. We also used the archived CFORS simulation results. 
The two major dust events during spring 2003 were reported by many meteorological 

observatories during 25-27 March from west to east Japan, and 13 April in western and 
central Japan. According to the synoptic charts and the CFORS simulation results, the first 
event appeared to originate in the Gobi desert with a low-pressure system on 22 March. The 
dispersed dust was distributed in a mobile high pressure system following the low, covering 
west Japan widely during 25-27 March, though CFORS simulations did not display dense 
dust levels around Japan. There were no dust reports at Kyushu observatories, but 
web-camera images at Kagoshima displayed dusty scenes throughout this period. 

The dense dust regions over the Chinese region were seen in NOAA AVI images from 10 to 
11 April around the Ordos and Loess plateau. Dust behind a cold front was observed widely in 
western Japan on 13 April. Although the dust under clouds was undetectable with satellite 
observations, the CFORS simulation results showed a relatively dense dust region was 
stretched and covered Japan, and the web-camera images at Kagoshima indicated dusty 
conditions under clouds on that day. 
 
6. Concluding remarks 

The heavy dust event in Changchun on 11 Nov. 2002 affected Kagoshima the next day, as 
confirmed by AVI images of NOAA/AVHRR. On the other hand, in the spring of 2003, the 
episodes of Asian dust were not so notable, and there were no heavy events affecting both 
Changchun and Japan, though there were mild dust events in Changchun, Kagoshima and 
other places in Japan. 

The method of continual view camera recording, in conjunction with satellite imagery and 
other related data, is confirmed to be useful for the study of the dust phenomena, especially in 
cloudy conditions where satellite and other observations are limited. Camera imagery is also 
helpful in understanding local weather and clouds in general. Recent computing developments 
make it easy to organize and use large numbers of digital images, and digital analysis is also 
possible as discussed in Section 5. The application of camera recording to volcanic cloud 
monitoring is discussed in Kinoshita et al. (2003b). 
  In addition to the well known dusts in Asia and Sahara, we have been monitoring some 
recent Australian dust storms, e.g., October 2002 
 (http://arist.edu.kagoshima-u.ac.jp/adust/kosa-e/2002kosa/02ausdst/ausdust.htm), 
and January 2003, and so on. A basic understanding of the extent of global dust phenomena is 
an important problem with respect to global climate change. 
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