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Abstract 
 The optical properties of mineral dust over eastern Asia are derived by using the data taken by space borne 
lidar CALIOP on board the satellite CALIPSO.  The dust was frequently observed over eastern Asia.  The 
depolarization ratio and color ratio by the lidar were decreased and slightly increased, respectively, from 
west to east above China.  This result is qualitatively comparable with the former studies showing that the 
mineral dust particles originated from western Chinese arid region are often observed in the form of 
internally mixed with sulfate or sea salt over the eastern Chinese coastal region, or Japan and the western 
Pacific ocean.   Since the coated dust particles thought to be effective as CCN, the degree of the coated 
dust will be important in estimating indirect climate effect of dust particles.  The space borne lidar has 
potential in providing this kind of information globally. 
 
DEFG 
()(.HIJ*!KLM&+,-DNO

G.PQR'6STUV!"#$%6$WGD

(XYZ=[V\.]^_`a$%Qbcd 
+,-DSe/fghijMklGmnfo

pqd+,-Dr&6st1uvwxyMQv

z.L{G||}cd$WG~G��c��G6

+,-D���.��y����MQbc�

����6vzyy_G�z.L{f�MQ_6

�h1GklGmnqcd 
� ����M&��u+,-��D+,-.

KL*!D"#$%Q�W�6����V�!

��$%c=��.+,-D����M&�

�!�c y|W6+,-���¡¢$%c�

G6u£W|.��¤¥�LEQbc_.y¦

§W%c 1, 2, 3d .��u����¤¥D6+

,-��.�¨f©ª$«c y�6"#¬t

|W®$%Qbc 4d+,-��y����

MQbc��yMQD¯°±6²°±u³.´

µ¶·��¸¹± 5u³��ºW%Qbcd 
� CALIPSO »¼DSe½¾.R¿ÀfÁM6
�� 2ÂÃpÄÅ1GÆ(ÇÈÉyz."#f
ÊËQbcdÌPQ6"#$%&ÍÎÏD+,

-.ÄÅ�ÐfÑc.GÒbc y�!Ócd

CALIPSODNd:YAGÔÎÕ.Ö×ØG�Ëc
Ù�ijÚÛyÜÖÝÞ×G�Ëcß/àá

âfã§cdäåD .ÍÎÏf'()(*G

�Ëc+,-.æ�ç1u2�fèc&FG

Òb&d 
 
¬t  

Fig. 1(b),(c),(d)DÝâ 0.2km|W 2km.�6
Fig. 1(a)G$%&é*êA|W H6��ë Q

|W Xì�!Tí$%& 532nm !.+,-.
Ù�ijîÛ(!532,p)6��.ß/àáâêPDRì
��ëïðêCR: ñ×Ø.Ù�ijîÛ.ðò
!1064,p /!532,pìfóqd 
ôõ.öNJ*D÷�èW%&+,-KL

*êÏøùúZûüý6þÿüýu³ì!�c

�6 %W.J*|WKLM&+,-DNOG

�PQ'�G¡¢$%cd!.&F6PDR ¸
CR ."#D¡¢G$�+,-��.æ�ç1
u"#_M�D%.&'.Æ(ÇÈÉ��y

.��()f*+qcy¦§W%cdFig. 1(d)
G�cy CRDôõV�. A|W H6��ë,
û-.'/()(V�. Q |W X .�6!Ã
p�0.1fyPQbcd�� PDRDé* A, 
B, C, DGð�QF, G, H!q�Q.2345M
Qbc(Fig. 1(c)dFig.1!D6.¬t.7f
q)d ,û-.'/()(V�!D PDRD F, G, 
H !.1G8bÃp�0.1fqd!532,p D
ôõV�6N|W'G|ËQÃp�0.1f9

c�6D|W EG|ËQDb�%.23_45
�:W%cd %DÏøùúZûüýêé* Dì
V.;b+,-f*+MQbc yG�cy

¦§W%cd,û-V�êé* Q, R, Sì."!532,p 
D%.é*Gð�Q 2<=V.1fMQbc 
(Fig. 1(b))d 

 
¦> 
¬t!$%&'�. PDRê4ì6CRê�0

_M�Dæ©ì6"!532,pê�0_M�Dæ4ì.

®qcy ?f¦§cdPDR�@$b1f
M&ôõ'�¸,û-ö�D´ABCuJ*

!�DÌ^EkF,¶·.¯G°#��+,

-óHGIJM&��u6����M&���

#0$%Qb& yDVG��&d .��u

C- 2

- 24 -



EkF,¶·.ÖKL{��D�¨�LMN

Î-yOP%c 0.1#mI8fôQGRSM6T
(DÅTG8bd .&F´µ¶·��. CR
D 0.5=~.1fyD6PDRDUÇG8bdV
G .��u���+,-yW���ê��½

XDYZMQ�ED�P&()ìM&��6"

#$%&¥â. PDR .45y½E¥â.[�
! CR�45qcê\]D^qìdPDRDÃp
�0|æ©!�c&F6´µ¶·��y.W�

��DV_»¼"#¬ty`�Mubd&aM6

_M .é*.bR���6PDR�ÃpUÇ6
CR �+,-y½¥â6.1fcd��u��
!�c��DW���!efgh!�cd .

��u��yMQ6¹±����c�6ôõ¸

,û-.6�c¥â�[!³.¥â¹±���

RSqc|60i1ujkflq"#¬t�m

�!Dubd .Ã|6´ABCuJ*!Dn

o(BC)�����RSqc y�pq$%Q
bc�6BC.©ªGrMQ PDR.1Dst!
ubd+,-���¯°±¸¹±y����M6

$WG %W.���uàMQbc�� PDR
Dv~qc!�?�dr&��¨�©ªqc 

y|W CRDæ©qc!�?�dÌPQ"#¬
tf��ef!Ócgh���cdM|M6w

xu�W6 %G$�"#.¥âf0i1G:

M_c yDbr.y ?yMbd 
 
 
 

z¦{| 
 1. Trochkine, D., Y. Iwasaka, A. Matsuki, M. 

Yamada, Y.-S. Kim, T. Nagatani, D. Zhang, 
G.-Y. Shi, and Z. Shen (2003), Mineral 
aerosol particles collected in Dunhuang, 
China, and their comparison with 
chemically modified particles collected over 
Japan, J. Geophys. Res., 108(D23), 8642, 
doi:10.1029/2002JD003268. 

2. Zhang, D., Y. Iwasaka, G. Shi, J. Zang, A. 
Matsuki, and D. Trochkine (2003), Mixture 
state and size of Asian dust particles 
collected at southwestern Japan in spring 
2000, J. Geophys. Res., 108(D24), 4760, 
doi:10.1029/2003JD003869. 

3. Niimura, N., K. Okada, X-B. Fan, K. Kai, K. 
Arao, G.-Y. Shi, S. Takahashi (1998), 
Formation of Asian dust-storm particles 
mixed internally with sea salt in the 
atmosphere, J. Met. Soc. Japan, 76, 275-288. 

4. Zhang, D. and Y. Iwasaka (2006), 
Comparison of size changes of Asian dust 
particles caused by sea salt and sulfate, , J. 
Met. Soc. Japan, 84, 939-947. 

5. Seinfeld, J. H., et al. (2004), ACE-ASIA, 
Regional climatic and atmospheric chemical 
effects of Asian dust and pollution, Bulletin 
of the American Meteorological Society, 85, 
367-380. 

 
 

 

 

 
Fig. 1 (a) Area averaged (b) !532,p, (b) PDR and (c) CR.� Solid lines are for A to H, 

and broken lines are for Q to X. 
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