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.ĪÉƁ-�Aȋō1�B?2ǩit^OV2ą�å¶E�ŁHUHéǴ1��A\VaJlya
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ƕ 1 Ɣ 

ƈƑƩĸ�>5ƈƑƂƁ 

 

1-1. ƈƑƩĸ 

Ûŷ2ŠŜ13�HNLC ŠÝȉHigh Nutrient Low Chlorophyll ŠÝ�ȇŅȅá�Oxx

iIvŠÝȊ.Ð4BAŠÝ�íÚ"Aȋ»ňŠ�êĄŜŁǣǍǡÝ�% ,¸ǣ¸êĄŜÝ��

0 HNLC ŠÝ-�AȋØ1.13�Šœ�2ƉǥáŮć2āEƌ '<2-�AȋHNLC ŠÝ3�

ņŲktyOay2ĕȀŅȅá2}+-�AŠœ�2Ɖǥá�ȇŮć-íÚ ,�Aȋ%2';�

�2ŠÝ1ő7B4ņŲktyOay2źŲǧ3ȇ���0��²ŴĘ1�AƉǥáŮć1ƺÉ�

(�2źŲǧEƤĝ-�0�ŠÝ.0*,�Aȋ�2¿Ö3�Šœ�1Ŭí"Aǩ��Ǒ ,�A

';-�A.ƨ�?B,�AȉMartin et al., 1990Ȋȋǩ3�ņŲktyOay1.*,Ǻì�Ǣ

ƛ�£Éęƛ�£Éęưƞ2źę0/�źÑŝ¶1��,Ō�$0� ƞ-�Aȋ+9@�HNLC 

ŠÝ2źŲǧ3�Šœ�2ŬíǩŮć1>*,ĦǤ�B,�AȋŠŜ62ǩĨāòȆ-<%2�.

�ƶ��?B'ȉe.g. Tsuda et al., 2003; Boyd et al., 2004Ȋȋ%B-3��2ŠÝ2ǩ3�/

��?�Ƣ�B,�A2(C��ȋ�0�ǩ2�Ƣū3�+2ÇƪĖ�ƨ�?B,�@�}+3ř

þ�?2Ş¤=ŠŜ�ú�?2ÕĂ0/ŠŜŽŀ2<2�<�}+3ǴÝ2Ƈŭ=�űÝ0/�?

ȃ1>*,Ā�~�?B'ǫŲƙì1Ì9BAǩ��éŒǕǛEƠ,ŠŜ6.Řƅ"AéŒŽŀ2

<2-�AȋçŜ-3�Ş¤"Ařþ2Ċǽ�Â40��.0/�?�ų1éŒŽŀ2ǩ�ƅƂ�
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B,�'ȋéŒ�?2ǫŲƙì=ǩ2ŘƅǧEƺƐ<AƈƑ3��B9-è�ƳDB,�AȋUem

atsu et al.ȉ1985Ȋ1>Aƽŧ28��Tsunogai et al.ȉ1985Ȋ3êĄŜ~�>5İľ-ƽŧ�B

'éŒ�\VaŮć2���ŁHUHéǴ�?Èƽŧů9-2ǒǷ1>*,�ĞĩǯĩƁ1ťø �

Ǚ�-�A�.Eƺ�« 'ȉØ1.2Ȋȋ%2č�Duce and Tindaleȉ1991Ȋ3�Êƽŧ�E��

éŒ�?ŠŜƵǼ1�Ƣ�BAȉ���éŒŽŀ.ǀ"Ȋǩ2ąǮit^OV2¥ŷāEĤñ 

'ȉØ1.3Ȋȋ%2č�éƸŜ0/�2Š~-<éŒ�2ǩŮć�ƽŧ�BA>�10@�Jickells 

et alȉ2005Ȋ�Mahowald et al.ȉ2005Ȋ1>Aĩ�q`v<ż�'ĤñEƠ,�Mahowald et 

al.ȉ2009Ȋ3�%B9-2ƽŧ��>5ĩ�q`vERymU^a �éŒŽŀ2ąǮǩit^O

V2¥ŷāE>@ǄƟ1Ĥñ"A1ƭ*'ȉØ1.4Ȋȋ � ��B?2ƈƑ3ǬļƁ0ƽŧ`|

[EÌF-�?#�ą�å¶Eǉǆ"A�.�-�0�ȋ9'�ąǮit^OV2:ƌ�B�îƗ

å¶0/Eǉǆ"AķǮƾƪEĻ ,�0�ȋ 

Ǚąǭƀ�B,�AéŒǕǛq`v3�éŒ2ǇĿ�Eż�,ƬŰǎū2LHxZv2ħ«

ǧ�ǕǛ�ŪĖ{ðęŘƅǠƏETorw|a"A�.�-��éŒ\Va2ƀź�ǕǛ�ŘƅǠ

Ə2ƒǮā�>5ķƛ¯å·E�ŧ-�A>�10*,�'ȉØ1.5�e.g. Uno et al., 2003; Ta

kemura et al, 2005Ȋȋ � �q`v1>*,Ĥñ�B'éŒ�2LHxZvŮć.òǶ2ƽŧ

�.-3�10 ��~2ÿ�ź!A�.<ßÎ�B,�@ȉƵ1.1�Uno et al., 2003Ȋ�éŒǕǛ

q`v2ƚć3�éŒ�?ŠŜ1�Ƣ�BAǩ�ŠŜ2źŲźŻ1��AĊǽEǉǆ"A';13

¡-30�ȋ 

Ŕř=ŔĆ3}ąEǜ ,Æ�Ɛǹ2~1Į �ǰǹ�ō�.ǝƣƁ1Ɛ<*,�Aȋ+9



 7 

@Ŕř3Ţǣ�?ƵǼ1Ë�*,Ûú2>�1ķǮƁ1ǝƣ0úEĉę ,�Aȋǹ�ǰA.�1�

ǹ3éŒ�2ŉ�0ŲǌEÄ@ǘ:��í '99Ŕř2Ţǣ6.Ä@ǘ9B,��ȋŔřEƵǼ

�?ǝƣƁ1ĢÄ �%2ŔȉHJVRHȊ1Ì9BA·ïęEǝƣƁ1ł"B4�ŶÚ�?

ǠÀ1��,éŒEǜ ,Ŕř1Řƅ '·ïę2ǧEĤñ"A�.�-�AȋǴÝEǎū."

AŲǌ2õ�Eǂ�"A';1ż�?BA�ƵƁ0ĞŊ3�ǻŠáĖ2NvTKpJMy.�ŬĖ

Ù�Ēƙì-�Aȋ�B?2Ųǌ3ǴÝEǎū. ,éŒ1ħ«�BAŲǋ-�A��HJVRH

EƲƾ ,�?ŧñ 'àÉ�éŒ�-2åǌ=łĥ�1>Aåǌ�ŧñ�1Ċǽ���?BA

�.�ƨ�?BAȋ 

~ǚ '>�1�¸ǣ¸êĄŜÛÝ2ņŲktyOayǧ1ĊǽE��AǴÝǎū2Ųǌ3

ǩ-�AȋéŒŽŀ2ǩ2ĊǽEǂ�"A';13�HJVRH1Ì9BAǴÝǎūŲǌ-30�

ǩ%2<2Eŧñ"B4>�ȋ � �ǩE3!;."AǦǨù ƞEŧñ '¢ƳƈƑ2ĩ3Ǳ

?B,�Aȉe.g. Boutron and Patterson, 1986; Hong et al., 1996Ȋȋ%2ŸŽ3�HJVRH

�1Ì9BAŮć�Ʊ��HJVRH2ġ±�=ƾłªŸ�1HJVRHƵǼ1�ƅ"AŲǌȉŖ

ńȐRy[oe|TsyȊ2ĊǽEÅ�="��.-�Aȋų1ǩ3Źã�1è�Ì9BA ƞ-

�@�HJVRH2ġ±1�ż"AǏƊÉǨƷ2buv2¬�HJVRHE®ĭ"AÉǨƷ2fy

bY|2¬�éŒ�1şǟ"AƘ!F0/�?HJVRHƵǼ1è��ƅ �9'łĥ��1<

ţ¤ ="�ȋǃĬƵǼ1�ƅ 'Ry[oe|TsyEǳÀ"A�.3�ǻă1ěǮ���@Ǹ

 ��ĥ�įŚ1>*,3ǃĬ�1Ì9BAŮć1Ċǽ�0�Əć9-ǳÀ"A�.��Çƪ0à

É<�Aȋ9'�ǃĬ2ªŸ1ěǮ.ƟĔ2śė�ĕƹ.0A';�ĭƣƁ0ł�?Ůć2å·
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Eǉǆ"AƈƑ1ſ9@ȉBatifol and Boutron, 1984; Matoba, 1998; Edwards et al., 2006; Z

danowicz et al., 2006Ȋ�ǝƣƁ0ł�?ŘƅǧEĤñ 'ƈƑ3ŏ/�B,�0�ȋ 

 

 

1-2. ƈƑƂƁ 

ľƈƑ-3�¸ǣ¸êĄŜÛÝ1Řƅ"Aǩ2kxiGJvEĳ?�1"A';1�ȉȌȊ

HtVN2ûüŔř-ĢÄ�B'HJVRH1Ì9BAǩŮćEŎƋ1ŧñ"AįŚEƋƓ �ȉȍȊ

HJVRH�2ǩŮćEǝƣƁ1ŧñ �ȉȎȊǠÀ�?ŶÚ1��,éŒ�?Řƅ 'ǩ2ǧȉ�

ǰ�ǩit^OV.ǀ"Ȋ�>5%2å¶Eĳ?�1 �ȉȏȊ%2å¶2ƹÖEĳ?�1"A�

.�EƂƁ. 'ȋ�?1�ďŀ2ǴÝǎūŲǌ.ƨ�?B,�AHJVRH�2ǻŠáĖNvT

Kp.�ŬĖÙ�ĒƙìŮć2`|[E�$,ƾł �ǩit^OV.�$'3+2ǴÝǎūŲǌ2

HJVRH�2ĞŊ2ĉękxWVEĳ?�1"A�.EƂƁ. 'ȋ
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	 1.1� ������������
�HNLC�High Nutrient Low Chlorophyll�
�World Ocean Atlas, 1994��
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� 1.2 �-30��������
.&�(	��������
.&�(�
/2	����"

�1),�'!3Tsunogai et al., 198545 
 
 

 

 
� 1.3 �"�%$	#+��0�����
�*�  (Duce and Tindale, 199145
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¶ 1.4 ƯaưŻĲ��
2)ƯbưĀ�eTi$25Ƙ\gQCJ�ß 
ƯMahowald et al., 2009ưƱ 



 12 

 

 
¶ 1.5 Ā�eTi$25;I;OJU&ƊƎƑœƯCFORSưƱ 

 
 
 
 

ŵ 1.1 Ā�eTi
2)ŻĲ$25ÈĝŃďľƃ&\gQCJƯUno et al., 2003ưƱ 
large horizontal gradients of SO4 are predicted around the
latitude of 40–45!N. Under such a situation, slight changes
in the timing and/or spatial location of the transport path-
ways (e.g., errors in modeled meteorology) can lead to large
variations in the time series at a fixed point. Sulfate
concentrations are simulated well after day 102.
[44] A peak in BC, Radon and CO is observed on day 107

(17 April), which is not captured in the model. Observed
SO4 does not show this peak. Model simulated horizontal
SO4 distribution is shown in Figure 8f. We can see that a
clean air mass existed to the west of Rishiri. Matsumoto et
al. [2003b] discussed this EC peak on the basis of optical
particle counter (OPC) and other chemical tracers and
indicated the possibility of biomass or forest fire influences
from the far east Russia. Further study is needed to identify
the origin of this plume.
[45] The CFORS scaled radon and CO show good agree-

ment with the observations. As listed in Table 3, the
standard deviation and coefficient of variation (C.V.) are

Figure 6. Comparison between observed concentrations at Hachijo island and CFORS model output.
(a) black carbon, (b) dust and Al, (c) nss-SO4 and (d) radon.

Table 3. Statistical Comparisons of Model and Observationsa

Tracers

Observations CFORS

Mean s.d. C.V. Mean s.d. C.V.

Rishiri
Radon, Bq/m3 4.88 1.20 0.25 5.42 1.47 0.27
EC (BC), mg/m3 0.43 0.26 0.60 0.41 0.19 0.46
SO4, mg/m3 2.52 1.37 0.54 3.34 2.11b 0.63
Al (Dust),c mg/m3 1.41 1.59 1.13 21.3 19.7b 0.92
CO, ppb 209.6 36.9 0.18 217.9d 35.6d 0.16

Hachijo
Radon, Bq/m3 1.23 0.52 0.42 1.23 0.48 0.39
EC (BC), mg/m3 0.33 0.15 0.45 0.40 0.16 0.40
SO4, mg/m3 3.70 1.51 0.41 4.82 2.20b 0.46
Al (Dust),c mg/m3 0.83 0.63 0.75 22.9 24.9b 1.08

aHere, s.d., standard deviation; C.V., coefficient of variation.
bEvaluated by daily averaged value.
cAl is taken for observation and total dust concentration for model.
dCalculated by (CO ! CFORS) " 2.

UNO ET AL.: REGIONAL CHEMICAL WEATHER FORECASTING ACE 36 - 11
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ř 2 Ř 

ŌŖõĥ 

 

2-1. ƀāúª!ƀā&¿čņñƃ 

�6, �¢ƕ¢ÉãĦ¾$ģŊ�5ÈĝOJU
2)Ƙ8ø	5�/$��&°Ƌ$ļº

�5����&ğĤ$ŊŇ��BcPfRB¤Ü1;gJB#"&ÚÛğĤ ;=JF;8ù��

��Ư¶2.1ưƱčŌŖ '�;gJB&glEiÚ ù���;=JF;8Ł���Ē8ų��Ʊ

glEiÚ'�¢ÉãĦ&Đƕ�;dhB¬Ų¸;gJBÝ¥ƕ&glEiÚ»&¢ŧ62å00��

ĐŢ144å00�$�4�ėƭ' 4317 m �5ƱglEiÚ&Úƨ$'�âŞ 4 � 6 km&BiT

g��4���$Ɲ��Ƥ�Àŕ��ğĤ$#���5Ư¶2.2ưƱYasunari and YamazakiƯ20

09a, 2009bư$25ëĄĨƆŦżĒ$25!��&»ļ'¢ÉãĦ
2)�&°Ƌ¾8ƄĴ!��

ŗĝÂ&Ĩ6&ƪq$�ũ���5��� �2003ä!2004ä&6Ċ$��6�6 50.29 m ! 21

5.88 m &;=JF;�ù��6�ƯShiraiwa et al., 2004; Matoba et al., 2014ưƱ;=JF;

'�� ąč, ƊƎ��¢ĪƒÈÎ�ıőÎŌŖô&�ıÑƬÒ żĒ
2)�Ŀ8ų��Ʊ;

=JF;& 1 čěƯŞ 500 mm ƚư&Ôå]k\:=i�Ňź žƙ�6�ğđ&§��;=J

F;8úª��ë&ù�Ë8�Ł��ĲÐ��ğı&]k\:=i8¶2.3$ŏ�ƯShiraiwa et al.,

 2004ưƱÔå'ğĤ&ĭ�Ą$®��¦ş$Ä���űƤ8~7#�wƤà ŻÕ�65¹ÔƑœ

$ì�]k\:=i8ŏ��Ʊğđ&§�'

.% 5 mm |q �ĉÈ 0 15 mm œå �
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��Ʊ,�ù�»ļ &äã¼ĝı8ŏ� 10 m ĭƤı' –18 �|q���Ʊ�63&�!�3�

glEiÚ;=JF;'űż&èƧ8+!9"«��
3��űżĞ$25¡Îò�]k\:=i

&v6'ŀ���#�¡Î�Ē$ƥá$Ɠ��;=JF; �5!Ū	365Ʊ,���&Áô&

äĬƫƗ'ĞýŚ  2.4 � 2.6 mƯKanamori et al., 2008ư �Ƥ Ş 7 m $ŉç�5�/�

ƭĈƛ�żŬ&TnN�ċê 5Ʊ 

 

2-2. ¡Îò�&�Ēõĥ 

2-2-1. uŹ¡Îò��Ēĥ 

 ĞŠ!ƖŠ&ÏÐ��Ĝ!ĶÌ=AlŔ�rĶñ·�îŜÊ&ķå8�Ē�5�/&ƀā

'�XlVMn8Ł��;=JF;8ŨĄ®$4�&1$�����&o�8ĭ�Ą® 50 � 100 

mm ƚ$����ƀā&°48Ş 5 mm KgbQCW=\ �4Ů!��ŵƦ$zŊ��ġĔľ

8Ɵ©��ë�İĩ#`h]k[jlÓ²�$�6�áı űż��ƂŸ��Ʊ 

ƖŠ&ÏÐ��Ĝ'�ãŴĥ$2��Ğ�Ê&ƖŠ¨Ê!xƖ¡ĻŠ&ƖŠ¨Ê8ũý��

�&xƖ¡ĻŠ&ƃƗ8ƃƗ�ĒŽƯFinniganŐ Delta plusư8ĲÐ��Ġ/�ƱĞŠ��Ĝ'

CkcƔ�ĺ Ğ�Ê8ĞŠ$Ɣ���ĞŠ&ƃƗ8ƃƗ�ĒŽƯGV InstrumentsŐ Isoprimeư

8���ĲÐ�Ġ/�ƯYasunari et al., 2007; óył, 2008ưƱĶÌ=AlŔ'�=AlCka

UDg\<nƯDionexŐ DX500ư$�ÐƗ��Ʊơ=Al&ĲÐ$'��ƣBgc$ CS-12ƯDi

onexŐư8Ł��Ķƣī$ 20 mM dNlJi_lƖ8Ł��ƱƠ=Al&ĲÐ$'��ƣBgc

$ AS-14ƯDionexŐư8Ł��Ķƣī$ 3.5 mM ĻƖWUh>c�1.0 mM ĻƖĞŠWUh>c
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Į¬ī8Ł��Ʊơ=Al�Ơ=Al&ĲÐ!0ƀā' 500 µL 8×���ƱÐƗƞń'Ş 10 p

pb��Ēŝå'Ş 10 % ���ƱrĶñ·�îŜÊķå'�jnHnÿv½YnS<CiB>l

NnƯMetoneŐư$�10ęƢ$��36�ŜéěƯ0.52 � 0.71, 0.71 � 1.00, 1.00 � 1.42, 1.

42 � 2.00, 2.00 � 2.82, 2.82 � 4.00, 4.00 � 5.70, 5.70 � 8.00, 8.00 � 11.15, 11.15 � 

16.00 mmư$�Āķå8ĲÐ��ƯYasunari et al., 2007ưƱ 

 

2-2-2. Ƙķå&�ĒĄĥ 

 ;=JF;'XlVMn8���Ũ$4�����&��&o�8�Ƙķå&ĲÐŁ$Ł�

�Ʊ;=JF;&ŵƦ$'ù��Ė1F;�Ŀ�Ėt$ġĔľƃ�zŊ���5�/�Ɵ©�5ï

Ź��5ƱġĔƟ©�Ė'�ıÒ�&Chnlinc$ſũ�6�Chnl^lP� |q&õƩ

 ų��Ʊĉ�$�`h@PjlŸ&õŶ8ŷŊ��;=JF;&°µ8İĩ#KgbQCW=\

 o°�4Ů!��Ʊ�&Ĉļ õŶ$'�F;ŵƦ$ÈƗ$zŊ����ġĔ�zŊ�5�/�

ƀā8İĩ#Áô$ũ���ă±&õŶ$ŷŊ�ň��ƱæŤF;&°µ8�4Ů!����

��F;8oå$�§�����,�!�F;&��$ġĔķå&ƭ�F;ÇÙ&�4���zŊ

���,��/�F;8´Ƈ��#�3��Ù$0���°µ&ğ8�4Ů!��Ʊĉë$��å

ă±&õŶ$ŷŊ�ň��ĉë&o°8�4Ů!��ĉšņ$��&ňéŞ 20 mm &F;8�ō

Ɩ!ƅşĞ ħĩ��S\klZl$Œ���áı űż���Ʊ 

űżë�Gl]iĶī�&ĶÌƘ&�ÌÓ²*&¯Ŋ
2)ģĚ8ƜĘ�5�/$�űżë

��$ƅƭşåōƖ8 1 %į���ƱōƖ&į�ë�Gl]i�$ŜÊ!��Ìº���5Ƙ�Ķ
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��5�/�Ɩį�ë�(3�'�ĶÌƘķå�Ĉƛ!!0$Ä��5ƱƖį�ë&Gl]i�&

Ƙķå8Ðċņ$ĲÐ��Ƙķå&pĆ��Ę��ċƛ�3�čŌŖ 'Ɩį�ë$ 1 Ɛƛ|pþ

ũ�6(Ƙķå�ÏÐ�5�!�����Ʊ,���&ë 1 mĊþũ��Gl]i&Ƙķå0ĲÐ

��Ƙķå&pĆ'#��!8ŎƁ��Ʊ 

pž&�Ŀ$2��ĲÐ�65Ƙķå&Ƙ&ťķå$Ö�5�¬8Ġ/5�/�|q&�Ŀ

 Ƙ&ťķå8�Ē�5�/&Ɩ�ż�Ŀ8ų��Ʊpƍ���Ŀ$2��ƂŸ��ƀā 5 mL 

8�İĩ#S\klÓ²� ůŅw·���ë�ĮƖƯķ\QƖ 0.2 mL�ķƑÃŠƖ 0.2 mL�

ķōƖ 1.6 mLư8�	�ƈ�Ű8�� 5 Ĉƛ�Ľ��Ű8ª���Ľ�Ť��ůŅw·��1 

Ʈ ōƖ8�	�Ʊƀā$ 1 % ōƖ&į�&�Ŀ&-��Á¬'�ĮƖ$25��ż�Ŀ��Á¬

& 9 �|p&Ƙķå8ĕ� 5�!�ŎƁ�6�Ưŵ2.1ưƱ|p&�Ŀ8�2003äF;&�Ù 

50.3 m 
2)2004äF;& 52.6 m �3 100.1 m , ų��Ʊ 

Ķīƀāt&Ƙķå'���Lnal¨Ê¯��åŽƯHITACHIŸư8Ł��ĲÐ�6�Ʊ

�åŽ&�ĒĎ}'�ƘķåĲÐ&�/&oŭņ#]kDgcſÐƯŵ2.2ư8Ł��ĕ�ƞń' 0.

5 µg/L ���Ʊ 

 

2-4. ;=JF;&ä{ĢÐ 

 ;=JF;&ä{'�ĞŠ&ÏÐ��Ĝ δD &ÍśÅ 8Ł��üÐ��ƱδD 'ƝƤ�

ŀ��Áô & Ƒ©&ĝı&÷ė �4�glEiÚ$
��'�Æ$ƭ���$��ćŋ#Íś

Å 8ö�ƱčŌŖ '�δD &ÍśÅ &ěä&ĉØ�8�&Ù!���638oä&£�4!�
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�äÙ8B>lU��Ʊ,��ŇźŻĲ$�ŻÕ�6�ĸÚĹÙ8�1992ä$;gJB ³ĸ��

JYnÚ&ŏĵÙ!���δD  üÐ��;=JF;ä{8ŎƁ��2003ä!2004ä$úª�6�

;=JF;&TnN8�#�`=lU!��Ʊ,��óyłƯ2008ư$2��ĲÐ�6�ƖŠ&Ï

Ð��Ĝ8Ł���sF;&TnN&CkJP?QC8ų��ƱsF;'��o&ù�»ļ�

3í36�0& '#�����60glEiÚÚƨğĤ�&ƌû�5»ļ ù��6�Ʊ2003ä

F;
2)2004äF;&ù�»ļ&äƛĬƫƗ'��6�6 2.49 m w.e.�2.66 m w.e. �s»

ļ&äƛĬƫƗ&Þ' 10 % Čĳ �5Ʊ,��2003äF;&ĉĭƕ&ÙƯ1991äë¤�31992

ä�¤$ç�5ĭåŞ 26.5 � 28.5 m w.e.ư&ƖŠÏÐ��Ĝ]k\:=i8�2004äF;&

Öð�5ä{&Ù&ƖŠÏÐ��Ĝ]k\:=i!ĜƉ��ţē�sū'o&Å �®
2)

�8ŏ��!�7���Ʊ������sF;�3í36�TnN8ƏŤ�5]k\:=i!��

ø	�2�0&!�Ă��Ʊ
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� 2.1 � ��������������
�����"!���#�����	����
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# 2.2 ���)������,�$7C?;�DE
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# 2.3 ���)C2003D������89���
��CShiraiwa et al., 2004DE 

*���2�'+�2/����B4E
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Į 3 ĭ 

ķò ľ½ A 

– ŤďÈXcW<>a ŤW_NCK – 

 

3-1. =>KF=l%ŤďÈXcW<>a 

 3̈.1a#�ĉ»�7�_dEaÂ=>KF=l%ŤďÈXcW<>a:ħ�ż 3̈.1b&�Ya

sunari et al.ź2007Ż�3)×pęź2008Ż#3��ĉ»�7���F=%üĴº»�y{úXc

W<>aźδDŻ��6ż 

 ÆsĀ»%ķò�_dEaÂ=>KF=l%ŤďÈXcW<>a&�1981Æ�2003Æ-�%

ĳ23Æ�#ĠË�6� 
9	��ż-��ŤďÈ&�Á#9���µ¿%äĢ"VfC:Ù��

 
9	��ż�74%VfC&äĢ"¹İÒ:Ù��δD %�
ùÆè¿�	4èµ�* tũ�

6çë��"9�æ¹#ĠË�6çë#ùÆĕ76� 
9	��ż-��ĆÈ 3.8 m �3) 4.

0 m #�èµ 60 ppb :œ�ŵŁ"ŤďÈ%VfC
ņ47�ż�74%ēÐ&�m#ð=J=

µŬ#���ùÆĤÃ
Ĝė�6çë2��%ŘŜĶŕ%( ���6âí�ŹĤĕő
ŉĉ�7

6çëźe.g. Arao et al., 2003Ż Ŷxĝ��5�60 ppb :œ�ŵŁ"ŤďÈ%VfC
ņ47

�ĆÈ&�ē#µŇö"ĤÃ%Ĝė�3)ŹĤĕő
ŉĉ�7�2001Æ 2002Æźtũ�ŹĤ%Ë

�5Æ Ōŗ�6Ż%Á#Ë�6� 
9	��źe.g. Jaffe et al., 2003Żż-��ŤďÈ&æ¹

:ŝ��ŞĹĝ#ŸďÈ:ħ�"
4�Æ#ńß%VfC:Ù�� 
9	��ż�%� &�æ



 23 

¹%g»ëŧ�ŞĹ���6�&ńß¤#Ĉ��µû	4Ť
āġ��� :ħ���6ż 

 

3-2. ÆŧŤW_NCK �%²�Ņ¥ 

 _dEaÂ=>KF=l%ŤďÈ:»ţĝ#Ő+6�0#�Æŧ%ŤW_NCK#Ýį��

źŃ3.1Żż�7&�HdXa
÷Þ���61991Æ:ū�1981Æ�2003Æ%�Æ%Ť%ÆŧW_

NCK%PfL��6żŹĤ%Ë�5Æ#��62001Æ 2002Æ%ŤW_NCK
 18.2 mg�27 

mg  èµ��è1À"	��%&1992Æ% 3.2 mg ���ż�+�%Æ:Å¬��Æŧ%ŤW_

NCK& 8.1 mg ��Ë�5Æ%2001Æ 2002Æ:ū��Æ:Å¬��Æŧ%ŤW_NCK& 6.

6 mg ���ż�74%�&��łĥĪ�Ü»�7��6�Ţ�¶Åă%ÆŧŤW_NCK à

�ĝ�
�Æ� %ŤW_NCK�3)�%Ŧëĝ"²�&�íĥĪ#3��&�0�ä4	#"

��ż 3̈.2#�_dEaÂ=>KF=l%ÆŧŤW_NCK%çĲ�XcW<>a:ħ�żŤW_

NCK&�ŹĤ%Ë�5Æ��62001Æ 2002Æ#èµ�:�5�1986Æt�#�	��Î�#±

�������
ņ47�ż 

�����74%²�:Ā06Ņ¥#���ľ½�6ż=>KF=l%ŤW_NCK#¼j

�6 ľ�476Ņ¥#&�µûMKQ%Ĝė�ŘŜ�āġ%3�%şĨ
Ó»�76ż���-��

Ĝė#�6PfL %úŖ:ł��0#���Ė#�6µûMKQ%m"ĜėČ ľ�476

ð=J=µŬ�ŉĉ�7�ĤÃ%Ĝė¤ß:Ő+�żLim and Chun (2006Ż&�GUnĒ��

\dGa�nĒ�3)l©�ðŢ% 8 eØ%ŉĉØź 3̈.3Ż�1993Æ�2004Æ%ëŧ#Ï47

�ĤÃ%Ĝė¤ß:® ���6żĤÃ%»Ľ ���Lim and Chun (2006Ż&�GTS SYNOP
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 bZfQ�»Ľ�7��6ûőFfRźŃ3.2Ż%���úŖĝ¿Ňö%MKQĜė>YdQ��

6FfR 7 : Blowing sandźtũ�BS  Ō�Ż�úŖĝµŇö%MKQĜė>YdQ��6F

fR 9��3)FfR 30 � 35 : Dust stormźtũ�DS  Ō�Ż#��Ŷ�źŃ3.3Ż��7

�7%Ĝė¤ß:ŭŋ��źŃ3.4�3.5� 3̈.4Żż���íĥĪ�&�_dEaÂ=>KF=l%

ÆŧŤW_NCK:�BS �3) DS %Ĝė¤ß �7�7úŖ��ź 3̈.5Żż�%ķò�ÆŧŤ

W_NCK  BS %ŧ#&êÔ"ĠŨ&ņ47"	��
ź 3̈.6Äƀ r = 0.42, P > 0.05, n = 

11Ż�ÆŧŤW_NCK  DS %ŧ#&êÔ"ĠŨ
ņ476� 
9	��ź 3̈.6�ƀr = 0.6

5, P < 0.05, n = 11Żż�%� &�ð=J=µŬ�Ĝė��35Ňö%µ��MKQĜė>Yd

Q
�_dEaÂ=>KF=l%ŤW_NCK#Ìű���6� :ħ¢���6ż 

ø#�ŘŜşĨ#�6PfL %úŖ:ł��0�ð=J=µŬ�Ĝė��MKQ%m"

ŘŜĶŕ%( ���6�âí�ŉĉ�7�ŹĤ%ŉĉ%+âß:Ő+�źŃ3.6Żżâí%ûőÇ

&��© 59 eØ%ŉĉØ�Ğň#36ŹĤŉĉ:ł���6żŹĤ%ŉĉ%+âß &��%â

#ńß%ŉĉØ�ŹĤĕő
ŉĉ�7�¯���+�%ŉĉØ%ß:A?dQ��1%��6ż�

�
���ŹĤ%ŉĉ%+âß&�âí�ŹĤĕő
Ħŏ�7�âß%r#�ŹĤĕő
�;�ı

§1�;�PfL��5�ŧÛĝ#MKQ%ŘŜź-�&ĜėŻ>YdQ%Ňö:�å���6 

ľ�476ż_dEaÂ=>KF=l%ÆŧŤW_NCK:�ŹĤ%ŉĉ%+âß úŖ��ķò�

2001Æ 2002Æ%ŤW_NCK
µ�	��çë2�1987Æ	4�	%,��ŤW_NCK
iã

����ëŧ"!�Ŷx����
ņ476� 
9	��ź 3̈.7ŻżkĿ%ĠŨ&�1981Æ�2

003Æ%�ëŧ#��� r = 0.66źP < 0.05, n = 22Ż�iś��ĜėČ%PfL%�61993Æ�
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2003Æ%ëŧ#��� r = 0.64źP < 0.05, n = 11Ż%�7�7êÔ"ĠŨ
ņ476� 
9

	��ź 3̈.8Żż�%� &�ð=J=µŬ�Ĝė��ĤÃ#3��âí#MKQ
ŷï���%

Í=_KA#�Š��āġ���6� :ħ¢���6ż 

ø#�āġşĨ#�6PfL %úŖ:ł��0�=_KA#�6ũüţ %Ũ~:Ő

+�żæ¹ź2é�5éŻ%ũüţ:Ő+�ż�7&�µû	4è1�Ĕĝ#MKQ:ū��«ŃŰ

#āġ��6%&�ũü#w�ċÒāġ��6 ľ�47��6�0��6źe.g. Osada et al., 2

011Żż_dEaÂÂŲýĂi�ł97�ĩů\SL`dD%ķò�_dEaÂ�ĩů
ė�� �

#�_dEaÂŚ�% Cordova #���Ê�ũü
ė����� 
® �7��6źKanamor

i et al., 2008ŻżCordova %æ¹ź2é�5éŻ%ũüţźe.g. Menne et al., 2012Ż:�_dE

aÂ=>KF=l%ÆŧŤW_NCK úŖ��ķò�kĿ%ŧ#êÔ"ĠŨ&ņ47"�� 


9	��ź 3̈.9, 3.10ŻżNishioka et al.ź2011Żr�&�ąü*%Ť%|ĸ%���ąăŒČ%

1%&Ċã2ć�#3��lÁ	4ŃÁ#ŞĹĝ#|ĸ�76%#¾��µûĚï%Ť&ģëŧ-

�&ĬĜĝ#|ĸ�761% Ó»�7�ż�	���%Ŋñ%ķò	4�_dEaÂ=>KF=

l%ŤW_NCKţ&�ð=J=µŬ�Ĝė�6MKQ%ţ:m#�å���6 ľ�47�ĕ«

�%ċÒāġ:É�Œ��ũüţ��"9�>bB]_f"ũü#36āġ#&}4"�� 
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sand. However, the area of blowing sand was moved to
northward in 2003 and 2004, so that high occurrence
areas of both wind velocity over 6.5 m s−1 and blowing
sand were consistent in a degree. In the northeast part of
China, it has been steadily occurred blowing sand with
occurrence over 8 times and 6.5 m s−1 wind over 100
times.

Wind velocity of 14 m s−1 mainly occurred between
40–50°N and 100–120°E, and occurrences more than
40 times recorded in 1993, 1995, and 2000–2002 (Fig.
7). In the Gobi region, wind velocity of 14 m s−1 more
than ten times has been steadily observed during the
entire period, however, there were narrow distributions
in 1997, 1999, and 2003. This tendency was applied to
the distributions of 14 m s−1 wind in the Inner
Mongolia. In the northeast part of China, 14 m s−1

wind rarely occurred during the entire period, so that it
can be known that there is no strong wind occurring in
this region. The distributions of strong wind of 14 m s−1

were in accordance with those of DSI or dust storm.
According to Wang et al. (2003), occurrence of
sandstorm is closely related to the strong wind.
However, driving force of strong wind causing the
occurrence of sandstorm is different in many regions
because of the differences of land surface character-
istics. Therefore, investigation on surface characteristics
such as vegetation having an important effect to the
occurrence of sandstorm is also required.

4.3. Climatic and vegetation features at several
meteorological stations

On the basis of occurrences of blowing sand and dust
storm observed in the source regions such as China,
Mongolia, and Inner Mongolia, and so forth, source
regions are divided into three (A, B, C) regions (Fig. 8).
Three regions are located in dry arid region (Gobi
region: 35–45°N, 100–110°E), semi-arid region (Inner
Mongolia: 40–45°N, 110–120°E), and cultivated region
(northeast part of China: 40–50°N, 120–125°E) where

the Korea peninsula has been mainly affected whenever
Asian dust occurred during the springtime from 1993 to
2004. Eight meteorological stations are also selected
(Table 2). Each station has evenly frequent occurrences
of blowing sand during 1993–2004. Eight meteorolog-
ical stations include one station in Mongolia and seven
stations in China, and five stations were selected in A
region where Asian dust frequently occurs and two
stations in C region where it has been affected to the
Korean peninsula since 2001. Another one station is
located in B region.

Tables 3 and 4 show occurrences of blowing sand
and dust storm respectively at eight meteorological
stations during the springtime from 1993 to 2004. In the
case of blowing sand, it tends to decrease recently at I
(Guaizihu) and II (Jartai) stations of A region. At I
(Guaizihu) station, occurrence of ten times in 2002
when the most severe Asian dust occurred was fewer

Table 2
Eight meteorological stations in China and Mongolia

Station no. Lat. (°N) Lon. (°E) Station name (nation)

I 52378 41.37 102.37 Guaizihu (China)
II 53502 39.78 105.75 Jartai (China)
III 44347 44.42 105.32 Tsogt-ovoo (Mongolia)
IV 53231 41.45 106.38 Hails (China)
V 53723 37.78 107.4 Yanchi (China)
VI 53276 42.4 112.9 Jurh (China)
VII 50844 46.40 123.42 Tailai (China)
VIII 54236 42.42 122.53 Zhangwu (China)

Table 3
Occurrence of blowing sand (code #7) at eight meteorological stations
during the springtime from 1993 to 2004

Year Meteorological stations

I II III IV V VI VII VIII

1993 46 74 39 13 36 19 5 18
1994 28 48 21 15 30 16 18 12
1995 34 68 7 26 48 19 5 11
1996 27 71 14 29 33 6 15 13
1997 20 41 14 9 15 2 8 21
1998 28 84 19 29 20 10 16 18
1999 17 47 24 10 19 1 8 8
2000 19 56 22 35 38 26 8 25
2001 29 75 5 41 39 32 22 48
2002 10 68 13 21 25 25 11 56
2003 21 43 110 26 23 2 24 38
2004 15 18 67 25 39 2 21 61

Table 4
Occurrence of dust storm (code #9, 30–35) at eight meteorological
stations during the springtime from 1993 to 2004

Year Meteorological stations

I II III IV V VI VII VIII

1993 10 2 61 13 26 12 0 0
1994 23 6 40 12 17 4 0 0
1995 13 0 42 3 16 14 0 0
1996 6 0 51 5 9 1 0 0
1997 5 0 34 5 0 1 0 0
1998 12 1 49 6 14 2 0 3
1999 5 0 42 1 4 3 0 0
2000 15 4 140 6 21 17 0 1
2001 29 5 154 20 9 23 1 0
2002 19 3 77 14 7 44 2 0
2003 23 – – 5 2 1 – 1
2004 10 4 27 6 3 3 – –

243J.-Y. Lim, Y. Chun / Global and Planetary Change 52 (2006) 231–247
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times.
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were in accordance with those of DSI or dust storm.
According to Wang et al. (2003), occurrence of
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such as vegetation having an important effect to the
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sand. However, the area of blowing sand was moved to
northward in 2003 and 2004, so that high occurrence
areas of both wind velocity over 6.5 m s−1 and blowing
sand were consistent in a degree. In the northeast part of
China, it has been steadily occurred blowing sand with
occurrence over 8 times and 6.5 m s−1 wind over 100
times.

Wind velocity of 14 m s−1 mainly occurred between
40–50°N and 100–120°E, and occurrences more than
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such as vegetation having an important effect to the
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30, 31, 32, and 98), and LDE is local dust event (present
weather codes: 07 and 08).

Asian dust usually occurs in the loess and sandy
regions with little vegetation. The only data to provide
annual and seasonal variation of vegetation over a broad
area is the normalized difference vegetation index
(NDVI) observed by the polar-orbiting meteorological
satellite (NOAA). An Advanced Very High Resolution
Radiometer (AVHRR) sensor mounted in the NOAA
satellite has five channels. Channel 1 (0.58–0.68 μm)
contains the wavelengths absorbed strongly by chloro-
phyll of leaves, and channel 2 (0.72–1.10 μm) repre-
sents the wavelengths reflecting strongly by sponge
mesophyll. Difference of reflection between these two
channels is mainly affected by vegetating condition. As
a result, normalized difference of reflection between
them, NDVI= (Ch 2−Ch 1) / (Ch 2+Ch 1), has a good
correlation with vegetation factors such as total biomass,
leaf area, therefore it is used as an important factor for
vegetation monitoring (Hall et al., 1995; Sellers et al.,
1995).

In this study, 10-day Pathfinder AVHRR for Land
(PAL) data with resolution of 8 km provided by NOAA/
NASA are used in order to investigate the vegetation
amount over source regions (Smith et al., 1997). The
PAL is preprocessed data applied the most precise
method for advancement in data utilization from
meteorological satellite and burden reduction of data
preprocessing. However, PAL includes some contami-
nated pixels by clouds over continuously frequent-
precipitating area such as East Asia. In addition, there
are some measurement problems of data missing due to
the lack of surface receiving stations over Mongolian
desert area and the upland ranges such as Tibet (Suh and
Suh, 2003b). To minimize these problems, NDVI
anomalies are calculated using the monthly PAL data
in East Asia from 1993 to 2000 as modified by Suh and

Suh (2003b). In addition, the temperature and precip-
itation in three regions are investigated using the
Climate Research Unit (CRU) (http://www.cru.uea.ac.
uk) data from England.

3. GTS SYNOP report

Present weathers related with dust phenomena in a
SYNOP reports are ww=06( ), 07( ), 08( ), 09( ),
30–35( , , , , , ), and 98( ) shown in Table
1 (WMO, 1974; Chun, 1997; Kurosaki and Mikami,
2003). “ww” is the symbolic letter identifying the
present weather.

Floating dust (code #6) refers to airborne dust
particles in the air, and it is observed when Asian dust
event occurs. Blowing sand (code #7) refers to the
phenomenon that dust particles are uplifted in the air
over China, Mongolia, and Northeastern part of China.
It can be estimated dust rise in the source regions. Dust
storm contains code #9 (dust storm during the preceding
hour) and codes #30–35 (slight, moderate and severe
dust storm, and increase or decrease trends of dust
storm). Dust storm occurred in the north where blowing
sand frequently occurs.

The Dust Storm Index is estimated to analyze the
intensity and occurrence of dust phenomena at the same
time. In order to calculate the DSI, more dust codes are
used in addition to the abovementioned nine dust codes.

Table 1
Meteorological codes associated with dust phenomena

Code Symbol Remarks

6 Widespread dust in suspension in the air, not raised
by wind at the time of observation

7 Dust or sand raised by wind at the tine of observation

8 Well-developed dust whirl(s) seen at the station
during the preceding hour, but no dust storm or sand
storm

9 Dust storm or sand storm within sight at the time of
observation, or at the station during the preceding
hour

30 Slight or moderate dust storm or sand storm has
decreased during the preceding hour

31 Slight or moderate dust storm or sand storm no
appreciable change during the preceding hour

32 Slight or moderate dust storm or sand storm has
increased during the preceding hour

33 Severe dust storm or sand storm has decreased during
the preceding hour

34 Severe dust storm or sand storm no appreciable
change during the preceding hour

35 Severe dust storm or sand storm has increased during
the preceding hour

98 Thunderstorm combined with dust storm or sand
storm at time of observation

Fig. 1. WMO synoptic observatories are shown as dot in analysis
region.
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3.2�15.1&mg/m2&

27.0&&mg/m2&(2001)!

St.!PAPA!

ESP!ocean!region!

�������
	#�80&m&

(Nishioka!et!al.,!2007)!

1.2&–&2.2&%&

7Ooki!et!al.,!20098!

!
�
�
)
�
"
�
%
�

!

����*�45312)./
�������,*��!

!
0.009�0.075&nM&

0.072�0.134&nM&(2001)!

�������)�-/��!
!

8.2�68&6&
65.5�121.8&%&(2001)!

&
0.11nM&(Nishioka!et!al.,!2007)!

�"�$&�+ &
�
#0(!'��&
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3 3.12 $&�%<�����'>hg"$ ��pd_:\q��� H���
aR��	 Dust storm VU2Cp[_:\q���

EG
aR��	nYaR�ECpK_:\qZ>7.r
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3 3.13 NOAA HYSPLIT MODEL ����!YS�9T��	-DPebIpo_(/�$&�%<)]qr
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3 3.14 NOAA HYSPLIT MODEL �����$#�&YS�9T��	-DPebIpo_(/�$&�%<)]qr
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Ġ 4 ğ 

Īâ!į° B 

– <>KF<i&ÂÞ&ŗ łüĆŁ!ŏU[OBK – 

 

4-1. <>KF<i&ÂÞ&ŗ łüĆŁ&Íè!�&ćÄ 

 <>KF<ėĞ$
���ŗ łüĆŁ&Íè!���7- j$Śô¢ÇA]I?Z>@

`
3(fþÇ�sÃĤ©�Č�47��ţľÔi&A]I?ZĬŎ�4ô¢Ç&A]I?ZŎ

:Ŗ��Śô¢ÇA]I?Z'��ë-�'�¥:łü!�6ĆŁ �¨íNKQ&jĸæËĆŁ

&c� �6ţ<>KF<i&Śô¢ÇA]I?Z'�Ş$3��ŗ �4·d�47�ŐĆĤ

©�¨íŅŇ�7�ïó$òĔ��1&:łü!�6ţ<>KF<i&Śô¢ÇA]I?Zÿ¼'�

�F<i&RQ\?Z>@`ÿ¼$èýôî&RQ\?Z>@`$±�6A]I?Z>@`&ª�

ì:k��1&:�A]I?Z>@`ÿ¼�4¶�¾��! ð0476Š½-1šţ 

 

nss-[Ca2+] = [Ca2+]total – [Na+]totalass-[Ca+] / ss-[Na+]     Š1š 

 

[`E]´<>KF<i&A]I?Z>@`ÿ¼
3(RQ\?Z>@`ÿ¼'�<>KF<:ö

� 50 � 100 mm ŒŘ �5���L[YOBR>U ��:�5ĳ!��ñã:Ŗ���¹ú

 ĵĻ���îG`V]$��1&: 0.45 µm &U=]Mb 8Ŋ��Á�>@`B_XQC[
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U=b:Č��û®�7�ţ�-5�ľÔ:ĵĻ���!$þ�ê��ŐĆĤ©'U=]Mb 

Ŗ��76ţ������ŐĆĤ©$�-7��6A]I?Z&���G`V]þõi$þ���

�¬Ë�'û®�76��fþÇĤ©!��þ�ê��A]I?Z'û®x$�-7#�ţ 

fþÇ�sÃĤ©'�ľÔ&ĵĻ�ĊÙ$þĻ��$ê���s&ÃĤ© �5�^bHb

SbP=B]A?`Mb ļû�76ĤÀŠ0.52 � 10 µmš&Ĥ©'�j$ŐĆčÞ&Ĥ©��

&¨�:�0�Śô¢ÇA]I?Z!�ç�ë-�'�¥:łü!�6ĆŁ �6ţ[`E]´<

>KF<i&fþÇ�sÃĤ©'��¬Ë�&û®!�ç�<>KF<:ö� 50 � 100 mm Œ

Ř �5���L[YOBR>U ��:�5ĳ!��ñã:Ŗ���¹ú ĵĻ���þõĈ&

G`V]$Ŀķ��1&:�^bHbSbP=B]A?`Mb:Č���vÓÿ¼!��û®�7

�ţ������ô¢&3�$ĵĻÙ$þõ$~$þ��6Ĥ©'å��7��fþÇ�sÃĤ

©!��þ�ê��1&�å��76ţ-��Ō�đ$þĻ�63�#Ĥ©'ŢĤÀ�²��#6

�ıÇ��6ţ 

�àŊĜ$
�6�74&ćÇ�4�û®�76Śô¢ÇA]I?Z
3(fþÇ�sÃĤ

©'�Å��1ŗ łüĆŁ&ĬŎ '#���74&¦�'¨í�4tī�76ŗłüĆŁ&¦

�:ĒÐÏ	��6!'ŕ4#�ţ#
�ÝėĞ û®�7��6ŏÿ¼'|$ņ*�3�$�ō

ø��Ċ$3��G`V]i&ŏ& 90 % od�å��76!į	47�ŏÿ¼&¦�'�-76

ŗ łü&ŏ&Ŏ&¦�$+,ġ��ţ����ŐĆĤ©&łü�ď#6#"ŐĆĤ©i&ŏ�Û

Ŏ�¦���¡�'�û®�76ŏÿ¼�¦��6�0�ŏÿ¼&¦��ŗ łüĆŁ&ĬŎ&¦

� '#�¡�1ċ�6ţ 
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4-2. Śô¢ÇA]I?ZU[OBK 

�4.1$[`E]´<>KF<i&Śô¢ÇA]I?ZŠnss-Ca2+š&»ŒU[OBK&¦�

:Ě�ţ�7:�F<i&ŏ&»ŒU[OBK!&Œ$ÛÈ#ēœ'.47#���Š�4.2šţ19

80»n'hİ$ŝp&z��Ĺ476��1990»n 'Śô¢ÇA]I?ZU[OBK&.�¤�

��2001»oŔ 'Śô¢ÇA]I?ZU[OBK&.�ù³�6�!�9���ţhİ'��7

1ŗ łüĆŁ&Íè!��Č�47��6���74&Ùĥ�¦�$ŋ��Ĺ476ĸ�!���

ŠŤšŚô¢ÇA]I?ZU[OBK�¤��6ÜŒ!ù³�6ÜŒ �<>KF<i$�-76

NKQ&ŐĆĨË-�'łü�¦����ŠťšŏU[OBK'ōø��Ċ$3��+,~Ŏ�å

��7��6&$±��Śô¢ÇA]I?ZU[OBK'îG`V]$þ���Ë�&.:å��

��6�!$36ŋ��ĉ7��6��ıÇ�į	476ţŠŤš&�ıÇ$���'�Ġ3ğ į

°��3�$[`E]´<>KF<i&ŏU[OBK�~ÜŒ:ň��j$ß<J<¨ŗ Đċ�

�NKQčÞ&1& �6!į	476�!�4��&ŐĆĨË2Đċü�¨�¦����!'

į	$��ţ�����Šťš&�ıÇ:įÊ�6¡��Śô¢ÇA]I?Z&þ�ŊĜ$Ú1¿

ś:g	6!į	476&'��ª�6ōÇĆŁ$36îG`V]& pH &¦� �6ţ�4.3$�

[`E]´<>KF<i&Śô¢Çęō>@`Šnss-SO42-š
3(Ęō>@`ŠNO3-š:�9��

ŠoŔ�ōÇĆŁ!Ľ�š»ŒU[OBK:�Śô¢ÇA]I?Z>@`&»ŒU[OBK!ìń

��Ùĥ�V_U;>]:Ě�ţ�� �ōÇĆŁ&U[OBK'��-76îħ>@`&Íè!

��į	6�0$�Śô¢Çęō>@`'Ęō>@`$±�� 2 w!���Ģ���ōÇĆŁ&»
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ŒU[OBK'�Śô¢ÇA]I?Z>@`&»ŒU[OBK&ĩ»¦�!3�cĲ�6z�:Ě

��ţŚô¢ÇA]I?Z>@`&»ŒU[OBK$±�6ōÇĆŁ&ēœuÓ'�r = 0.88 (p <

 0.01, n = 23) ��� (�4.4)ţ������<>KF<i$35şÿ¼ ōÇĆŁ��ª�6!�

G`V]þõi& pH �re��ĂōA]I?Z�35§�þ���Ĺ��d�û®�76Śô¢

ÇA]I?Z>@`ÿ¼&dÕ�ł�6�ıÇ�Ě��76ţ�#9��|ņ��3�$<>KF

<i&Śô¢ÇA]I?Z>@`'ÂÞ�ŗ łüĆŁ&Íè!į	47����[`E]´<

>KF<$
�6Śô¢ÇA]I?Z&»ŒU[OBK&¦�'��ª�6ōÇĆŁ�4tī�7

6îħ>@`&»ŒU[OBK&¦�:�×��1& �6!į	476ţ����ïÜ�ŒïÜG

>B]&3�#őÜ&ÙŒKDb]$
��'�<>KF<i&Śô¢A]I?Z>@`ÿ¼'10

wod&¶:Ì�¦�:Ě���ª�6ōÇĆŁ$36¿ś:įÊ��!1ŗ łüĆŁ&Íè!

��į	6�!� 6ţ-���ª�6ōÇĆŁ$36 pH &re'�ľÔ�Ċ2�àŊĜ$


��&.ł�6!'ŕ4#�ţß<J<¨ŗ Đċ��NKQ�ŅŇ�76ř�äáĀā2�Ėą

Ô&ąĄ$3��Ò��7�ōÇĆŁ�¨íi ŐĆĤ©!�Æ��ŅŇi$ŐĆĤ©i&A]I

?Z��þÇ)&¦É�ŉĶ�6�ıÇ1į	476ţod&�!�4�măłüĆŁ�÷}�6

¡�2�»��Ó�»ĺé&ÙŒKDb]$
���<>KF<i&ŗ łüĆŁ&Íè!��Ś

ô¢A]I?Z>@`:Č�6ř$'��ª�6ōÇĆŁ&¿ś$ĎÈ�6Åĸ��6� 

 

4-3. fþÇ�sÃĤ©ÿ¼
3(ĤÀ�  ̧

 �4.5$�Yasunari et al.Š2007š$3��û®�7�[`E]´<>KF<i&fþÇ�
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sÃĤ©&sĝÿ¼&Ùĥ�V_U;>]:Ě�ţfþÇ�sÃĤ©&sĝÿ¼&Ùĥ�¦�:ŏ

ÿ¼&Ùĥ�¦�!ìń�6!��7�7&TbB&qĭ
3(Îº'3�cĲ�6�!�9��

�ţ-��fþÇ�sÃĤ©&sĝÿ¼$
�6»�&ĤÀ�¸:Ĺ6!���7&» 1ĤÀ 2.

82 � 4 µm :ŀŒ$²ĤÀy!¨ĤÀy$�7�7´:Ì�lµÇ:Ě��!�9���Š�4.

6 � �4.8šţ-����7&» 1²ĤÀy&´351¨ĤÀy&´�¨��!�9���ţ

ĤÀ�¸&ŀŒ&ĤÀ 2.82 � 4 µm :£$²Ĥ©!¨Ĥ©$l����7�7&sĝÿ¼&Ùĥ

�¦�:Ĺ6!�²Ĥ©'Ø«$ş�#6Öĕ#«ģ¦�:Ì��ÿ¼Ħ 10000 � 100000 µm3/

mL  Ñě���6�!�9���Š�4.9šţ¨Ĥ©'�²Ĥ©�çØ«$ş�#6Öĕ#«ģ¦

�:Ì��ÿ¼Ħ 100000 µm3/mL �Á Ñě���6�!�9���Š�4.10šţ�� �²Ĥ

©$±�6¨Ĥ©&��: Coarse dust indexŠoŔ�CDI !Ľ�š!��®Į���&ĩ»¦�

:�4.11$Ě�ţCDI !ŏÿ¼&Ùĥ�¦�:ìń�6!�ŏÿ¼&TbB�Ĺ476ö¼$



/% CDI &TbB1Ĺ476�!�9���ţod&�!�4�<>KF<i&fþÇ�sÃĤ

©&sĝÿ¼'�²Ĥ©$ì*¨Ĥ©�{q �5�ŏ:�/<>KF<i&ŐĆĤ©čÞ&�¬

Ë�&ÿ¼'�¨Ĥ©&¯g��Ń���6!į	476ţ-��2001»22002»&3�$ŏÿ¼

&ŜĴ#TbB�Ĺ476ö¼ '�CDI 1ŜĴ#TbB:Ě�ţ�&�!�4�ß<J<¨ŗ 

35ĺé&¨#NKQĐċ>W`Q�Đċ�6!�35§�&¨Ĥ©�[`E]´$ŅŇ�76

�!�Ě��76ţ
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� 4.1 ��
���������#"���	&! ��'��� %��������&$ ��'�����(
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& 4.2 ����/����� �2LK������2LO9)6�����������<MS
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& 4.3 ����/����� �2LK�����QHF-DR�2LO9)6���������QNF-DR 
�	�2LO9)6=J�����QCF-DR�B2*%S
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& 4.4 ����/����� �2LO9)6����������2LO9)6=J�������<MS
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& 4.5 ����/����� �K;3���
��QHF-DR��:6'!5A,!?;3QGF-DR 

�	��� 5 ���>$1(QPF-DRS
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& 4.6 ��������� ��:6'!5A,�!?7@�2#A4"0Q19922�19952RS 

EI�!?Qµm3/mLR�8I�A4QµmRS
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& 4.7 ��������� ��:6'!5A,�!?7@�2#A4"0Q19962�19992RS 

EI�!?Qµm3/mLR�8I�A4QµmRS
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& 4.8 ��������� ��:6'!5A,�!?7@�2#A4"0Q20002�20032RS 

EI�!?Qµm3/mLR�8I�A4QµmRS
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& 4.9 �:6'!5A,�.A,�!?;3QNF-DR�	��� 5 ���>$1(QPF-DRS
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& 4.10 �:6'!5A,�+A,�!?;3QNF-DR�	��� 5 ���>$1(QPF-DRS
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& 4.11 ����/����� �K;3���
��QHF-DR�+A,������QNF-DR 

�	��� 5 ���>$1(QPF-DRS
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ƀ 5 ſ� ,!/ 

 

msHoð<>MI<~&ǉśā9Ŗà��1981ÿǥ2003ÿǢ1991ÿ'ǒ�ǣ&Ƃ 23 ÿ

�&ǉśābq`;>o�č36�Ǥ¹<>MI<~&ǉśābq`;>o'ņÿįÛ$Ǡśā9

Ŵ��Ǥ,��Ĺ<L<ÓǓ
2(ĭĵ ��6�6ÓƜł#Űø
2(ǡŰŠƨ�ƞŖ�6�20

01ÿ�2002ÿ&įÛ$Ĳ0ǜƒ#_uE�ƛ36�Ǥč36�ǉśā�3�ÿǍ&ǉ`mTEM9

ƛż0��ǤÿǍ&ǉ`mTEM&Ð¨!�Ĺ<L<ÓǓ$
�5Űø&ŪŤÁĪ
2(ĭĵ$


�5ǡŰ&ƞŖ&*ĭĪ!&Ǎ$ĳė#Ůǎ�-36�ǤÿǍ&ǉ`mTEM&Ð¨'�ŠÇ&ǐ

ŉǆ$'�3#��!�8���Ǥƛż036�ǉ`mTEM�3�őŎƖï&őŉ~ŘÙǉśā

)&Ĉǚ9ĥà��ǤĹ<L<ÓǓ9×ŝ!��ŐƮƉƟĺ&ƆĻ�ǡŰ&Ć�4ÿ ���2000

ÿ$&-ǉ`mTEM�����ƚÂ'�ƴƷƅƯ&Ƽ�$25µƏĕ�Ŵ�6�ǤČĸ&ǓÈƬ

ŗŞƫ&ġŁ �5�¹I<~&ǘőÌĕBoK?h>As`mTEM!zŘĕÃ�ĐƁØśā9�

�6�6ǉ`mTEM!ŇƱ��ǤǘőÌĕBoK?h>As`mTEM'1990ÿ�$Î¤��20

00ÿ�$œë����Ǥ�&�»'ǉ`mTEM$'ƛ36#���Ǥ�� �¹<>MI<~&

Ųǃ
2(ųǃ&ÿǍ`mTEM9���0&9�ǘőÌĕBoK?h>As`mTEM!ŇƱ�

�Ǥ�&ƆĻ�}ƍ&Ǎ$'Ǡ�Ůǎ��5�!�8���Ǥ�63&�!�3�<>MI<~&

ǘőÌĕBoK?h>As'�ÓňRMX&ŋůǆ240.�7Jsbo~$�Ù�5ǃĕŞƫ&

śā9²Į��0& �5µƏĕ�Ǡ�Ǥ,��0�v�&ǓÈƬŗŞƫ �5zŘĕÃ�ĐƁØ
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&�żśā
2(ǉśā�6�6&ÿ�Ð§9ŇƱ��ƆĻ�

.%¹Ŀ&bq`;>o9Ġ�

�!�8���ǤzŘĕÃ�ĐƁØ&�żśā&ÿņ&ƁĊ�ü'���6&ÿ 0ƁĊ 2.82 � 

4 µm 9ƧǍ$�õĕ9Ŵ���,��ƁĊ 2.82 � 4 µm 24ê��ƁØ$ŇƱ��Ó�ƁØ

��� �4�ǉ9¼.<>MI<~&ǊŞƁØŧĸ&¨ÜĜ�&śā'�ÓƁØ&ä{�«ƭ�

��5!ƌ	365Ǥ�x&ƆĻ�3�<>MI<~&ǉśā'�Óňŧĸ&ǉ`mTEM9ď�

 5+��Ĭ�#ǓÈƬŗŞƫ&ġŁ!Ģ	5�!�µƏ �5Ǥ 
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ƦƵ 

ĵűŽ9Ɣ�$��4�`=uoYruE1<>MI<�ĺ�WuQƟĺ#"�Òñ$8�

��ǋÿ&Ǎ�!$¯���!$����ġé9����,�źŤŏ 0��0¦,��ƛ

Ý4����Ĳċ, ēĦ�������ŬÊŚ�¥ĩ$�đ24Œ�ęƦŨ�x�,�Ǥ 

<>MI<Ĥ¡&�/&2006ÿqK<tBhSjUBªö>SsMDuŊŌ)&ƽĉ '�

ŬÊŚ�¥ĩ�ūóÚƔ�ĩģ9'�/��ǔâ&ð÷ÀŹ�:��ŕŻÜűŽĞğƕǂǢĆİǣ

&ĬÉǁÔ�:�NPOō�©őƻðôŏ§JeuX&ŀ³¾Ť�:ǢŠ ÄžľÇűŽĞǣ�ǕŊÐ

§tŢƤǕŊFoubǢĆİǣ&ĝ�ŦŅ�Ƴ��Ɠă�Ƴ$'ÓÐ
|ơ$#4,��Ǥ,��

qK<ŻÜ<BWgutŜðÇǗűŽĞ&kqMmathm^@`¢Ğǋ�NoH>t?KjI`

�:�<pDJsRutAaKj[I`�:�<pDJsRutf[@^TS�:�QS<ZtL

Wpu]�:�qK<ŻÜ<BWgutÇŢÜűŽĞ&MQ[MmatEUP`�:����Hs

ZLut[Im>^TS�:$ÓÐ
|ơ$#4,��Ǥ¹��<>MI<Ĥ¡&�/&2008ÿ<

inBt<mMBúAuqm_uEŊŌ)&ƽĉ '�ŬÊŚ�¥ĩ�ūóÚƔ�ĩģ9'�/�

ŊŌtŊĀFoub&Ķðě�ĩģ�ŸŦŅ¬�:�º´íÓÜǢĆİǣ&òĵŷØ�:�<mM

BÓÜ&BuotStcsOs¬Ï�RstOunu¬Ï$ÓÐ
|ơ$#4,��ǤũÄ&Ç �

$Ťŏ9���������!9đ�3Ƣ4$Ĕ�,�Ǥ 

,���ŕŻÜűŽĞ &űŽŤŏ9Ƹ���ţAduUEƞŖűŽNsQu&wæ¶Ôĩ

ģ�ƙòƃ�ĩģ�űŽħĦĥƹ¿&ŔƿƊǞ�:�x®ƗŃ�:ǢĆİǣ�ǏǂŷØ�:ǢĆİǣ�

gBtfGm�:ǢĆİǣ�kF\KltmCr�:ǢĆİǣ���ž�:�řǀŭ��:$ÓÐ
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|ơ$#4,��Ǥ,��¹ğƕƘ�¿&ķðĘØ�:�ù³Ė��ƳǢŠ JAMSTECǣ�ÞĜ

Àþ�ƳǢŠ ©őƻÓÜûÜǂǣ�ń����ƳǢŠ åÇÆĴűŽĞǣ�ƙķÓƲ�:ǢŠ ĽĄ

�ŶûÜňƨűŽĞǣ�ÓáÀ�:ǢŠ åÇÆĴűŽĞǣ�ýÊĂ¬�:ǢŠ Ĺ�ÓÜÓňőŎ

űŽĞǣ����èǟ��%�:ǢŠ ƈ·ÇšţÍÜűŽĞǣ$'�±�!����Ƴ!����

��ċƳ!�����0ēĦ�ħ	�����������	&#�İǍ9�$ƺ����!$�

đ�3ęƦŨ�x�,�Ǥ 

,��ǖŻÜ�ǅ&Ɠ¸ĂĒºƣĩģ$'�ƥƋ�V[M����ìƎŏ§9Ƹ���!�
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