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300m �I� ka�B���I��mInBoI���A ¡ ���£¢�¤���w
21 ¥A¦ ^_§©¨=ªt«­¬%®+c¯�_°|±²�³v­Z�[A\A]�kW\���^��Uw 300m

�I� k?´Aµ=«t¶U���­mInBo%��·U¸�¹�oIº%�p»?¼A½�c²��eAº_�+°­kamAnBo%�A·=¸¹toBº|�/¾B¿��³vth�À�v%uUc/�A�A� �I� k­ÁBÂ_�Ã�?w/ZB[A\B]IÄBÅ%^B��ÆB]�Ç
\A]IÈ

(Kimura and Kuwagata, 1993)
�­µ4�ÊÉËct°A�©�AÌU�³vU°WkWÈIÍ�^Î�©�

v=wÊ\�]�Ï©Ð_k©]AÑ%���ÓÒ�Ô|ÕÊÉ+vWÖ=×?�%Ø�× E ��Ù%^­Ú�Û�ÕÜÉÎ�Wm�nAoI�Uw¯ÝÞ ^%¹|c��/\B]UßBà EAá �/âBã��Iw²\I]QÏIä?º_^�� 100m
kt´Aµ=«t¶IsIm%nBo

��·U¸�¹aoIº%��å4�ÜÉ2±Wc­°I�©��æÃÕçÉ����
è­édêëé�ì

: í+î©ïBðAñ+î�ò?óAôIõ+î�öWõ�÷aôIõIøQî�ùIúIûIü

1. ý�þ©ÿ��
��� �Qw

1999 � 10 � `���� 2000 � 11 � ^=w
	���
�ZA[A\A]_k�	���
���� HAJAK�� {��³¨��=Ï^a`Qu�v F ZI[B\B]�^�`�b�cleUk�����«��|�¯�I^�½ÃcW����^ F� ßW~B��«�!Q���t��"Be  ß?~I�k$#&%_�('*)_^asUu�vI� F,+ ß|� (2000a,, b,, 2001)
^.-_�����ÜÉÎ�U�ë`0/ �21+cë�

°Wk D�3 k�4�)%¹5#6%­�Qw7�%^tmInAo_k­qAr�^�80#©�©¹��Ã�?wf~A�AÁAÂ|�²�I� �A� k�9;:����?wZA[B\A]�^a`_b|cle=k<���_«a�A�A½Ãc�°A�W��1Qc²�
2.
�A�Qw¯e�kB»?¼�= ¡ ^a`_b|cl\B]=Ï�k ; o

>*? ��@pk4iBA�C�«��|�¯�I^t½�c�#6%���!.D�É|�Uw²xIyAz|{l}U~B�IÁBÂ�«_ßBàt^Qw  ß?~I��EU×^�!.D�É|�IÌ³É,FBÐpka~I�BÁAÂ���G&H�I��©¹A���aw²eIgIh�= ¡ kaZI[B\A]_^t`�bdc ; o���@pkJ�
K ^tspu�vQw;D��_���p°I�W«2-_�<�+c¯�

3.
���+w¯ZI[�LA�A��Mt}2NU«JOpu�v+��/P	I��¹aÈIÍ�QBm

nAo�R�Spka�I� �B� «�!=u=w(�%^+w/e_«TG��Ã�£½Im%nBopkaÒBÔ�U_^as=uAv��B�����aÁBÂ�«�1*D�V
v D�3 �AwëxBy�z|{ }|¹ � �JW � É��?~B�AÁIÂ��XH�Id��vJY�ZA½Ãc²�

2. í�[�\�]�^�_.��`�a�b�cBñ�d�e*f�g.hJi*j
xByAz|{f}=~B�_�+w²ZI[B\I]QßBà E ^21+c6	��<
k�<� HBJBK�� {��W¨��+Ït^Bv�!.D©É|����~I�
¥ Þ ��l�mÎ�%�³vUw 1999 � ^A� 18 ¥ �Ã�on*p 6

-����
9 ¥ -a�Uw 2000 � ^I� 15 ¥ �Ã�on*p 6

-
���

9 ¥ -�� 3 ¥ ×�qU��^*!�D�É|�A��~B����r�s=kÎ�­u�il«�t.u�v*!�D�É����|w 1999 � ^%� 10
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13-14 Nov. 2000

(a) T (b) θ

(c) θe (d) q

Fig. 1 2000 � 11 � 13-14
i k­xAyAzÎ{ }=~A�����
W �ÜÉÎ� F (a)

o � T , (b) ��� θ, (c)
��� �

� θe, (d)
H � q(g/g)

k >�? w���k ¥ ×�A*C%���	����
��
� � (m)
������� ¥ Þ (JST)

�<�I¾ �*�
95%
FB�pk­�I�_«����_��1��&D+�©v%u+cë�

�	� «��|À³v������t{W^�� /��2u�v��³zQ{ }Îk­�	 %� F"!$#&% {'�AÈ ��� x�«JO�u­v�(�)|�©�a�}=¡ k�*�+��XH�Id�©v2�|�f�I^�,.-l¨d�'/.D³É c0*�+�«5#21�^|�W��v�3U»p� F	4�5 �W�t�zÎ{ }Îk6� � � F87�~ =_«a]���� 1.5m
�%�³v F Ì/É�F
9�k�*�+%�d�;:Am { Å�<�k>=�«�?*O��©v

@ [BA�Cd���t�J�I¾ �*� � F'D�E � (2000)
^�æd�©��x���=_«JOpu�v F>F�GIHKJ�L ¨�MONë{­«Q���z�{l}�k |�~ � ��~���� �/o { �Ã�
x�����v�P��B����mBnIo { �RQBS mBnIo { � H � � �
� �6�¹ � GTP.� F �I�%^�O=u����ao { x�k>U
Vt¹ �6W6XZY$[�\^]	_BW>`�a�b$ced DBEOf (2000) [6gehikjml gnh0oqp j>r&s
t ]Zu�W�vBw�xqymz�{�|�}�~6[�\�]�_�ced0�B� f (2000, 2001), ��dT������q� ]�o�6�B� l cqd 1999 ��� 2000 �^� i�� �����n��� {B|6}�~����e]	_ed8�6���B��[�����hTu6����B� W��B �¡B¢�£B¤^WI¥§¦�¨�[�\�]�_�©��>ªqh8o�u�«���� t � ¥mW­¬¯®$d'°B± ����²�³n´ ( µ.¶ ,

2001)
l�· \	¸�W�p']0z ³�¹ «�º f �
� ¥ l g�h�d 2000 � 11 » 13-14 ¥¼W>{	|�}	~$� Fig. 1 [�½¾ o�¿BÀ�ÁBÂ�Ã�y ¹Z³ l WIÄKÅB{�|�d�Æ�Ç
È · f W�É�Ê�Ë�Ì�ÍBÎ�ÏBÐ6[�p�hT{�| ( Ñ�Ç f , 2001) dÒ$ÓKÔeÕ ³�Ö$³ [�p�h×{6| ( ØBÙ f , 2001) d&�BÚ�[�����hTÛB`�ÜBÝ�{6| ( ÞO¶ f , 2001)

��ß ��àá ¾ h���d¯��������â�ãZä l c
å>W.¥'d 22 æ6å�ç · féènê l u�«����qd'geh&]�c�ë�ì t c � ª^d 0

æ�íB© l [����Bî�ï���ð
]Zu�«�ñò¬¼[�óeô�_B]eh'o	î�õ�d 2000 � 11 » 14-15 ¥ (Fig. 2) [�c�Úö [�÷B«$g j d0ø$ù�ú�ûB«�ü r dmu6c���� t � · ô � (µý¶ , 2001) oeåZWO¥;W ²�³�´ [�\�]�_nþTÿ� ����ùed×u�W>�B��W�����[�\
]�_���	 ¾ h8o
©�
 2.1, 2.2

l cnd 2000 � 11 » 13-14 ¥;W�{B|�}�~$[
����]	_ed×u�W��6� t ��²�³q´ [�î��� [�� f � h����$�
d;u�W������ � d�� � ������`����! �_�ÿ � ¾ hTo��B[ed 2.3
l c
d;u�W����t � · ô � 2000 � 11 » 14-15 ¥¯W ²�³n´ [�\�]�_ed×u�W���� t �6²Z³q´ �8`��ý�� � « f ÿ �¾ h8o
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14-15 Nov. 2000

(a) T (b) θ

(c) θe (d) q

Fig. 2 Fig. 1 ��� � o ��� t d 2000 � 11 » 14-15 ¥;W ²&³q´ o

2.1 �����	��

���������������
��Ü�W>¡�¢�£	¤ (Fig. 1d) [�\^]�_�ÿ � ¾ hTo�]�
 � W ²"³e´ [�\�]	_�þ�d 15 æ · f 21 æ�[ ·
�6_���� · f �BÜ�«�� � t _�]
h"o
�6Ü^W�� �6«	û f � h���c��6Ú · f � 200-300m ["!�ô�_��j d$#"%'&6[��$��h0u�W)(����'`"* t _$]
h×o��Bå>ç�« 21 æ · f 0 æ�[ · �6_
d ��Ü�+�,�-B«�û
f � h�pq¬ [ � h8o
�BÜ�+),'-$ced���� · f c � ©�ô�_$]nh	p�¬¼[���ù h8o �'+�}�~ �BÜ�+�. ³/ ced×� �"0'1 l c 18 æ�í�[nd8��Ú 50-300m

0'1 l c 21 æ�í�[ � h×o2�3  �+��
�$ced 2"3  $�)465�[�7�8 �  "9B«	Ê�ä · f ë�ì t � å��&[qp	h	þ:+
�8ÿ�ù f � h×o
å)+�;^[�\e]6_6c�d 3.

l p j=<It�r � 	 ¾ hZo^© � d��)� · f + 2>3  >,>-^c�d×�$ ?+�ø>@
(Fig. 1a) [�Aò¬CB�D��	Ü�+E,�-B[qp"ô�_�d 2"3  �«�F	} t _���  · f$G · � _B]eh�þE+��8ÿ6ù f� h8o� � d¯Ñ	Ç f (2001) [np�hZÆ�Ç�È:H�IB[��$� h 2�3  �J
ÆZÝ�K�L	|"M6[qp�h���d 18 æ�N�ç · f¾ l [�O��6[ s � h 2�3  "J�+�,"-6«�� f � h×o>�QP�+�¦"R$ced¯Þ.¶ f (2001) [qp�hT����S�ÆZÝ

15m, 60m [��$��h¯Ü�Ý�{�| d¯��T (2001) [qp&ô�_)U�V�� �q� ���XWEY";$[��6��hm��Ú�Ü�Ý�{
|�+�}6~$[qþ0û f � h8o ¾ � s ®�d'� ��0'1 [�����h 2�3  Z. ³ / ced[H�I]\R�B��S�[�^ s f 

18 æ�í�[�û f � h×oeå � cnd×� � I$[ 1 ]�H"I�[�����h`_�a���dcb'd"���� 6W�[�����h`_"a���+e [�c
df� � Æ&Ý l g�ô>_eþ`g
]�«�geh�å��Z��½ t _�]ehToEH�I 0"1 + ö  BcedhH�IX�
��ëB[qp'ô
_��B�'S�+��� ���i�j ¾ h	þ�+
�8ÿ�ù f � d�å�+)g^]���ÿ � ¾ h	åB�Zc�k�l l gnh8o�m � +)n�Yl gqh×o
Û6oQp�q θe +�¡�¢�£�¤ (Fig. 1c) ��r�sOh×o�u������ � [�\^]	_	c�Û�oQp�qB«����&\��
�^d 21

æ�í�[Bc�c^ô�t j � t � j'��£B¤$«�u'j ¾ h8o�Û6oEp'q�+>� ��c��E�X+�õB«���t�]�o� 'p�+>���
[�A
]QB�D��BÜB«","- t d 0 æ�å�ç�© l [�u�+�����[�ó.h×ov ��w"x"�6c
d 18 æ	í�[�ced 150m y ß +�(�� l � � t _B]eh (Fig. 1a) o 21 æ�[�c)z$[)(�û��
� t d¯��Ú 400m y ß +�{X|�W�c'y�}�w�x"� � � ô�_�]ehTo�åE+^å>ç · f d¯� � · f 100m ~�y ß
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Table 1 ��z��?+���� ���
CASE � �

Control CASE ��� �
NoSea CASE 	�� ¶�
�[�¦�ù
d�	�
B«�� å f � ]^p�¬2[ t �

NoLHin CASE �B�ZW l +�� � · f +��6Ì���� � t (
�"� t d'� � Ì�����y´ c���� � ] )

NoLHout CASE �B�6Ê l +�� � · f +��6Ì���� � t (
�"� t d'� � Ì�����y´ c���� � ] )

+ e l c�w�x�c�üe©�ô�_�t	_�� j d i�� + v �'w�x'����� � h � �����
 Ih8o �'+ � u�+��'j�[
ó�h'[�\ � d[w"x'�$c�u"�?W�[��^]�_���� ¾ h8o
2.2 �����	��

������� ��!
uX+���� ���"+��� B¡�¢B£B¤$ced'u�+�Ú'I�[�����h ~
]�ø'@���d8Ü�"$#�Ì'j���[ p�ô�_�� ���
� f � h�þ�+�� � h (Fig. 1a, c) o�u�+�Ú�I�[�����h¯ø�@���� � [�A ¬ B'DB ��eâ�[�����hT¡�¢% á «qdBå�+np ¬ � �B �¡B¢B£�¤�+�i�j�[�\ � «�ô�_6]
h	�"ÿ�ù f � h8o	u�+��B��� ��d'u'�6W
+� �p d'ÛXo�p"q�c�î'M�+�& á l � � t(' ��_$]
h'o� � dmu���+E(����Bd 21 æ�í���. ³ / [ t _���� t � 2�3  �)�++*�]��n�'« p r `�* t _6]^h×o¾ � s ®^d 21 æ�í�© l [���� t � 2�3  �)�+�*^]��6[	`"* t _�uB«���� t _$]
h8o
2.3 ��,����	�:��-/.
u$«>ye�Q8'8 ß ��� t � · ô � ¥`+�î�0�� t _ed 2000 � 11 » 14-15 ¥ +eþ�+ (Fig. 2) ��1 j

Ú�2.h8o�u�3B���ò¥"��4�ô�_nþ�� ��c�P ê l gqh×oqå�+�5�cnd8u�3��B�ò¥ +�î�� � ������	 � h
å����IÄ � � t � þ:+ l c � ]�o
åE+ý¥éced;ø$ù�ú�û�«�ü^] (Fig. 2a) å	� · f B�D6[�6 ¾ h�å�� � r d;uBc��	� t � · ô � o t·qt d 21 æ�í�© l +�¦�R$[�c87�+�u����ò¥8�:9 i ô � ���$«8;�< l tnh×o
�BÜ (Fig. 2d) cnd 21 æ�íB© l �E� 150m

r f ]�+){X| l ��� t _6]eh'o t'· t d �BÜ�+)#��= «	� ��0"1 l þ 18 æ	í l c � r 21 æ	í>[ � h ��ß déu��	�k¥'�"c�>�? � g�]�«BgehTo � � déÑ
Ç f (2001) [qp�h	å�+I¥h+$ÆZÇeÈQH�I�+ 2�3  �J�{�|�}�~�[qp6h��Bd 18 æ�í�[���s^_ 21 æBí�+
õB« 2'3  'J6«"O � � [�Æ�]�o�uB���ò¥ (2000 � 11 » 13-14 ¥ ) p j þ�d"�'I 0'1 + 2'3  �)�c@ � _)#B� = �
��ô�_6]�h8o
Û6o:p"q (Fig. 2c) c
dBA�c j 21 æ	í�[DC>�B_'�E� · f ,"- t _B]^h P�EB«�� f � hTo t'·nt d
��+ � c'y
�:8 ß ¦�¨ t � ]�©�©/F�G$�8H$ù � o 15 æBí · f F�G�[�ó�h>© l dTÛ?oQp'q6c�O'�$[s � ô�_'y
�E8 ß î�P l g6ô � onå)+); l d�å�+I¥ +��� B¡B¢�£B¤�c>t s ª�_�� � � l gqh8o��
Ü (Fig. 2d) �$p"q�gqh"]�c� "p (Fig. 2a, b) c�I�
 t þ×î"P l � ]�[nþ ·�·Bs f 
qdKJ�L�+>¦
RB«�p r Û�M t g$ô�_�î"P � Û?oQp'q�+� "����� · ��Ú�N�O t _$]
h8o
3. P�Q�R�S��+T�U�V�W
3.1 T�U�V�W���X�Y
�B�B���[Z�����h¯u�+��B�[Z�` ¾ h(\���]�^�+�_�`��[acb · Z ¾ed � ª�Zgf�h = ��z[�e��� i� \B��]�^ò¥2¦B¨�+�h = ������jeô ��k �DZlf'u�+>��jDZ�m�n �8o &���~ � ¾'2�3  X+�����p[Zq Ä ¾ed k
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(a)

(b)

(c)

(d)

Fig. 3 ��zD��������� � � z∗ = 20m �"++
�� /	� �6+ 2�
 K�L�� k (a)15 æ[f (b)19 æ[f (c)23

æ[f (d)3 æ�+ = k

h = ������Z�
$f Ohashi and Kida (2002) Z��8ô����Z������������������h �"!#��$�%�&�i�� k'#( !��)$�
�*,+,- . (�/,0 %214365�78�"9,:	�;���=<�>@? '�( !"�A$�
�B,C D,E6%"FAG�H�IKJL�M '#(�N,O,P�Q >SR�T=UAV�>W?X7ZYX7Z[ U\J MW],^`_;a I6b	>dc�e,f g,h (�i,j a k�l)m [6no 5#[	JW[=<�?)p�� '�( !"qA$ krM +,s k�t�u v G M + / wyx{z�w [ | a IAb	>dc�e f x{}~( +/,w���� ���,� D E t F)G�H�I�� M"�#�,� ( 143 a�� 78�=<~>�?6p�� MW�,�)�,�����Z� Y\J (��}�x���}A��� �8��� %������,� i�j ���K>@� � a Kondo and Watanabe (1992)
( ���A���r�8�@�

!#q6$~%" �¡=¢=G,H�<r>W?
c £ ��¤ � $=¥ 40km

( ����¦ +=%=§�¨=5�7@� M�_ª© z�«,¬�­~®Zz6(�¯�° %�F ± M³² ´ 160km
M

µ�¶
320km

( ��� a�· <"� i�j 7Z�"?¹¸)º a�kA»�¼ +�½�¾ 1km ¿ �@À�Á £�Â ��% M�¼ +�Ã & a k»�¼ +�½�¾ 1988 Ä 100m ¿ �WÀ Á �A%�&)<"��?¹Å Æ)Ç8È _³É�k 11 Ê 1
_

8
É H VË� Md�)� [�Ì�ÍÎ�Ï,Ð8Ñ~Ò ��ÓËÔ �)Õ8Ö $~%#!�q=$=��� ¯�× a"Ø6Ù �,<~>Ú? z�w Î � k"Û�Ü (1998) %�Ý Þ a 7Z�ß È 20◦C

aAà¹á 78��?
3.2 â ã ä å6æ�ç èé ( c�e,f�ê6%Aë�JSY a Q > ' 5#%K1S3 a�M i 4 ì�í ( run %�î�ï�� (Table 1) ?�� � ¦ +6Hð � Q > é6k ¦,+ ñ,ò ( c £ ��¤ � $6¥ 40km ó8ô ) % Q ï¹õ`��öø÷ùE a�l ú,û [ � ¤ � $�%"ü~ï
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(a) (b)

x

Fig. 4 (a)Kimura and Kuwagata (1993) H i j���� � M�� ( £�+���� w §
	 (
N��

) 5 M ¦�+��
� w §�	 (
 � ) H ( !"q=$A+������ ( É��
��� ? (b)

�#� � H ( !"qA$ i j a IAb�> � ( £,+��
� w §�	 ( � � ) 5 M ¦,+���� w §�	 ( 
 � ) H ( !�qA$=+������ ( É��
��� ?
�,<�>SU M '�� a���� ÷���b ( c�e�f�êX5 7�� M z 5 ��! ( 2

· U�Þ Ù J � >4?�"�#�¦�+ ( ¶ ´ ÐÑ µ ´ ô%$ k�&�' 3�Ç�b �#I � M)( (�* a kK_ª© z Ð�Ñ ¬�­�®8z U,+�- Q >W?�.6ï#� MA_ § z � a
�Zï�� z � (�/10 [�c�e f,U2"�# ¦ + ®43 5 5�6 � ��� >�7�8�9 t Vr>W? ( ' H M control run

a
:AÙ � M z�; 5@¦,+ ®�<)( ��! (�=�> %,?�@ Q >�A,� ( 3

· ( 
�B6% :6Ù A�?=[�I M ��! (�=�>
%�?�@ Q >)
�B6H krM },C\�,D,� U ��� 7Z[=<��X÷ a2EGF %2H	7Z�=<�>@? 'I� k�M ��!AYËJ (��}�J�K %ML�N a
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