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������� i\g�z��! � ���"��s��(i
���$#�%&� �-� j��
�*�%����'
(
)�* n,+,- 1 .0/1�2- 5 .�x3��i3�4�5�
�ai g*z�60i47�8:9	;�u1�9���

2.2 < = > = ? @ A @ B = C DE@ F
�(i
�����	��i\g�u5-!p�����G%z,����
	�!� P f

i v N � N �-�1u9��H s N x�IKJ��,LM v�t��%�$N��1���1t9j�v�O,P�u9�!�H�RQ�t�u EnKF u9v�sR60�TSK�VU�iXW	Y-s�Z0[\H s
60�TSK�VU^]&_R�a`�w-z�60�TSK�VU^]�b�c3/���z�d!� �$���%zVSe�Vf^]1g�h!iLn s#t�zVS
�5f�] �,j��-�X
����!�#�X�$�9���{�0��S1��fV]/y ( 6&��S1��UV]4_"�k`Lw�y ) � m g
�%�&g s!
����#��� P v�6"�kS1��U,]�W�Y δx ��j��/�Ns

P = E(δx(δx)T )

=
1

m− 1

m∑

k=1

δxk(δxk)T

=
1

m− 1
δXδXT (2.6)

zRlRmk)$�-�\n����a��t/t�u0s E( o ) v�p�N�q!r!GL� ��nOs,sXt�u-�wv�v�p�N�G\��p!N�Se�
f,]�z�b!c��$x\y����kn^+%o0zNuNs,z	{ k v,|�6"��S���U,]�_"�T`%w�z^}�~ ���1�0� δX

v,|���x�|�6"�kS1��U,]�W�YLz,�	�&n^+ N � m ����u1�9���
t�zVSK�Vf^]X���%zV�&����)5Z#���	�	���H�������R���,;�SK�Vf^]")Rl*�$p	N!G%z��!�
)�v��	I�i�S1��fV]-y�x*l���g$i����%ta��v(s	S"%"�	��u 6 z4v�x��!�^�	�X���������
���9����)/v�sX/�i1H z���y{z^�-�1x�l!��g�i9�Nz�g2�!�&�	)/v!����t
gWu!�!�H���R���
;XS��5f,]�)0lN��
����	�#��)� R¡!�$�!�����Lv�s5S���fV]�y m zVb�¢	£�),¤�¥!¦�s�Z
[\H 1

√

m
),¥�¦9���H��
	�!���-�%v N2 z�IKJ�n���§4¨�s N ∼ (107) g�i9��y	G!©	ª!«�¬­�® ] �������&g s t0z3�0�X�V;XS1��f,]�)0l��$�#��x����Xi,¯�°�gHv,±"��i-�
²�³�mb�

t�tau EnKF u�j���� �%��6"��S���U,]�W�Y{v5´Xµ��,¶	·���¸�¡	+%o0zNu1�wH se�"�X�
;�SK�Vf^]!u9v!i/�{t
g�)�¹!º1���H�k»0¼(s,½-y�u��"�e� ���
l0mki^I	ª%z,����L{v,¾À¿Á u9�!�H��Â�»&�!iV����L{v�s�´�µ&�!iVÃKÄ�wXÅ�Æ�ÇÀÈÉ]")�Ê�m�Ë sa�-y&Ì	)0Í�´�µ&�!iÎ�Ï x��9�Xi\ÐOs	»�Ñ&��i\¿VÒ��{v^Ó���)^Ô��*��t���v�s P z!ÕVÖ�G{z�×4g�ØKÐav,Ó��
),�1n(�	/ 0 )�)VÙ�ÚÛË��� ÛH s"���XÇ�xX��n��\t0g(�$º�ÜN�%��� EnKF u�v0s�´!µ��
)�º&Ü-z-�!�����	Ý�Þ���ß��&�	)�àáHk�"Ë s�Ó	�&)�â�ã"i�SK�Vf^]L�"g��1t
gWu�s$ä"i/�
S���fV]�y�u5»
j���i,�#�	��� ��»	Â��{��zNu1�9����t0z"l"m$)�Ë�� EnKF z�6"��S��
U,]�W�Y{v�s��!��å�æ�Ì1�$Ý�ç1�%��� t�tau*s3S���f,]�y ( 6"�kS1��U,]�_0�k`%w�y ) m

g P z,�#�	�	�{zèÈ,é�wëêíì&�(x1�9��tRg�)^¹�º��{���
'
î(s46"�kS���UV]�)0lN�$
����	�#��xX�	�	�á�ïç�Hñð0Z�g!Ë��Xò�ó ��ô�õ1���
�!�	
����Lz^«	¬�¢	ö�. ( 2.2 ) ) ( 2.6 ) �$÷	øÀË��*s

δXf
i (δXf

i )T = MδXa
i−1(δX

a
i−1)

T MT (2.7)

6



g$i1����t���v�s
δXf

i = MδXa
i−1 (2.8)

g��,G1u9�!�H��t��1v�s360�TSK�VU^]XW	Y ����Ì����en�r%�!f	���	Å����ÀË��#�1�H�H�
i� ¨as ( 2.8 ) v0��� δX z,|����!6"�kS��5U,]�W�Y	��Ç È ]Àg�h�i�Ë^+�6"��S���U,]�«
¬�gk�	�1�	

g���
&JN�H��
��0l0m�)^����
	�!����«�¬	¢�ö!.����!60�TSK�VU^]X«�¬�)Rl
Hñ»	Â1nH�%���� )!��]3�4��#�%�� ����)�Z9�/���������
�5]3�\��#�%����,. ( 1.5 ) ) ( 2.6 ) �$÷	ø��%�&g��

Ki = δXf
i (δY f

i )T (δY f
i (δY f

i )T + (m− 1)Ri)
−1 (2.9)


�
�
����!~
δY f

i = HiδX
f
i (2.10)

g!Ë^+��!|�6"�kS1��U,]�_0�k`����������4�! "��6��kS���U,]!W�Y �$|���gW�%� p � m

���#
��9���3(V."�	�5]3�4��#
%��*�$xey0�$� �	� ¢	ö�. ( 1.3 ) �XN/�%
�J/���
��&�)����!�	
����"� �	� ¢	ö�. ( 1.4 ) ���������'
���f��(��Å���� � �
6"�kS���U
]�_0�k`��1�!)áH��(�"f��(��Å3)��4�0�{���*
���[(
#�Vò�ó�g$�(+�)�� ( 1.4 ) ) ( 2.6 )

�$÷	ø��%���
δXa

i (δXa
i )T = (I −KiHi)δX

f
i (δXf

i )T (2.11)

�V]��&��#	%��,�,�0�\� �-�-�N��Í-�.
��$. � δXa
i )VZ��N� � �/�.��0�1�
���i��(�2
��+�õ��4325	�(6��&)�i!���(�$u3Z7��¢!°���8��O�-���9�a��9�Z7�:��W�Y2�.�!° ( Perturbed

Observation Method : PO ° ) 
9��H;�
Q(�#<(�	��60�TSK�VU^]&_R�a`=�	)��wË/��>!ðÀË
+ ��� «�¬�SR%3Ç�]L�k 
j�Ë/�
Ì:?&�	) ( 2.11 ) �4@�+���l0m�)(���H��ÍRm�9�Z�����b!¢
£4�	��]BA ( Square Root Filter : SRF ) g��!�*�%��¢�°#
$� ( 2.11 ) �$C�?���) � �-�$��	� 6��kS���U,]!W�Y �!D ����'3î(��E�),ò	óÀË��!�À� �

2.2.1 FHG*IKJ (PO) L
PO °	
���� ( 2.9 ) �!��]
���$#�%&����j1���M�!|�60�TSK�VU^]&_R�a`=�9�4>!ð�) ® �
A5��N��%���

x
a(k)
i = x

f(k)
i + Ki(y

o
i −Hix

f(k)
i ) (2.12)


��0)"l�HOD�� �{� �	� 6"��S���U,]�W�Y����
δx

a(k)
i ≈ δx

f(k)
i −KiHiδx

f(k)
i (2.13)


1�9���
(V.1l�H;�

P a
i = δXa

i (δXa
i )T = (I −KiHi)P

f
i (I −KiHi)

T (2.14)
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��D���� 
a�=� ��� ¢�ö�. ( 1.4 ) g:�$9 � Ë,i��N�3Q�
�
�� ( 2.12 ) .4)� 9�-�2�$���
yo

i )����	���&²	¡.�-�4�aZ&J��V���wË�+��R���,;VW	Y εo ���"�1�H� εo �:���	��� �����
Ë^+�Í(��
$� E(εo(εo)T ) = R �!@&+*�\l"m$)	��ç��%�����%�&g�� �	� ¢	ö�. ( 2.12 ) �

x
a(k)
i = x

f(k)
i + Ki(y

o
i + εo −Hix

f(k)
i ) (2.15)

g$iwH � 
��{��j����&g��	�!��
����"� ��� ¢	ö�. ( 1.4 ) g 9 � �%�Rl"m$)!i1���#�3i� ¨!� ( 2.15 ) � ��� ��|�60�TSK�VU^]&_R�a`=�	)5Z#���V Rj#���#

g�
$�è¿ Á g ( 1.4 )

. �4@�+��	�$
9�!�H� PO °	
���� ��� ���#�(���	�����H�-� ��¤�
-���
l0m�):�2���&)
W�Y �$���(�.��� ® �#A-�!6"��S���U,].N��%��6��%���9���

2.2.2 ��
�� ������� (SRF)

SRF 
	��6��kS���U,]	b!c����1Ía�R/��!Ë�������g�Ë��$� �	� ¢	ö�. ( 1.3 ) ��6"�kS
��U,]	b!c�)^�ÀË��	�!h � � �
Z"[eH;� ( 1.3 ) .��:� x �*���!� x̄ 
���J �������'
��
��� PO °	�5|�_R�a`=�	)5Z#���3Q(��<(� ��� ¢�ö�. � � �*�#�	+.��g ���"�$
#�!�a�aW
Y�ç������XW	Y�ç���²	¡!��àáHk�"Ë�� ( 2.11 ) )Rl&H ��� ���H�! �"��	).��� ��� 60�TS
��U,]!W�Y ��«	¬\6"�kS���UV]�W�Y��$#&%(' M 
*),+.-0/

δXa
i = δXf

i T (2.16)


�
�
�� T �1#(% Ï&2�354 i.- m 6 m 7(8=
.9ÀH;�;:�<�S=<5U�]�>@?@7(8Ûg�Í1A�B!C
-	/�«�¬D:E<GFH<1I^]!J	YLK�M�N;:E<GFH<1I0O!J&P�Q&:.RTS1U��WVYX.-�S&Z$[&\.
@9@-	
] 3=4 � ( 2.16 ) �@S@Z�[(\^K�:�<_F`<�I$O ab:;R$S*U	��V ]!c0d`e / ( 2.16 ) K ( 2.11

) Q0f&gih�jlk
δXfTT T (δXf)T = (I −KH)δXf(δXf)T (2.17)

K�mD-	/Ln�C�K T Q*o d j*Mqp0n ]Gr k T K�mD-	/Dn$s T K�tLu	j ( 2.16 ) s	J&P�v�w
s0#�%�>�?�Kyx&7�X^-zn ]Gr k*J&P�v�w�s0M�NLKyx�{zX^-	/ UUT = I

]�| - U }*~qp��� X;-�s r k T s0�L���D�l��� r � | pbk U s��;�@�(s����	�E}E9z-1/����@�(�(� c0�� hyj*k��W� | M��z}�� 4 C&j d -	/0��x@� r � 2 9@-�M���s@� 3`4 k1���;:E<GFH<1I0O
>&?, lOz¡L<*¢@£	OL¤�Ky¥z¦�X�-0/

§(¨,©�ª$«,ª*¬�­&®�¯,°*­z±Eª�²E³�­.´
(LETKF)

n�n r �0���;:E<GFH<1I0O!>�?� �O�¡D<�¢&£�OD¤ ( Local Ensemble Transform Kalman

Filter, LETKF) s�:�O�µ�¶¸·(¹,KTº@».X�-0/ LETKF �z¼H¶y½.¾^<`¿bÀ(Á r(�*Â`Ã CEÄÅ � r(Æ(ÇTÈEc(]*c@] Ott et al. (2002;2004) QzÉ Ç ���,Ê.Ë¸F�Ë$I	OÌaÍ 1O(¡;Ë1¢!£¸O;¤
( Local Ensemble Kalman Filter,LEKF) Q	ÎHK�ÏzX Ç$È ¼�¶_½�¾EË`¿ÐÀ&Á;s Brian HuntÑ�Ò Q.É,Ó LEKF Q ETKF s(ÊEËGFHË1I0OÔaÕÊERTS�U�½WVÐ�LK_¥�¦�k�Ö |�Ç ��������K
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x&{ih$Ä È LETKF �$k��������,s$�&����	�

���DQ����DQ�� d k KF s$M(N�
�� e�È n
s&Ä���k����(���LQ�� d j�� Óbk�n��(}*À � |"!�#.rzÆ�Ç$È x%$lk Miyoshi and Yamane

(2007) �'&�(*),+.-0/y½.¤�Q LETKF 
�¥z¦=h k�����1���2 99.99 3 ]�d`e54�d ����1

76(v5h	Ä È�8 Ä0k�������	�1�X Ç n ] Q.É,Ó 2.3 9;Q�:<; Ç�=�>�? w�@&����1�s	��A.}Æ�Ç0È,B,C k LETKF s@Ê$O�µD¶ ·&¹zQ!o d j":0; Ç0ÈD NDÊ^ËFE`Ë"G$O aÐÊ�R0SlUz½�V ( 2.17 ) s'H�ILQ� lOz¡LË�J�KDË ( 1.5 ) ,

? w�@����
( 2.6 ) 
�f&g�h�jML�N.X Ç,] k

(I−KiHi)δX
f
i (δXf

i )T = δXf
i (m−1)[(m−1)I+(HiδX

f
i )T (Ri)

−1HiδX
f
i ]−1(δXf

i )T (2.18)


�m Ç$È ( 2.17 ) sPO�I ]RQ ; Ç,] k
TT T = (m− 1)[(m− 1)I + (HiδX

f
i )T (Ri)

−1HiδX
f
i ]−1 (2.19)]�|zÇ$È<SPT�U w D

(m− 1)I + (HiδX
f
i )T (Ri)

−1HiδX
f
i = UDUT (2.20)r�SPT�U0VXW�|zÇ
Y�Z ��� D [�� SPT.\^] V O V_W�|zÇa`�b ��� U 
�c�d.X Ç0È ( 2.20

) eDsPO�ID�0x Y�f ���,� VXW k D [�� U �0x���� r.Æ�Ç0È n��^
�t u$j ( 2.19 ) 
 D
p ] k

T =
√

m− 1UD−1/2UT (2.21)


�m Ç$È n1s�g�N�L�h;�$k ( 2.16 ) ÉDÓji�kLÊ^ËFE`Ë"G$O�l@P VXW D N;Ê^ËmE=ËPG$Oal(Pn s
o�p*
Fq%r Ç	È D N;ÊEËmEHËPG0Oal&P V Wts � c<W � Ç P a
i Q.É,Óbkz �O�¡DË�J�K,Ë�

Ki = δXf
i UD−1UT (HiδX

f
i )T (Ri)

−1 (2.22)]tu � Ç	È nv�w
�tDu�j.ÊEËmEHËPG0O�x�y,s D N*
v� e�È"B�z s(ÊEËmEHËPG'{�x�y ] l�|
s D�} ��~�e�
 ÆM��� jlk LETKF s D�} ��~�e

xa
i =

¯
xf

i + Ki(y
o
i −

¯
Hix

f
i ) + δXa

i

=
¯
xf

i + δXf
i [UD−1UT (HiδX

f
i )T (Ri)

−1(yo
i −

¯
Hix

f
i ) +

√
m− 1UD−1/2UT ](2.23)


�m Ç$È n&n r k xi �����.}EÊ�Ë7E`Ë"G�{D¼EËm��½�� Y�� X Ç N � m ��� rzÆ�Ç0È

2.3
� � � � �

ÊEËmEHËPG'{ai�k,s�� c � c s����,
 � r Ç�] k���c��w� r � | pbk������w� | i�k�

q%r Ç n ]Gr�Æ@Ç	È o 8 Óbk"��� U ��� =�> }�� 8 � Ç n ] 
v��c5h k���s =�> }���sEÉe �M���0Ï���X ÇPV 
Fi�kzX Ç	È �!��k( "{�¡DË�¢�£F{D¤0}���� ] X Ç s��0k =�> sa���
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Ï�� ] D�} s��&Z1[&\ r�Æ Óbk�ÊEËmEHËPG'{ai�k.}Dnv�w
�� e�È���� ����� B�C s	� Ó rÆ�Ç0È
Ê^Ë7E`Ë"GP{�i�k �EÉDÓbk�
<�.���&�ih0Ä =�> s�
�kE}*m W �!k^n��(} =�> s��,�$Ï��
������X Ç 
�k�
�qwr Ç0È n��^
	��e������ h0Ä&s!}�� 2.1

rzÆzÇ0È

� 2.1: Ê^Ë7E=Ë"G�{�i�k^}��.�Gs�
0�.� ��� Ä�i�k =�> s1w��*
vqwr Ç n��P
����� �!
{#"$�$%�� z s���e&� È(' �����.�() ti [���*�Îw�+) ti+1 �M�.� Ç-,/. � V_W h	0+1$2

��ih¸k�3������ W s =�> s�4.} Ó ( �&�(w��65	7Ds�8 U g ) 
���� È ���.�() r s =�>
s�4z}iÓ ( 9���g ) � Y h k(*�Î%��) r � =�> s�4z}iÓ }�À��;p;:�xw� | u	j�0 Ç	È ( 9�x
g ) <�x�g,���DÊ^ËFE`Ë"G�{;¼^Ëm��½&s��<�$Ï��,s�=$>�
��?� È

�+) ti
VXW

ti+1 �a�<�$Ï���� Ç $*k����.�+) ti s D�} =�> ( 9���g ) 
 � � h$Ä@Ê^Ë
EHËPG'{,¼.Ë �^½l}*k�i�k.��) ti+1 ����0�j"i�k =�> s0w$� ( 9�x�g ) 
Fq%r Ç	È !�½z¤@ 1��a��0�jlkA�z� L�1?� Ç i�k =�> s�
�k�
 � � � Ç �6B,
-��e����	�ih	Ä(sl}�� 2.2rzÆ�Ç$È

O;s�CD0 ' ��E�F�!E½E¤�
-GIHKJ�HML,�M�^��i�k U 
	GIH-N�0 Ç1È �M�&OM��L =�> L
4.} Ó ( ���(w��65�76L�8 U g ) �P3(Q(� Ã ��NP0 Ç0È E�F =�> L�4.} ÓG��E�F�� SPT L. LRQ+SPT.��q%r W �$N��iÓUJ�<�x�g�Q+� Ã �$N�0 Ç	È 3 V�WaL&w�� (3DVAR)

| � =�>
La���0Ï��*
 � � H | 01����Q���J =�> L�4z}iÓ¸��X&�%� | x�y?Q"q%r W � Ç	È ( 9���g )

����J EnKF QE��J;Ê,ËFE=ËMGP{�i�kML+Y�A V_W =�> �,�$LZ� !�T L1w���
�� Ç�[ ��}
w V�\ N��iÓUJ [ �w
-9�x�g�Q+��H]N�0 Ç	È !�½z¤ @ 1&L D ��J,�"�?O"�M^�0 ' Q+��H	Ä
�m�iÓ_Q Æ@Ç	È�` �a� . E$F�!�½z¤ V W � @ ��bMW 0�c<�$N�0 Ç }�J]d |�Ç�e �^��"gf6H
N�0 Ç	È EnKF L D ��J0�#LM��� !�T L =�> L�4z}iÓv
 � � H]N�0 Ç ��Q(J 3DVAR É,Óh �.Ä . L��ji0r Ç0È
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� 2.2: 3 VPW�L���� (3DVAR) � EnKF L��D0%
��?�� �!�{#"$��%�� z L���e&� È C&0'�� J�O � E�F?!���	 (OBS) J�H � i�k U (FCST) 
-�aH�N�� Ó J�3 � ���gO��?L =�>
L�4�
 Ó ( �
���P�M5�7ML�8 U g ) 
	��� È EPF�!���	 L =�>�� <
�,g�Q � Ã �PNP0 Ç$È
i�k U L =�> ���P0#N � J 3DVAR Q � X��w�Px�y ( 9���g ) 
���0 W ����
 J EnKF Q� ��� L�1������ ( 9���g )

2.4
� �  ! " #

$�% ����7 m �'&�(*)
��+ P L�,
-*.*/ �10�2 �1354�6 L�587:9�;�����<*�:=
98>�?@ ��ACBED
FG��H_J $�%JI ��K m
��L � 100 M*/G
�N
O�HPD
FG�RQ�
�S�TU� P QWV�XY/

H�Z\[ 1012 M*/ ��] -_^8`��EacbedWfg`�9ih
j�[ m
��k
l 9�Oi-_^8`
[�TG�GfmHn
�o�a

����fiQ�fmH � d EnKF Q�p %nqr%Es�tRu
v 
�w�x:=�y*zCBP{�|U[E}*~*&�(CB\������Z\[
TG�GfmHiBED
F�[W�Jd��r� @
��� 9 @ ��������d 100

$�%JI ��M*/G���
����� t Q EnKF

B\�
�m����H�d P Q�,
-:9U�G|�� qr%E�C�E%U�E��� �
9�S:��d��m�G	��i� q��G�8t ��� +
Z�d KF Q � + (filter divergence) B� ��\¡¢fY�E�
KF Q � +�Qi£�¤ � fY`�¥Ra¦�§� � @ T��
�*� t &*(m¨�dG�*� t Q k�©*ª
« � ��� 9 @
���CfY`¢bP¬� ��P¡¢f8� covariance underestimation ­Ed KF Q � +�Q�®�¯�¤�QU°�±��G;
���² N
Q�S�³P98d EnKF BU´�Q�µ�µ\¶�������H�·�¸R-�H @ �Y� EnKF BY¸R-���^g¹���º�»�d²m¼ Qi½�¾�¬�¿*¯1H @GÀ�Á
1. &�(�)�Â*+�Ã
Ä�� (covariance localization)

2. &�(�)�Â*+�Å�Æ (covariance inflation)²m¼ 9id:´U`�ÇU`�QU¸�-
�*½�¾W9�±�T�[�È�j À�Á
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2.4.1 ���������	��
��
Ã*Ä*��­�d $�%JI
� K�·��:9�S À qr%E�C�E%U�E����� B����m� À Q�¬��8=U�m; À�Á °��
9E&
(����*­�� �1H�H��U9�!c^C� @�À º
»Ud���`�º�"�Q�#�Q�&
(�)mÂ
+�$ ��%
t ­�! ^
� @mÀ�Á °�&*d qr%E�C�E%U�E����� ­�d qr%E��t K:Q('�9�S�)8[+*Wµ À Q��Ud-,YQ.�����
�\°�/ HPD
F_b�` À�Á Z�º�¬0)8[Ud�1 �2�G`Gº."G�Ud3$ �.%�t 954m� À ����� Q5687G¬��
�W� @�À�Á Ã�Ä
�:­.��`�º�"���!r^�� @GÀ S�³ @�9 '3�YK_B�&�(
)
Â*+W9Ua�| À fGHP�Ud
1 �2�G`Gº."�Qi&�(*)
Â�+CB�:+;�=
95!_^��e� À �8<�=8> �m; À�Á fg`�9�S:��d.1 �2�G`
º�"���?8@�= @ q %��_��%��U���(� B A %�� ��� ÀiÁ
Z\aCZ§dCBm`�95DCEm� À )
Â�+�¬UÃ*Ä*�:9�S À qr%E�r�E%U������� ��� H 0�2 � 354:6
Q �87:9 @mÀ fmH895F�GG� À�Á ±�µC��d�Ã*Ä*��B�: �e� À�H ,�d�Bm`�95DCEm� À )
Â�+�¬
D�I_^8` @ � @ )�[CZEµ�³ Á qr%E�C�E%U�E����� ­�d qr%E��t K:Q �YK��m;c��d qr%E��t
K�¬+!_^iT H ,�d�$ �.%�t BKJ¢Z\[CZEµ�³ES�³ @ ����� ¬+LCM¢Z\[WZEµUTEd\Ã*Ä*�:9�S:����(� B+����� À ¿*¯�¬+NPO À�Á qc%U�it K (

$�%nIQ� K ) ¬U� �ET H , q %��_��%��U���� ¬+!_^iT�Q��Ud�Ã*Ä*��B.R¦�e� À fmHn¬*�:�Pd5Bm`�95DCE¢Z�º.S*Â�B�S:�UT��2V �XWY fGH\¬
��� À�Á

2.4.2 ���������PZ\[
&�(*)
Â�+
ÅGÆm­�d���� t Qi·8]�^ « ¨ k
©�ª*« 98¡�¤WZ\[�¡ f À covariance underes-

timation _�Q.4C`CaG�m; À�Á Covariance underestimation 9�S:��dE}*~�&�(�¬�b !8c�d_^
` À H�d KF ­�}*~CBKeCf¢ZP�hg�[�i8j�k*~CBml
Â:9nV �XWCµ @ � @mÀ�Á fiQ*º�»id�:+;
=�9�}�~�&�(
)�Â
+_BYÅ�Æ�^�¹�d��c�W��� ÀiÁ
&�(
)�Â
+�Å�ÆGQ.o�a¦H�Zg[�d Whitaker et al.(2007) 9�S�� 3 p �nQ�&8a�¬��Cqmh(rc^
`�[�T À�Á °�±�­id0s�tW9�p
u q u sit vw>�� 2�x 3e9 1 S�� �c� @ K_BKyPO À multi-

plicative inflation HKz�¥�` À o a��G; ÀiÁ }
~Cp
u q u sEt�u�v δx
f(k)
i B ²m¼ Q�S�³89{ �}|:F À�Á

δx
f(k)
i ← (1 + ∆)δx

f(k)
i (4.24)

f
f8�Rd ∆ ­�!r^ @�~ K��G; À�Á fY`�9�S���d�}
~��C�8��ÂC� P f
i ­ (1 + ∆)2 � 9��c�

� @�ÀiÁ ∆ Q��8� @�� ­CV5����­ @ ��d �Q� ��� u � � À ¿�¯�¬�; ÀiÁ f8`�µU��Q�� �
�m­�d(]�^ @ ��� t ¶���Q5�87�­ 0.02 � 0.05 M*/*dU¶���QR��� t Bn�GT�º5�87�­ 0.1 �
0.3 M
/:Q � ¬(��Trbn`�[�T À�Á� ±-��Q�& a:­id��8�Wp
u q u sit 9id.� �:=�9���A Ziº��8� �(�C��Â��rBK����� À �
u�A�� u
v BK�¢Z�f Y &CaG�Ud additive inflation Hmz�¥U` À�Á��C� =
9�­�d�� �3� �i� �<�= > 9�S���� bn`�º��8�WpQu q u sit�u�v δx

a(k)
i B ²m¼ Q�S�³Y9 { �}|�F À�Á

δx
a(k)
i ← δx

a(k)
i + η (4.25)
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f
f8�Rd u�v��:� 0 t η ­id
〈ηηT 〉 = α

v
A (4.26)

B � ºR��S�³ @ � u�A�� q u �it �G; À�Á A ­�� ��=�9���A Z�º��8� ���8�
Â8���G;c��d
α ­ u
v Q��r�*^�BK*�» À���� �*-�K��m; À�Á }*~ �(�C�
Â���� @ ��d��C�8�(�C�
Â���9
�¢Z�f Y Q*­�d�fiQ�S�³ @ � u�A�� u
v acb��
	r�Gb�` À �*Â�����­.t�
 @ q u ��� u ������ ¬��m`�W Y º�»id8}*~ ��ACBg� ³�fmHn�Ud � u�A�� u
v �Ew�x:=�y*zCBiaG| À º�»
��� À�Á Whitaker et al.(2007) Q.��q�h�r���S À H�d additive inflation ¬�� �J��T « ?�B� F À�Á º
�:Z§d��¢Z�f Y u
v Q��r�*^�­�dnb8�:Q.�8�macb ��A�Z�º5�
Â��:Q��r�*^U´�Q
�EQR¬��C�1H8­ @ b���d α Q��Q� �(� u � ¬R¿*¯���� ÀiÁ� ±-��Q�&8a:­id relaxation to prior H z�¥�` À o�a���d�}
~�p
u q u sit�u�v H �8�
p u q u s�tRu
v BKLC7m� À�Á ±�µC� d�� �3� �i� �8<�=8> ��S:�U�¦b�`Gº.�C��p u q usit�u�v

δx
a(k)
i B ²G¼ Q�S�³�� { �}|�F ÀiÁ

δx
a(k)
i ← α

v
δx

f(k)
i + (1− α)

v
δx

a(k)
i (4.27)

α ­.LC7�Q5687�BK*�» À�� K���� À�Á }*~Wp u q u s�tRu
v ­.�C��p u q u s�tRu*v S:�
�c�ETmº*»Ed ( 2.27 ) Q�L87���S�� d*Å�Æ�����¬�� À�Á δx

f(k)
i ­�S
� ZY[��Uº������ ���

���c��dGp u q u s�tRu
v Q�S�³ @ �iQWHPD
F_b�` À acbed�w�x! �y*z��#"h)Eº�ÅGÆ+a H
T
F ÀiÁ
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3

EnKF ­�d�i8jG� �3� � u
v B � F @ T EnSRF �Wfg`�µE��������� ���:� À $ >�� �
�	��
G� À�H ,YQEh�r! L T�����
G�E¶���Q5i8j�BU���m� À fmH��5S���Z\[*T À�Á ´�Q��
� T159/L48 Q.����
�B���±
��� t ��Ã*Ä�p u q u s�t	� |�� t�� u���� t � ( LETKF

) �m�3� Z�º����
Miyoshi and Yamane (2007)

Local Ensemble Transform Kalman Filtering with an AGCM at a T159/L48 Resolution

�! �"�� À�Á

3.1
# $ % & '

LETKF ����T�[ , µ �8]8^)(���� t ��i3j+*0#,�E° � d�i j�- #,� 5 . 5 . 4 grid

point /�0 � 1 i8jC"10�2�354 u76-u�8:9�65;�<�=8Ã*Ä�> >�?�� 9 ( Ã*Ä�@�A+B >�?�� 9 )��CEDGFIHGJ50K�Q�  L0�2�M�N0� (OSSE1 (Pefect model Observing System Simulation

Experiment with a regular obseving network)) �!OQPSRT �K= OSSE1 BVU��+WYX�4 u�6 u�8V9Z6I;E<[07\Z]�>I^ ?G_ 9`�	a � 2b=�NIc,BKdeEfIg =�d e�h�i ��j�kl2!3�mEn h�i (RMSE) �po�q5F+H�N5r (OSSE2 (Perfect model

Observing System Simulation Experiment with a real observing network)) �!OQPSRs�t+u =pNGc�Bpd eZv _Zw �xjEky2zm�n h�i =b{�| h�i (RMSE) �xo�q�F,HxN�r ( Real

Observations ) �!OQP}R

3.2 ~ � � �
3.2.1 OSSEs

OSSE1 0 OSSE2 (OSSEs) B��E�)4,�b6y�K8�9I�G�7� _���� >G�K� u��+���G� B��G����E� ���VWyX����l2z=�����W u�� ��� Mp��� � B:������  u�¡�¢ 2pM:£¥¤����I45�76`�8:9��� Y0¦F,HpR�d eZv _Zw uK§E� 3 � d e�¨�©�ª u5«�¬®­�¯`°�± M:²�£ u�³K´ FGHZµ�B07F�H�R+¶�M�=�·E¸�¹Eº5»	¼)�E� _5wV��½ m�nG^�¾`¿�À �KÁEÂ F+H:R
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3.2.2 OSSE1

2004 � 5
�

1 � 0600 UTC W[X����5F�H�RyJ ± ��� v	� ¤�^�
��
�+¿�À���� 5 � �� u �����:M�µ�B ��� H:R	d e�h�i�������i ����� ^V¸��ZW X! ��À#"���$�F�H:R ( %'&(*),+
-.( �
1.0 m/s

)�/*0 �
1.0 K

)�1�2
0.1 g/Kg

)�3*4 �*5 1.0 hPa) ¶�M ) ���.6Â87 �9�V\�]*:G^�; _ � ¤ 11 < 11 < 5
7�=�> R

3.2.3 OSSE2

2004 � 8
�

1 � 0000UTC W X?��� =@> R�d e�f�g 7 d eEh�i � �*A*B@C NWP DV^¾ � W[XFEZkG� ) d e5v _5wV� 6 �Z�IHJC � �Kd e 7�=@> R,���? y�
K �  ,L�M � 40
)

\�]*N*OJC�^*; _ � � 21 < 21 < 13
7 � ) � : °p±@> d e £ � )*(*)�/�0*)*P*Q*2�0*)3*4 ��5 7�=@> R

3.2.4 Real Observations

d e�fGgSR h	i ) �Z�T �UK �  �LVM 7 \�]�:Z^�; _ � � OSSE2
7 ��W �.��>UX
) d e£ � ��A�B@C NWP DK^�¾ � C,µUC�¤xjEk =Y> R�ºZ»V¼I��� _ZwK� h�i ·�¸�¹�C 10 Z.C[ � a Â�=@> R

3.3 \ ] ^
3
§ CU_5r � � CCSR/NIES AGCM,version 5.4.02 C FORTRAN ` _ba ¤dc�e8�gf

AFES (AGCM for the Earth Simulator) ¤!j�k =@> R�h
C AFES
�Ui*j�k �YLl�V^ X'�> µgC�C ) ÀS"�mx¾@nVKpo*q*rJC�sVt k `	� 7vu �'CUw�x�y.q�zl{¥¤}|�~ ) AGCM

7 �
q 0 Cg�*� �J�	> {�| ¤��@�'� = h 7?XE�J�	> R

3.4 � � � �
3.4.1 OSSE1�.�U�J���	�*���*�
½ ���? y�
K �  ,L�M � C�m�n h�i C����U��y`¤�� 3.1

up�'=
�
LETKF

�
10 ���? y�
K � �G�7� _ �)°g�
� ¹��}� � � ��� �,�? y�
K �  ,L�MlCU�� 7 · uV� �.� �U��n � w��U� Â�7 �E� � �.>d� ¶�f,hIC 7U��)I3�4 ��5YCpm�n h	i � 10�G�7� _ � 0.5 hPa

)
20 �G�b� _��l� � 0.4 hPa

��  7 � ¬¡) d eEh�i (1.0hPa) CI¢E¸
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� 3.1: �,�? �
K �  ,L�M 10,20,40,80
� C LETKF C�m�n h�i C����U��y �

�l  7 �G� � �'>U�� 3.2
� ���? y�
K �  ,L�M uG«	> m�n h�i C���:L¤ 3 �If�µgC �'�l>I������,�} y�
K ��� � ����£ ��� C�� ±Gu��	��=@>�

�YX ��� ) ²�C��	����� � � ���

� 3.2: �,�? y�
K �  ,L�M,¤���: °�� f 7�� C LETKF C�������¾ ¿:À ( _�� )
7

10 �� v	� ¤���� � f � (  	� )
� C�mEn h�i ¤ � �If�� �

± �#�K¶ � �	! ¬ ) � Â �If���� � C�"
# 7 � �G� � �'>I�� Â �pf��
� � � ) ·�¸�¹�ºZ» � � � C �G�� `�gK �  'L	M 10
�+°U�g� ¹��}� � � ���¶Vf )+«+¬�$ � C��G�� `�gK � �5�¦� _ C:jEk u5«+¬¡) m�n h�i ��% ° � � ¬'&	(+u*)
+³�Â87 � > h 7?X �,� >I�
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���������
	 �
h ± ¶ �	)���
 : �.; _ � ��� Â �9� � f � h
C����   � � ) ���� ��K �  @L�M'C��� u,«¥¬�� � C �'>  � C����E·�¸E¹�C� �KÀ "K�	$��,� _ X����'=J> h 7}X {�� °±Y>p�,° � � )�� � C �.>"!�# £@C%$�&,C�f�'�� ��
 :���; _ � ¤ � � � =Y> h 7 � « �� )�(�) ���JC ���'X ��* °:±@>I�+ h � ¶�� ) �G�� `�gK �  'L	M 10

7
40 C 7
� C ��
 :���; _ � C ¯�, ¤"-�.'f � �

3.3
� � 3.1

7 ��/ � (�) ���JC����U��y`¤ � ��� �'>U�

� 3.3: ���} [��K �  YL*M 10
7

40
� C LETKF C (�) ����C��Z�g�*y � _,� � �E���
 : �*; _ � ( 11 < 11 < 5 )

)  	� � 13 < 13 < 7 C ��
 : �*; _ � ¤ 3'=g�
��
 :��*; _ � ¤�� �'> h 7 � «I¬¡)
(�) ��� � � � � ��:���� �,>I� 15 � «I¬10���G�� `�gK �  'L	M 10 C (�) ��� � ��
 :���; _ � � «+¬ � � � � X � � ±Y>p� h ± � y��ÀS"���$��G� _ � «V> µ
C ���l>�7"2�� � ±@>U� ¶	f ) 15 � «I¬ � � � � � � �.:� ��� )

10 �G�7� _ �I°g��� � C �l> !�# �%3 z �54�6 ¤"7 � � �'>I�«I¬�8�9 � -�:�C*f�' ) �,�} y�
K �  YL�M � 40
� � Â5�V)���
 :���; _ � ¤�� � �� � � ¶�� )<; � ��
 :���; _ � ¤ �*: °��Y>d� h�h � �%=?> ��
 :���; _ � ¤ 7-grid �� Â�=�>I�

� 3.4
� �G�� `�gK �  'L	M 40

� C ½ ��
 :���; _ � C (�) ����C	���I�	y ¤ � �9���>p�@��
 :���; _ � X � ����7
� � � )  `��À�"���$��5� _ ¤ $ �BA �?) KF
X@C � Â

� �G� �#��¶ � � �'>I� (a)
� � ��
 : �*; _ � 41 < 41 < 7

X�� ¹���� �'> h 7 ����,� >U� ¶	f ) (a)
«I¬¡)

11 < 11 < 7
X ����D % 7 �G� � �'>I�

� 3.5
� ) ·�¸�¹ ��
 : XFE C «HG �5I � ¤'�}� ��> �,¤"-�: =Y> f�'��KJ�� ± fp_�L

"
# �'�l>I�
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� 3.4: 40 �,�? y�
K � �G�7� _ � C LETKF C (�) ���JC��Z�U��y � (a)
� ; � ��
 :

��; _ � ) (b)
��=�> ��
 : ��; _ � ¤��.: °�� f � (a),(b) · �I_ � � ��
 : ��; _ �

21 < 21 < 7 ¤ 3 ��� �,>I� ½ � ��½ ��
 :��*; _ � ¤ � �9� �'>I�

·�¸�¹�C ��
 : � � (
� �

)
� � ) ����·�¸�¹ � P�� N�O �����	��
�� L	M�
�� _�� X �

��� >U����
 :���; _ � 11 < 11 ( �   ) ��� )�� L�M�
�� _	� ��� � ��� >
X�) �"!$#% �lC5��� 4�6 ��&��('��*)	�,+ 
.-(/ !,021 �.��C �
��3�465879/ ��: ��; � � 3 z 
< � 

� =�>@?BA.C � ; � / ��: ����
$D �$E _GF 21 H 21 (
�  

) � �"!$#�%JI�K � �
� � �
�.L :K��� 4�6 46M �ON -6/ ��:QP 7 � 7 11 H 11 +6R / 1S� �UT � = 3WV 
 < ��"X �*Y�Z � ��[�:�P ��
$D �\E _GF 41 H 41 ( ��] )

= +�^@�W�*1�_�+6` EQ= 3$V 
 <��4�a�b _ 76/ �B: A 1 �W���W
 < ��46c T ��d�e 
�� _	� 4(f `��.��:�P�g(�B��h 3.4

(a) �@i =�j\kWl �"m$n ; � / ��:�g�+�o >@p�L :*P
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3.4.2 OSSE2

OSSE1 ��� �������QF�� d�e 20 �$] = +*^*o	��
 7
� LETKF
=
���\A���� �\[ -�� P� � 1 OSSE1

=���������� �WD�! E _JF =#"�$ _�% ��& A('*)�; � � P h 3.6 � OSSE2

� =�+-,-.�/�=1032�4�5�4�' 7��76J= ��[.:�P
OSSE2 ���"1	8�9 :1
<; 0 6>= � �1��D � +�,�.�/ �	? ;7@ 
$-6/1A 021 �1��D3! E _F
21 H 21

A�B C ��[�:	+>D-E � ��:�P���F�1 �G�$D*! E _GF 4 21 H 21 +�H(
 76/��I 4
�KJ P
h 3.7 �(8-9 !ML � �ON�P�Q = 21 R�S T�� =(U 1#V�W\11X-Y�Z-[ =\+-, RMSE

4^]
_ S�T 7��76J=�` [.:�P+-,-.�/ba _�+9`dc =�e-f*`-g\h 1 ] _ UOa 2.0 m/s 1GVGW a 1.0 K 1�X-Y-ZG[ a 0.5
hPa +�i -"/ A 021�jGk	o	? ;�l P 7>��7 1�mGn A _ + `<cpo-q ;^r$/-l i l�e f 1�s	og(tGuv`#+G,-.�/wa�x ^ @ i -*/�l :�P
h 3.8

a1032 S�T 7��\+G, RMSE +��7y � y �*F ! P{z�N{| 4�',76/�l :�P
]GF\}	h a 0.96 + l�J�~Ol <w���{� _ y 4�',7(/�l :�P�g r�a 1w�vy � y �*F ! P{z�N
| A�� W M�@�+ ,G.1/�4 X � 79/-l :�g.+ 4>�O�	7 1 LETKF

=�.1/G�1� 4>� E�: �1��=~ ;�4
',7���l :*P

3.4.3 Real Observations

h 3.9
a

2004 � 8 � 16 R 0000UTC
`.=

LETKF � 3DVAR
=�� YGZ [ =�+ ,���`

[.:�P
LETKF

=�+-, � ��ZG�-� =�+G, � =�/ba�A ;#� 0.5 hPa ��? ;\l(/*` [.:�P 7
� 7��
m-n =\� i l g��GxO�1`3a 3.0 hPa

=�/BA [�:�P� o � LETKF
=\+�,-�-� Z��-� =\+-,��-� NNR

=
3
T =\+�,-� 4 q l3���-��� I{��< #� P

h 3.10
����¡ + , �3���6=

48
0�2	� �G� W ��¢G£ Lv¤ P NNR

a�¥ + ¦ W = ��§�¨��=	e f�`(� �-.1/�A(B©6�x ^ @ i  	�-l3¤ P hGt u�`�a�� LETKF �pZ � � =�+ ,�= 2 ox ^\i /Oa1ª<��r i lSA��vg\t u�`�a�� LETKF
=�.1/�A(x ^ @ i  	�-l3¤ P LETKF

a
«�¬ ­ W =#® _ � R D7a��w 
�-l i l-��§�� mGn A�� i @¯� «�¬ mGn A(° V i�±�² � �O�³ ��l*¤�g(tGu*`1.�/BA�´Gx ³ � �>D-E �µr7¤ P

3.5
¶ · ¸ ·º¹ »

Miyoshi and Yamane (2007)
`3a ��F = 3

T =�� Iw� �d #� P
1. regular observing network

`�=(¼1¨v½G® F � I
(OSSE1)

2. real observing network
`�=(¼1¨v½ ® F � I

(OSSE2)
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3.
���.= m�n `�=�� I (Real Observations)

OSSE1
� �p�������	r*�	��
 5�� � c T

T159/L48
`�


LETKF
a

10 �*y b _ `�� E�Wl������
20 �vy b _ �.] `3a j-k�o(��
 ³ � g 
����-� XGY-Z-[ 
�+G,-. /ba m-n ./�
�t�k ��F<�
i  #� P

OSSE2 ;�� � LETKF
a �1
 ³ ��� _w� `<c 
	e f�`�U 2.0 m/s

� V W 1.0 K
� X YGZ [

0.5 hPa

 ? � i + ,G.1/ ��i  ���� ��i  ������µ��e f�` jGk	o x ^\i .�/��GªM��r�� P

s	o^mGn � _w� `<c�i l�g\t u�
�� ] `�����` [  �� � �*y � y �"! ! PMz(NO| a	�#��
.1/G�1� � ; @ � E �-l-� � ³ � ³ � �*y � y �"! ! PMz(Nb| a�g\t u�`(�#��
�+ ,G.1/
;�� 6�x ^ @¯� $�%�`�a ? �b@ i  �� � g r3a�¡�e f�`&
	B�C i j$k�l�'�(���) i ¤ g��� ' ³ ��l�¤"�
B C��G��*v!�+ _�! a �7y � y �"!G� d�e ��m-n-,ON/.10 _�2 o43�5&6 ¤"�
�-��*�
"7�Oa�� � y\P98\y & :�;	_ 
"< � �>= r o43�5&6 ¤^.1/�? ��
 .�z _ |A@#B `&C � �ED ³l�����*v`�a � y�PF8�y &�:�;�_ � <K� 6�g�� ��` ^ ¤���� = r o 3�5�6 ¤�.G/�?-�Ma
q ld� r i @ i ¤	� � ��� � y�PG8(y &�:�;�_ a �vy � y �	!G� d�e o�H @ m\n �	r7¤4�
�vy � y �	!G� dWe���I E � r-��l�¤ ��^ ���-��**!�+ _�! 
	J�K#�ML�N*`�C�¤	�
Real Observations

�©�������&
 m-n � q l����G�ba	O�P*`�C3 ���� NH
`3a��

LETKF
�+G,ba ZG�G��ov; ¤^+G, �EQ � W 
�� W `&C3 ����#� SH
`3a\� « ¬G­ W 
 R�S q	o*;

� � Z-�G� 
�+G, ;��UT  ���l����+ ,3`&
 [ � zWV ! ® _ � o�; ¤
+ ¦ W 
"<G��X1�b½�® ! 
ZY7l o�;��\[�]vi + ,_^�`
 aMbOa�c�d i 6	
#`�a i le����f	
"g�h ��� ;�� � LETKF
a

3DVAR �EQ � W ��� W
�~7l�+G,�i�j�`�C�¤ � ��k#l�mM�µr7¤	�
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�
3.5:

; y�����i 0��v`#
 �7y � y ��!G���
	 40
`�� 
 ��r*��
�� W���S-VGW . /���������&������a\����* i ³ ������a 41 � 41

��� F a 21 � 21
� � F a 11 � 11


(�
��*�!�+ _ ! ` � r�!(r#� ��* ³ ���1`&C�¤4�#"�f�
�
%$7a���� ��
�&
' e�`&C�¤4�
( y� _ 
-2�)�a

0.001 K2
`�C � � *ba,+G� i " f � X ³ ��l�¤"�
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�
3.6: 40 �7y��©y�� ! �7y�� _ `�
 LETKF


\+�,�.G//
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�<$ �5_?>�@BA %<'
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3. PO =DC SRF
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(
%#'
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2
$IH&J �

PO =KC SRF
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�
PO =KC SRF

$�%?'�de � ESF �f `g&h [ji`kml2� _\�5�������S� �)� ��U M = �nb _B]c� :S; ^8_#a#Cji HoJ�<b _�,%#'
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� �&%#'
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$Bd�e ]�[p.6�0/ �q13��4��61c7�9 � � 
�r (0s U , ��� � � ��	��t Cpu6v tR$<w �#x $�y C �f �z�{ � ym$&|�} �  b _��n~S���I�)�6�B� $��P�8� z{ � y�$�} C �&U ,6�6�I/ �q13�54B���G� C �)rP x �6� ����� 0

 G���
2.34 ,y �6� ���� 0,

���
2.31, z �6� ����� 0,

���
2.34

$��6� �G� ����*�� y � W �6� t �&�R� U ,� U� �Z_?>�@BA $��  uGv t C ��rP� t`�#  �S¡Bx � � y ��¢R� U t ��£?¤ U ,N $�¥  
SRF ¦ LETKF ��§#£  � y6¨ ���G©?ª $�M =DC ��r multiplicative inflation�2�<£ � ¨ ���G©cªS«  6¬ _c> ∆ � 0.05 C�­5®  ?¯ ~�°R±c� 0.001 C �&U ,

4.2 ² ³ ´ µ ¶ · ¸ ¹
� _3���&������� ¦  / ¬0º¼»G$�½G¾�¿GÀcÁÃÂ2Ä _ Â�Å � _����&� i 1963 Æ ��ÇG½m$È�É�Ê ¾ ��Ë�Ì#^8_ U�Í �oÎ�Ï ��U ���S� � b _�,P� _\�5����Ð�Ñ�Ò ¦  Ç6½R$�Ó È�É �Ô ^ 4GÕ�Ö�×nØ $SÙIÚ&Á�Å �ÃÛ _?Ü � Ð6Ñ�Ò ��Ý6Þ?^R_ca<Cq�PßK[ O _&,a O [ $ z ¦  ( x,y,z )

$
3 àná $&â�ã ~<ä $�å6æ C �2r5Ô�çoO _Bi  �z $ ¯ ~ J�è6é ¤i�êGë �&ì6í � b _&,� _��P�&������� ¦ "#î $ 3 ï $ Ò � Ô3ç�O _&,

x́ = −σ(x− y) (2.1)

ý = −xz + γx− y (2.2)

ź = xy − bz (2.3)
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5.7: SRF » � }I~ ��¹ � m�° ��� ( m�°|±�²�³�´ 10000 ·F» )
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5.16: �Ix������()�� PO 8D» � RMSE

� ��� ( m�°|±�²�³�´ 10000 ·F» )
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