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ɚ1ə�Űʶ 
 

1.1.! ɇɕɿǐ 

1.1.1.! õǫȎ1ȎǾ 
õǫȎ2����`MĻ˺�õɟĻ˺�Z�����o/ģ<G$�ɢ 1400� km21Ȏ+


F�Fig. 1-1[1]/õǫȎ1ĩĤJɋ��bU�apxM÷Ş,Z�����o1˴/2ȐȎ
Ŭÿ�ů�E�"1ǟ˪2s�PQ�Ȏ�ʚ˪2Z�����oȎ,Ė3G*õĻʚȉ/̀

Ʃ�F����`MĻ˺,õɟĻ˺1˴2|���ZȎŝ+
E�|���ZȎJɩ*õĽ

Ŭȉ/(.�F�Uphõ˪/2ĹŞȎĮ�ů�'*�E�uyN�Ş�R�c�MŞ.-

�ŀĨ�F�M�bUȀ/2��yS�nȎ�ů�'*�F��`MȃŜ/2P��\�Ş�

s�`x�bYʷŞ�d|�p�e����su�e���ɛ1Ş�ŀĨ��"GD/C'

*öáDGFȎĮ2ǟ�Di�YiȎ�ǟ`|�MȎ��{lyȎ�U�Ȏ�u��kȎ,

Ė3GF�<$�P��\�Ş1û2��ZȎŝ�d|�p�e���1û2x�WkW�

Ȏŝ�su�e���1û2U�\OnȎŝ,Ė3GF�õǫȎ2Ļ˺ǧ�Ȁč<+ů�E�

�ľ˪J˹�,"1ǽȐ2ǻˌȾȍ�� 
 

 

Fig. 1-1 õǫȎĩŽĤ[1] 
 
õǫȎ2ȎǾ/ʜIGFȎ+
F��ľ˪/2ŭ˴J˛�*ʐ�F�,1.�ĹŭǾ�ŀ

Ĩ�F�ɎŁ­˶�1ĕ˓�Dû/Đ�'*ȎǾĮ�ơĻ�F��D/�õǫȎ2ȁšȌÖ

ˮ�Ĺ�$?�Ý/ȎŜ�DȎ/Đ�'*Ɩ˲�$ŇɂǾ�ȼˤ�F��GD��ɰ/.'

*ȎǾ�õǫȎ1×·Jʜ�� 
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<$�õǫĮ/2ˀț�ʺŏ/ŀĨ�F�ůĻ.gOVAk�o�,ȯĨ2Ȏű,.'$

Ļ˺ǧ/Ĺ�1˰ȩˀț�Rr�X�ˀț�ĭʎ�G*�F�ɟĥĩ˃ʴǤƗ� 2008ŭ 7Ǖ
/Øʕ�$ȲõǫĦˀțʪ¿̙CARA, Circum-Arctic Resource Appraisal̚[2]/CF,�õǫĦ
̙õɲ 66.56°­õ�˺ĩ@Ē>̚1Ǚȼʝˀțˮ2��ȸ1ǙȼʝɆȂ1 13̘�Ǚȼʝļȥ
Vb1 30̘Jý?F�ªƃVbȵAȂȵ.-1˳ȼ�ˠ>�,+�g�U�AºǪʉɛ1ʆ
ʑ�Ĵ�*���,�¤Ƒ�GF� 

 
˖ŭ�ĩȰȘǒô1ſ̌+õǫȎ1ȎǾ2ȕŗÏĐ/
F�Fig. 1-2[3]2õǫȎ1ǔĻ,ǔ

ŖȎǾĮ̊ɔ1ŭĶôJɋ�*�F�ȎǾĮ̊ɔ2�2012 ŭ/"G<+1ǔŖʦ˱̙425 �
km2�2007 ŭ̚JĻ���ğF 349 � km2<+ȕŗ�$�2013 ŭ­˶�ȎǾĮ̊ɔ2Ļ��
ğƆ��2014ŭ/2 2007ŭ­˶+2ǔĻ,.F 519� km2+
'$� 

 

 
Fig. 1-2 ǔŖȎǾĮ̊ɔ1Ķó[3] 

 
ȎǾĮ̊ɔ2˲ǗȾ.ȕŗÏĐ�
F��ȎǾ1àŦ2ŭ/C'*Ļ��˥��Fig. 1-3[4]

2ʓǌʠș/CF 2007ŭ�D 2014ŭ1 9Ǖ 10ǈ̙ȎǾĮǔŖǗ̚1ȎǾŎƩŲJɋ�*�
F�ɯ̊ɔ1Ķô%�+.��ȎǾĮ1àŦŽȫ�ŭ/C'*Ȼ.F�,�à�'$�ʆˈ

,�*æȴ�F˾/2"1ŭ1àŦ�-1C�.Ž/.E�-�+Ǿ�ʐ�ǷEA���-

�+ȎǾĮ1ɵŖ�ǉ��ɛ1Ɛı�ˬʛ/.F� 
 
 
 
 
 

2012 
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2007ŭ� � � � � � � 2008ŭ� � � � � � � 2009ŭ� � � � � � � 2010ŭ 

 

2011ŭ� � � � � � � 2012ŭ� � � � � � � 2013ŭ� � � � � � � 2014ŭ 
Fig. 1-3  9Ǖ 10ǈ1ȎǾŎƩŲàŦ[4] 

 

1.1.2.! õǫʆˈ 
õǫȎJ˛FʆˈJõǫʆˈ̙ ASR, Arctic Sea Route ,̚Ė7�õǫʆˈ/2�/¦(
F�

���jv�D�`MȃŜJ˛'*õĽŬȉ/Ɵ�Fõǟʆˈ̙Fig. 1-4[5]̚,�UphĹŞ
ȎJ˛ʆ�*���jv�DM��UʚȎŜ�ǟMaM/Đ��õʚʆˈ̙Fig. 1-5[5]̚+

F�ʆˈ�D×�ȎǾ�.�.F12��ɅǗ˴/˷DG�"1ëƃ1Ǘ˴2ǾȎJʆʑ�

F�,/.F� 
 

 
Fig. 1-4 õǟʆˈ[5] 
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Fig. 1-5 õʚʆˈ[5] 
 
�1ʆˈ1ǔĻ1ȪƊ2ȎǾ1ŀĨ+
F�Ǿ2ʉ˜1¶�JŸ�˅��Ļ�.˿ŋ+


E�ǎ/2ʉ·�ƪˠĝ/ƱÎJ��F�,@
F�ë˗1˛E�õǫȎ1̖ɲŲĮ/2Ĺ

ŭǾ�ŀĨ��Ý1ȃŜĮ/2ŇɂǾ�ȼˤ�F�ʆʑ/2ɈǾ
F�2ɽǾʀïJƢ(Ǿ

Ȏʉʈ�ƌʛ,.F� 
 
˖ŭ�˲ ǗȾ.ȎǾ1ȕŗ/³'*�õǟʆˈ1ĚǪȾʆˈ,�*1¿È�̖<'*�$�

õǟʆˈ1æȴ2ƄǞ1bRcˡȁɩȶ/ǻˌ�*���jv�ǟMaM˴1ʆʑˇ̄J

38%:-Ʌɵ�F�,�+�F̙Fig. 1-6[6] �̚�G/C'*�Ȩǁȏʿ�ƞ�DG�]bn1
êȕ/.F,,@/ȘŊòǣVb1Ʀßƞè/@.F�<$�f��MȀɛ+ě̐,.'*

�FȎˁ/CFʖŋ@ğ˨�F�,�ßǞF� 
 

 
Fig. 1-6 õǟʆˈ,ûğEʆˈ1ǻˌ[6] 

 

õǟʆˈ 
ɢ 13000km 
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���$�,�D�ʆˈæȴ1ơĻ2ªƃ@ɮ�,ɻ�DGF�Table 1-1[7]2 2010ŭ�D
2013ŭ<+/õǟʆˈJʆʑ�$ʾȩJ<,?$@1+
F�ʆʑƾ�ʾȩˮ,@/ŭ�Ĵ
ð�*�F�,�à�F� 

 
Table 1-1õǟʆˈ˛ʆʾȩˮ[7] 

 
 

� ȯĨ�õǫȎ1ʆˈæȴ1ʳ̐2"1ƧɜƏ,ń×Ə1Đ�/
F�¸CE@Ô/< ń

×.ǾȎʆʑ�+�F$?/2�ƻ̅ʧÍAʆʑƏʀ1ÒG$ʉʈ1Ŷ˝�ƌʛ+
F�"

�*��1C�.t�o̊+1O�y�/ð�*�ʆˈȃ�1Ǽʻ�ǾȄm�g1ƿÍ,�

"GJ@,/ʆȎ1˦ƏJäǃ+�FƐıƜʒ.-1fyn̊+1ʆʑƶư@ʆˈňȯ/ǳ

���,2+�.���1�ɼ�ƫ��,/C'*ń×Ə�ɉɘ�GG3�ʉʈ1ƺ˿A�

"G/³�ː˙Âʩ1$?1ʿȴ�êȕ+�F�"�.G3�õǫʆˈ1ŇǗȾ.æȴ/Ļ

��˖)��,/.F%H�� 
 
� ��+2ʆʑƶư/ƌʛ�Ċǳ.ǾȄ¤ș/(�*<,?F�Table 1-2[8]2�¤șǗ˴,
ƌʛ.ǿŇ¥̍1˵ÀJ<,?$@1+
F��1�&�②/(�*2ȎǾˡó1ƾÈ¤ı

�m�1Ʒʊ/C'*̖�ɠŲ+ʡǿ+�F�<$�③/(�*2ȯĨʑ'*�F 100ŭ�
�a1ȎǾ̊ɔ¤ș1Ǘ˴JɅ��F�,+ɠŲ���F+
H��ªğ1ɇɕ1ȿȾ,.

F1��Ǘ¤ș+
F�ʆˈJæȴ�F�-���<$-K.ʆˈJćF�JǿŇ�F$?

/2�ķŁ1ǾȄJƾ�Ǖë/¤ș�F�,�ƌʛ+
F��˭(2015)[6]2õǫȎʆˈ/�
�Fǔ˦ʆˈƨǤƙȆJ˳ȼ�$�"�*ȎǾ1ɅǗ,˲Ǘ¤șm�gJȴ�*ʆˈJƨǤ

�$�Fig. 1-72"1¼Jɋ�*�F�@��Ǘ¤ș�+�G3��Ǘ˴1ǔ˦ʆˈƨɥ@+
�F%H��  

 
Table 1-2 ʆˈȃ�ǾȄ¤ș,"1òǣ[8] 

 ¤șǗ˴ ǿŇ¥̍ 

①�  1�Ǖ�D÷ŭɑŲ̙�Ǘ̚ õǟʆˈ�õʚʆˈ1ǿŇ 

② 1˟˴ɑŲ1¤ș̙ɅǗ̚ ǾȎɗÖƃ1ʆˈǿŇ 

③ 10ŭ��a1¤ș̙˲Ǘ̚ ɩȓòǣ.-˲ǗòǣJĤF�˝ʉʣȷ1ǿŇ 
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ABSTRACT 
This paper is aiming to examine cost effectiveness of shipping 
via the Northern Sea Route. The NSR shipping scenarios of 
container, LNG and iron ore are considered as comparative 
scenarios using current southbound shipping route such as the 
Suez Canal route, Panama Canal route and so on. Taking into 
account actual icebreaker assistance fee and other shipping cost 
components, shipping cost of each scenario is examined.  
 
KEY WORDS:  Northern Sea Route; Shipping cost; 
Container; LNG; Iron ore.  
 
INTRODUCTION 
The Northern Sea Route (hereinafter referred to as “NSR”) is 
known as the shortest sea route between Northern Europe and 
East Asia along the Russian Arctic coast. Through the NSR, the 
distance can be shortened by about 30% compared to the Suez 
Canal route. Since 2010, maritime transport between Europe 
and Asia using the NSR has been accelerating, against the back 
ground of sea ice retreat in the Arctic Ocean, with appreciation 
of the fuel price and Asian demand for natural resources 
produced in the Arctic. So far, gas condensate, jet fuel, iron ore, 
coal, frozen fish and LNG have been transported via the NSR. 
It is reported that some of these shipping cases could 
significantly reduce shipping cost compared to the shipping via 
the Suez Canal route. However, icebreaker escorting fee and 
other expenditures for navigation through the NSR are not fully 
clear and it might give shipping market pause to participate in 
full scale operation. 
In this paper, shipping cost of container, LNG and iron ore via 
the NSR is examined. NSR shipping scenario is implemented 
for each cargo cases considering latest shipping records, ice 
navigation support fees that should be paid to Russian 
companies, and sea ice condition. Shipping costs by using 
competing southbound routes are also examined and compared 
with NSR shipping cases. 
 
NSR SHIPPING SCENARIOS 
Recent NSR shipping activities 
Since 2010, when the first transit voyage from Europe to Asia 
had carried out by non-Russian cargo vessel, number of 
commercial voyage through the NSR overreached to 155 
voyages in total in 2013. Table 1 shows transported cargo type 
and volume via the NSR. So far, dominant cargo is gas 
condensate, which is loaded at Russian ports and mainly 
shipped to Korea and China. However, due to the relocation of 
gas condensate plant from the Russian Arctic coast to Baltic 
coast, cargo volume of gas condensate would be anticipated to 

decrease. In contrast, LNG has possibilities of becoming a 
dominant cargo of the NSR in the future. And today, container 
transport makes up about 60% of all maritime transport cargoes 
by value. Thus we take up container, LNG and iron ore as 
transit cargoes for the NSR in our study scenarios. 

Table 1. Shipped cargoes from 2010 to 2013 
Year 2010 2011 2012 2013 

Number of 
Voyage 4 34 46 71 

Liquid Bulk 
(ton) 70,000 604,652 894,079 978,735 

Bulk (ton) 41,000 110,339 359,20 276,939 
General cargo 

(ton)  24,673 8,265 100,223 

Total (ton) 111,000 820,789 1,261,545 1,355,897 
Source: Prepared by authors based on the data from the 
ROSATOMFLOT, 2010-2013. 
 
Container shipping scenario 
Container shipping scenario is considered between Rotterdam 
and Yokohama Japan via the NSR and Suez Canal route.  
Here, ice class vessel of 4000TEU is applied to the NSR 
scenario. In the comparative scenario via the Suez Canal, four 
types of ship are applied as 4000TEU, 6000TEU, 8000TEU 
and 15,000TEU. Detail of ship is shown in Table 2. And 
shipping distance of each scenario is also shown in the same 
table. Sailing speed in the normal waters is set to 20 knots and 
5knots within the Suez Canal.  

Table 2. Detail of container ship and shipping distance 
 NSR Suez Canal route 
TEU 4000 4000 6000 8000 15000 
Engine 
Power (kW) 

37,679 37,679 53,760 69,842 126,127 
8.0407*TEU+5516 

Estimated by authors. 
Distance 
(NM) 7,268 11,414 

 
In each scenario, 1.25 days are applied for loading at port as 
break time. And in comparative scenarios, vessel calls at eight 
ports on its way and 0.5 days at each port are accounted as 
break time. Load factor of the container ship is accounted for 
75%. 
 
LNG shipping scenario 
In this study, we take into account actual LNG shipping case, 
which was carried out in 2013 from Hammerfest to Chiba 
prefecture Japan by ice class LNG carrier “Ob River”, as NSR 
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Fig. 1-7 2035ŭ 9Ǖ 1ǈßȼ1ǔ˦ʆˈ[6]̙ʋ2ȎǾþ[m]̚ 
 

1.2.! Ǉŀɇɕ 

� Kimura et al. (2013)[9]2��OY�ȇƹŔʣ/CFʠșm�gJ@,/Ǻǈ1ȎǾȟȌ˜
ŲJʣɜ��12Ǖ�D 4Ǖ<+1ȎǾ1ó��DķŁ1ȎǾ1ŎƩŲàŦJ¤ș�*�$�
�1ƙȆ+2�¤ș/ȴ�$m�g,�* 5ǕA 6Ǖ1à@˽ǎćE˔>�,/C'*�CE
Ƕɉ.¤șȫȄ/ǓǄ�F�,�ßǞ�CE̖�ɠŲ+¤ș�F�,�ßǞF�����Ȏ

Ǿ1þ�1ȫȄ/˵�*2¤ș�F�,�+�*�.�� 
� Ǩ(2015)[10]2©ţʓǌm�g/CFȎǾþJƪŇ�FM�^�c�/į)��5Ǖ, 10Ǖ
1ȎǾþm�g+ğŨǅɑŷJɜß�*¤ș/ȴ�$������1ƙȆ+2 10Ǖ1ȎǾþ
JǿŇ�Fʛɤ2 5Ǖ1ȎǾþ��ɻƕ+�*�.�$?/�5Ǖ, 10Ǖ1˴/ȎǾ�Ƞ�
�ó�Ĳč2�¤ș1ɪǣ,ʠș1ɪǣ�Ļ��Ȼ.F�,�ɻ�DG$� 
  

1.3.! ɇɕȿȾ 

� ȯĨõǫʆˈJʆʑ�*�F:,K-1ʉ2ɽǾʀï�
E�ȎǾĮ+2ɈǾʉ/Ôŕ�

G*�F�(<E�ɈǾʉ1ɈǾʀï­�/þ�ȎǾ+.�˷E�ȎǾ�ŀĨ�F�-��

%�+2"1̎Į�ʆʑĊʀ�äǃ�F�,2ßǞ.��Ǔ/�ń×Ə,ɩȓƏJʪ¿�F

$?/2�-1ɑŲ1þ�1ȎǾ�-1ɑŲ1ů�/��*àŦ�*�F�,��Ɛı/˵

�F¤ș�ƌʛ/.F� 
� ǚɇɕ1ȿȾ2�Ǩ[10]1ƙȆJÓ/�ǍŁ<+1þ�m�g�DķŁ@��2ɎŁ1ȎǾ
þJ¤ș�FƙȆJƭǦ�F�,+
F� 
 

m 
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ɚ2ə�»ȴm�g 
 

2.1.! ʓǌ���nd�`�Z 

ǚɇɕ+2�ĩȰʠșʓǌ/CF���nd�`�Zm�gJȴ�*ʡǡJʑ�� 
���nd�`�Z,2�ʆɖǲA©ţʓǌ/Ʋˍ�$d�_��D̋ȇÄɊȇJƙ�

�E/ĩ�1ȩ·1ɒ̑A"1ȫƔJȪŇ�FƜʒ+
F[11]� 
d�_�2�"1ȪƊ�D 2 (1ʠȣ+à̑�F�,�ßǞF�"G2�»ȴ�F̈Ɋȇ

1ĕȇƾ/CFà̙̑ĊʞÕ�˄ĸɱ��OY�ȇ̚,�ʓǌʃD�̈ɊȇJȼ�F�-�

�/CFà̙̑ʀóĬ�ĈóĬ̚+
F� 
»ȴ�GF̈Ɋȇ�,1ȪƊ2­�1˛E+
F[11]� 
 

ĊʞÕ 
Ľ˻Õ1Rr�X�1ɀƩȾ.ąŔȯʻJæȴ�*ʠș�GF�(<E�ĩ�1ȩ˃1ą

ŔȪƏ1˥��Dȩ·1äåJʑ�@1+
F�ĻǼ/CFsOcJĈ�A��� 
˄ĸɱ 
ĩʕ̊1ȩ·1ƹŔȘŲJʠș�F�,�+�F�Ȏȉ/��FȘŲàŦ�ȘƦǽ.-1

ʠș�ȡŚ�Șȅĩŧ1ĞǼ,�'$Œʻȩ1ȧȾƐıJɄF1/ƀɘ(�ĊʞÕ,˥'*

ĺ˴1ʠș�Ċʀ+
F�$%��ĊʞÕ�˄ĸɱ1 2 ɒ̑2̇�
Fǎ2ĩʕ̊1ʠș�
ßǞ.�� 
�OY�ȇ 
�OY�ȇ2ƈŖ.ǽȞ/2ƽ¡�G/��1+��ɖ1Ǽʻǝ¯1ſ̌JĈ� /�ĩ

ʕ̊J˞ɮȾ/�qg��Z�F�,�Ċʀ+
F�$%��OY�ȇ2ȇ˲�˲�$?�

ĊʞÕ�˄ĸɱ/ǻ9*̖�ʡÑŲJƅF�,�̅��� 
 
ȧJƢ(ȩ·2×*̈ɊȇJƹŔ�*�E�"1ƹŔ1ȪƏ2ȩ·1ɒ̑AȫƔ/C'*

Ȼ.F�<$�ÖŔ�F̈ɊȇJC�ēĆ�Fȩ·:-̈ɊȇJC�ƹŔ�F,��ȪƏ@


F��$�'*�Ņ×ēĆ·1Ĳč2ȘŲ1=+ƹŔˮ�ǿŇ�GF��1C�/
DB

Fȇ˲1̈ɊȇJēĆ�ˑŔ�FȱƑȩ·J̗·(black body),Ė5�̗·1ˑŔRr�X�
2Ǵ1{��Y(Planck)1Ȇé/C'*ɋ�GF[11]� 

 
 B" =

2hν'
c)

1
e
,"
-. − 1

 (1)!  

01̢̗·1àÕƹŔˎŲ�2̢ĕȇƾ�T̢ɬŒȘŲ 
h̢{��YŇƾ�k̢��k��Ňƾ 

 
(<E�ȇ˲,ɬŒȘŲ/C'*ƹŔRr�X�Jŕ��,�+�F�ȘŲ�̖�.F/

(GǔĻƹŔˮJ��Fȇ˲2Ʌ�.F� 
ȱƑˑŔȩ·,�*1̗·1ȪƏ2�Ľ˻�ĩȰJȩȱȾ/�Y�/Ƥ�F1/ƀɘ(�
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����ȯň/2�1C�.ȱƑȩ·2.�1+�­�1W�w~jy1ŷ+��DGFR

�j`xlN�(emissivity) 3/C'*ȯňȩ·,ɪ5¬�F�,/.F��ʇ1ȩ·23� 0
�D 11˴/
FȢʋ·+
F� 

 
 3 = 0 04 (2)!  

B̢ȯňȩ·1üµ̊ɔ
$EˑŔRr�X��Bb̢̗·1üµ̊ɔˑŔRr�X� 
 
<$�©ţʓǌ/CF���nd�`�Z/��*2�Čȩ˃1ĕȇƾ�,1�ˎŲȘŲ

(brightness temperature)1ÈJʠș�F��ˎŲȘŲ/(�*@ďǯ/­�1ŷ+ʕ�GF� 
 

 54 = 35 (3)!  
Tb̢ȩ˃1ˎŲȘŲ �T̢ȩ˃ɬŒȘŲ 

 
­�1C�/�ȩ·1ˎŲȘŲ1È1˥�/C'*ȩ·Jʹå�F�,�+�F�ȎǾ2

þ��Ü̆�ʕ̊ȫƔ�ˎŲȘŲ1È/ſ̌�F$?�ˎŲȘŲJʠș�F�,+Ǿ1ɒ̑

AŎƩŲJɄF�,�+�F[11]� 
 

2.2.! �OY�ȇƹŔʣ AMSR-E, AMSR2 

ǚɇɕ+ȎǾþ1ʣɜ/ȴ�$ˎŲȘŲ1m�g1�&�2003 ŭ�D 2010 ŭ<+1@1
2 NASA 1ĩȰʠșʓǌ Aqua /Ʋˍ�G*�FƷʊĬ̖Əʀ�OY�ȇƹŔʣ AMSR-E 
(Advanced Microwave Scanning Radiometer for the Earth Observing System)(Fig. 2-1Ť)/CF@
1+
F� 

AMSR-E2ĩʕ̊�Dƹß�GF�OY�ȇƹŔJʠș�FĈóĬ1d�_�+
E�6.9 
GHz�D 89 GHz<+1 6ĕȇƾŧ+�ǽŬÉȇ�īɀÉȇ+ʠșJʑ'*�F�"1�&�
89 GHz/2 A, B1 2(1ĈÃǲ�
E�ɯi��r�ƾ2 14+
F��OY�ȇƹŔʣ
,�*2ǔĻɣ1 1.6 m ĉƁ1M�lpJƲˍ��̖�ɖ˴àʡʀJ@(�Table 2-1 2
AMSR-Ed�_�1ʮɦ+
F� 

 
� AMSR-E 2 2011 ŭ/ʠșJɧ£�*�E�2012 ŭ�D 2017 ŭ1Ǿþ1ʣɜ/˵�*2�
AMSR-E1ƃɭ,�*�JAXA(Japan Aerospace Exploration Agency)�ƚ&��$ɚ�ǗǽƇȲ
Ķóʠșʓǌ	� �
GCOM-W1(Global Change Observation Mission 1st-Water)/Ʋˍ�G$
�OY�ȇƹŔʣ AMSR2(Advanced Microwave Scanning Radiometer 2)(Fig. 2-1ċ)/CFʠș
m�gJȴ�$� 

AMSR22AMSR-E,ďǯ1�OY�ȇƹŔʣ+
E�AMSR-E,ď� 6.9 GHz�D 89 GHz
<+1 6ĕȇƾŧ1i��r�djn/�̈ȇūȔˋȕ1$?1 7.3GHz�˘ð�G*�F�
�OY�ȇƹŔʣ,�*2�ȸǔĻ1ɢ 2m ĉƁ1M�lpJƲˍ�*�F�Table 2-2 2
AMSR2d�_�1ʮɦ+
F� 
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�OY�ȇ2ƈŖ.ǽȞ/2ƽ¡�G/��1+��ɖ1Ǽʻǝ¯1ſ̌JĈ� /�ĩ

ʕ̊J˞ɮȾ/�qg��Z�F�,�Ċʀ+
F�  
 

 
Fig. 2-1 �OY�ȇƹŔʣ AMSR-E [12]̙Ť̚ 

,"1ƃɭǲ AMSR2[13]̙ċ̚ 
   

Table 2-1 AMSR-Ed�_�1ʮɦ[12] 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

�Ƌĕȇ

ƾ 
(GHz) 

Éȇ 
ɖ˴àʡ

ʀ 
(km) 

6.925 V 43×75 
6.925 H 43×75 
10.65 V 29×51 
10.65 H 29×51 
18.7 V 16×27 
18.7 H 16×27 
23.8 V 18×32 
23.8 H 18×32 
36.5 V 8.2×14.4 
36.5 H 8.2×14.4 
89.0 V̙ ĈÃǲ A  ̚ 3.7×6.5 
89.0 H̙ ĈÃǲ A  ̚ 3.7×6.5 
89.0 V̙ ĈÃǲ B  ̚ 3.5×5.9 
89.0 H̙ ĈÃǲ B  ̚ 3.5×5.9 
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Table 2-2 AMSR2d�_�1ʮɦ[13] 

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
� ǚɇɕ+»ȴ�$ˎŲȘŲ2�ĥɘǫĩɇɕƗ� JAXA ,1úŇ1@,+ Arctic Data 
archive System(ADS) [14]�+˫Ŧ�*�F AMSR-E, AMSR2/CFˎŲȘŲm�g+�ʡ
ÑŲ 10 km�Z�joƾ 900×9001Ǻǈm�g+
F� 
 

2.3.! ȎǾŎƩŲ 

ǚɇɕ+2�ȎǾ1̊ɔȾ.àŦJɋ�ƣǰ,�*�
FɞģÚ1Ȏ̊+ȎǾ�ý?Fí

čJɋ�ȎǾŎƩŲm�gJ»ȴ�$�ȎǾŎƩŲ2 ADS[14]/CFǽŬǅĐ1ʡÑŲ 10 km�
Z�joƾ 900×9001Ǻǈm�g+
F�Fig. 2-2/ 2014ŭ 10Ǖ 1ǈ1ȎǾŎƩŲàŦJɋ
��̗�˪à2ʓǌˉˣ/CFǫȣĕ˓1ǳș+
F� 
�  
�  
�  
 

�Ƌĕȇƾ 
(GHz) 

Éȇ 
ɖ˴àʡʀ 

(km) 
6.925 V 35×62  
6.925 H 35×62 
7.3 V 35×62 
7.3 H 35×62 

10.65 V 24×42 
10.65 H 24×42 
18.7 V 14×22 
18.7 H 14×22 
23.8 V 15×26 
23.8 H 15×26 
36.5 V 7×12 
36.5 H 7×12 
89.0 V 3×5 
89.0 H 3×5 
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Fig. 2-2 2014ŭ 10Ǖ 1ǈ1ȎǾŎƩŲ[%] 

 

2.4.! ȎǾþ 

 

2.4.1.! ȎǾþƪŇM�^�c� 
� ǚɇɕ+2�Krishfield et al. (2014)[15]/C'*˳ȼ�G$��OY�ȇƹŔʣ AMSR-E, 
AMSR2/CFˎŲȘŲm�gJÓ/ȎǾþJƪŇ�FM�^�c�̙IJISM�^�c�̚J
ȴ�$� 
� �1M�^�c�1ȪƊ2�3 ɒ̑1Ȼ.FȎʕ̙̊˳ǽ̊��ŭǾ�ĹŭǾ̚�D1̈
Ɋȇ�Čĕȇƾŧ+1ˎŲȘŲJǮƖ�*�F,®Ň�$�,+
F��ŭǾ̙FY, First Year 
ice̚2ǠȫˊǾ�Dȼˤ���ÝCE˲�2ɩˢ�.�ȎǾ+�þ� 30 cṃ2 m��G/Œ
��ĹŭǾ̙MY, Multi-year ice̚2ŗ.�,@�ķ2ʐ� /Ƿ'*�FǾ�þ�2 3 m­�
­�1@1�Ĺ�� 
� ��+ČˎŲȘŲ/��* 3ɒ̑1ʕ̊Jöå�F1/ȴ�DGF1� Fig. 2-3+
F� 

% 
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Fig. 2-3 �ɒ̑1ʕ̊/Œ�Fĕȇƾ�ÉȇǅĐ1ƹŔ¾ŀƏ[16] 

 
� Fig. 2-3JʝF,�ĹŭǾ2ĕȇƾ���F:-ƹŔȮ�¶�.F�(<EˎŲȘŲ�¶�
ÈJɋ��,�à�E<���G/Œ�*��ŭǾ+2ĕȇƾ¾ŀƏ�ŗ.��<$˳ǽ̊

2ĕȇƾ�̖�:-ˎŲȘŲ���E�īɀÉȇ,ǽŬÉȇ1ť@Ļ����1ȪƏJȴ�

*�PR (polarization ratio) , GR (spectral gradient ratio) ,�� 2(1ĶƾJŇɸ�F� 
 

 67'8 =
54 36; − 54 36<
54 36; + 54 36<  (4)!  

 >7?8@'8 =
54 36; − 54 06;
54 36; + 54 06;  (5)!  

�  
� ��+�Tb(36H), Tb(36V), Tb(06V)2ˎŲȘŲ+
E�6�362ĕȇƾJ�V�H2īɀÉȇ�

ǽŬÉȇJ"G#Gʕ��PR , GR2»'$ˎŲȘŲ1ĕȇƾ/C'*�˥ �È�ƅDGF� 
� PR 2˳ǽ̊,ȎǾĮJʹå�F$?/ȴ�DG�GR 2�ŭǾ,ĹŭǾJʹå�F$?/

ȴ�DGF�IJIS M�^�c�+2 GR06-36JÓ/�ŭǾ,ĹŭǾJöå�$�+�"G#G

/Œ�Fɩ̕ŷJȴ�*þ�JƪŇ�F�Fig. 2-4/ɋ�G*�F,�E�IJISM�^�c�
2 GR06-361È, ULS (Upward-Looking Sonar) /CFʣșm�g1˴/2�Ň1˵ÀƏ�ʝD
G$�ULS ,2UphË1õǫȎĮ1Ȏű/Àȹ�$�Ȏ��D�Đ�/̋ȇJȼŔ��ą
Ŕȇ1çˤǎ˴Jʡǡ�F�,+ȎǾþJʣș�Fʗɷ+
F�Ǯ˝,ʧɷĲƗ2 Fig. 2-5
/ɋ�*�F� 
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� "�*�IJISM�^�c�+2� 
 
 >7?8@'8 ≥ C−0.035 (6)!  
 
1ǎ2�ŭǾ� 
 >7?8@'8 < C−0.035 (7)!  
 
1ǎ2ĹŭǾ,��ɩ̕Ⱦ.ɱŸ�/CFäŇJ�*�$� 
 

 
Fig. 2-4 ULS+ʣș�G$ȎǾþ1 AMSR-E/CF PR/GR�,1àŦ[15] 

 

 
Fig. 2-5 ULS1Ǯ˝̙Ť̚,ʧɷĩȣ̙ċ̚[15] 
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� "1�+��ŭǾ/˵�*2�­�1ɩ̕ŷ� 
 
 

GHGICJKLMN[P] = 2.34 ∙ expC( 67'8 − 0.0019−0.0283 + 0.085) (8)!  

 
ĹŭǾ/˵�*2�­�1ɩ̕ŷ� 
 
 GHGICJKLMN[P] = 0.162 + 0.244 ∙ expC(−20.785 ∙ >7?8@'8) (9)!  
 
Jȴ�*�"G#G1ȎǾþJƪŇ�F� 
 
� <$�ȎǾ1ʕ̊�ȝ�*ǽ$<Eȫ1��n��o,Ė3GFȫƔ/.F,�ȎǾþ1

ƪŇɠŲ�ĻŪ/ʌ&*�<��"�+���n��o1ŎƩŲJ­�1ʣɜ/CEɜß��

��n��o1ŎƩŲ� 20%­�/.FZ�jo2�R��,�*ȎǾþ1ʣɜ1Œʻ�D
˹ĸ�F� 
 
 P[\N = (06< − 89;)/36< (10)!  
 P[\NC^_`^ = (P[\N − 0.1028)/(−0.0147) (11)!  
 
� <$�ȎǾŎƩŲ� 30%­�1ĩȣ@ʣɜ1Œʻ�D˹ĸ�F� 
� Fig. 2-62 2013ŭ 1Ǖ�D 12Ǖ<+ČǕ1 1ǈ1 IJISM�^�c�/CEȎǾþ1àŦJ
ɋ�*�F�Ƚ�˪à2��n��o/CFR���̗�˪à2ʓǌˉˣ/CFǫȣĕ˓1

ǳș+
F� 
 

 
2013ŭ 1Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 2Ǖ 1ǈ 

Fig. 2-6 IJISM�^�c�/CF 2013ŭČǕ1 1ǈ1ȎǾþàŦ[m]̙"1̜̚ 
 

m m 
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2013ŭ 3Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 4Ǖ 1ǈ 

 

 
2013ŭ 5Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 6Ǖ 1ǈ 

 

 
2013ŭ 7Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 8Ǖ 1ǈ 

Fig. 2-6 IJISM�^�c�/CF 2013ŭČǕ1 1ǈ1ȎǾþàŦ[m]̙"1̝̚ 
 

m m 

m m 

m m 
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2013ŭ 9Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 10Ǖ 1ǈ 

 

 
2013ŭ 11Ǖ 1ǈ� � � � � � � � � � � � � � 2013ŭ 12Ǖ 1ǈ 

Fig. 2-6 IJISM�^�c�/CF 2013ŭČǕ1 1ǈ1ȎǾþàŦ[m]̙"1̛̞ɧ̚ 
 

� �1Ĥ�D�ȎǾ1ʐʡǗ,.F 7 Ǖ�D 9 Ǖ<+1ȎǾþ/��n��o/CFR��
�Ĺ�ŀĨ�*�$�,�I�'$�"1�ʃȥ.˪à/CE�m�g1Ã̏Ə�¶�,ɻ

�$�C'*�ǚɇɕ+2ȎǾþm�gJ»ȴ�$˾/�7 Ǖ�D 9 Ǖ<+1m�gJ˹ĸ
�$� 
 
ŁɝʘǶ/(�* 
�  Fig. 2-72�ë˗1 IJISM�^�c�/C'*ȎǾþ, ULS/CFʣșÈ1ťJʕɋ�*
�F�"1ɪǣ�IJIS M�^�c�2 8 Ǖ�Dɹŭ 2 Ǖ<+1˴/�ȎǾþ�ˢĻʪ¿�3
Ǖ�D 7 Ǖ�ˢŖʪ¿/.'*�F�,�I�'$��1Łɝ/C'*Ķô�Fʰť/Œƍ
�F$?��ʦ1ŷJȴ�*ŁɝʘǶJʑ��ŁɝʘǶÈ̙season error̚, modified IJIS draft
JŇɸ�*�$[15]� 
 
 

m m 

m m 



 21 

 a_JbMb[JCGHGICJKLMN = GHGICJKLMN − c[Lc_`C[KK_K 

� � � � � � � � = GHGICJKLMN − (L ∙ Hde + f ∙ Hd' + ^ ∙ Hd) + J ∙ Hd + [) (12)!  

 

� � � gℎ[K[CHdCbcCHi\bL`CdLj, L`JCM_KClaI7 − m: 
L = −2.07×10@p, f = 1.40×10@8, ^ = −2.57×10@e, J = 8.33×10@', L`JC[ = −0.18 

� � � M_KClaI72: � � � � � � � � � � � �  

L = −1.02×10@p, f = 5.32×10@q, ^ = −3.53×10@r, J = −9.04×10@', L`JC[ = 0.60 

 

 

Fig. 2-7 IJISM�^�c�/CFȎǾþ, ULS+ʣș�$ȎǾþ,1ʰť[m] 
,"1ʘǶ˵ƾ[15] 

 

2.4.2.! ǩʩȴ1ȎǾþʠșm�g 
� ë˗1 IJISM�^�c�1ŁɝʘǶ2�Fig. 2-5̙ ċ̚/ɋ�G$ ULS�ŀĨ�*�FUp
hõË1õǫȎ1̉ũ/˷Ň�G$ɞģ1=ǩʩ�$�+ƭǦ�G$�:�1ĩȣ81ƍȴ

1Ċđ��ǋ+
F� 
� ǚɇɕ+2�ůɞģ+ IJIS M�^�c�/CFȎǾþ1ɠŲ�<$2ŁɝʘǶ1ƌʛƏJ
ǩʤ�F$?�CryoSat-2/SMOS Data Fusion[17]J»ȴ�$��G2 2010 ŭ/ǵŢŃņǲ˵
(ESA,  European Space Agency)�ƚ&��$ĩȰʠșʓǌ CryoSat-2/Ʋˍ�G$��h�̖
Ųʣ/CFʠșm�g, L-band�OY�ȇd�_�SMOS(Soil Moisture and Ocean Salinity)/
CFʠșm�g�Dʣɜ�$ȎǾþm�g�ʡÑŲ 25 km�Z�joƾ 720×720 1˟˴ŬĪ
m�g+
F�<$�5 Ǖ�D 9 Ǖ<+1˴/�m�g�ŀĨ�*�.��Fig. 2-8 2
CryoSat-2/SMOS Data Fusion/CF 2014ŭ 10Ǖ 20ǈ�D 26ǈ<+1�˟˴�ȎǾþ1ŬĪ
È1àŦJɋ�*�F� 
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Fig. 2-8 CryoSat-2/SMOS Data Fusion/CF 2014ŭ 10Ǖ 20ǈ�D1�˟˴1ŬĪȎǾþ[m] 
 

2.5.! Ǽʻm�g 

� ȎǾþJǿŇ�FʛĠ14,(/Ǽʻǝ¯�
F,ɻ�DGF�ǚɇɕ+2�Ǽʻʛɤ�

ȎǾþ/Œ�*-G%�ſ̌�*�F�ǩʤ�F$?�Ǽʻm�g,�* ECMWF(The 
European Centre for Medium-Range Weather Forecasts)[18]�ƭ½�*�FÛʡǡm�g
ERA-Interim �DǼȘ�̒˜m�gJÖƙ�ʡǡ/ȴ�$�m�g2ʡÑŲ 0.25°×0.25° (ǔ
Ļɢ 28 km)1Ǻǈm�g+
E�"1¼J Fig. 2-9/ɋ�G*�F� 
� ECMWF,2���jv 18�ĥJ�Ƌ,�*�6�ĥ1úïĥ,Ù/�ȸ�1Ǽʻm�g
�C5ĻǼȲĳm�gJƛ'*�Fǲ˵+
F�ECMWF +2ǈ��ĩȰ�1Čĩ/˫ɷ�
G*�Fɢ 1300 1Ǽʻʠșȴ1ǼȰAȎ�1ǼʻzO�ʠșJĿʥ�*�Fʉʈ�ʆɖǲ�

F�2Ǽʻʓǌ�DƅDGFʂĻ.Ǽʻm�gJÞȱ�ɮ�*�F[1]� 
 

 

Fig. 2-9 ERA-Interim/CF 2004ŭ 5Ǖ 1ǈ1 2 m̖Ų1ǼȘ[K]  

m 

K 
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ɚ3ə�ȎǾþ�Ǘ¤ș1ȜÍ 
 

3.1.! IJISM�^�c�/CFȎǾþm�g1ǩʩ 

3.1.1.! CryoSat-2/SMOS Data Fusion,1ǻˌ 
� IJISM�^�c�ȎǾþm�g, CryoSat-2/SMOS Data FusionČʃ1ȪƊ/C'*�ǩʩǗ
˴2 2012 ŭ�D 2016 ŭ<+1ȪŇ.Ǘ˴/.F�IJIS M�^�c�ȎǾþm�g2˟˴Ŭ
ĪÈJ,E�ųǰɡ,ʡÑŲ2 CryoSat-2/SMOS Data Fusion1ųǰɡ,ʡÑŲ/ĶǓ�$�
Fig 3-12 2012ŭ 10Ǖ�D 2013ŭ 10Ǖ<+1�ŭ˴��ɼ1ȎǾþàŦ1¼Jɋ�*�F�
<$�Fig 3-2̙Ť̚2 IJISM�^�c�1ȎǾþ4� CryoSat-2/SMOS Data Fusion1ťJɋ
�*�F� 
 

 
2012ŭ 10Ǖ 22ǈ�D 28ǈ<+1�˟˴ 

 

 
2012ŭ 11Ǖ 19ǈ�D 25ǈ<+1�˟˴ 

Fig. 3-1 IJISM�^�c�/CFȎǾþ[m]̙Ť̚ 
, CryoSat-2/SMOS/CFȎǾþ[m]̙ċ̙̚ "1̜̚ 

① ① 

② ② 

m 

m 
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2012ŭ 12Ǖ 17ǈ�D 23ǈ<+1�˟˴ 

 

 
2013ŭ 1Ǖ 14ǈ�D 20ǈ<+1�˟˴ 

 

 
2013ŭ 2Ǖ 18ǈ�D 24ǈ<+1�˟˴ 

Fig. 3-1 IJISM�^�c�/CFȎǾþ[m]̙Ť̚ 
, CryoSat-2/SMOS/CFȎǾþ[m]̙ċ̙̚ "1̝̚ 

③ 

④ 

⑤ 

③ 

④ 

⑤ 

m 

m 

m 
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2013ŭ 3Ǖ 18ǈ�D 24ǈ<+1�˟˴ 

 

 
2013ŭ 4Ǖ 8ǈ�D 14ǈ<+1�˟˴ 

 

 
2013ŭ 10Ǖ 21ǈ�D 27ǈ<+1�˟˴ 

Fig. 3-1 IJISM�^�c�/CFȎǾþ[m]̙Ť̚ 
, CryoSat-2/SMOS/CFȎǾþ[m]̙ċ̙̚ "1̛̞ɧ̚ 

⑥ 

⑦ ⑦ 

⑧ ⑧ 

m 

m 

m 

⑥ 
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2012ŭ 10Ǖ 22ǈ�D 28ǈ<+1�˟˴ 

 

 
2012ŭ 11Ǖ 19ǈ�D 25ǈ<+1�˟˴ 

 

 
2012ŭ 12Ǖ 17ǈ�D 23ǈ<+1�˟˴ 

Fig. 3-2 IJISM�^�c�/CFȎǾþ, CryoSat-2/SMOS/CFȎǾþ1ť[m] 
̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙ċ̚)̙"1̜̚ 

Season error = 0.809 

Season error = 0.808 

Season error = 0.543 

① 

② ② 

③ ③ 

① 
m 

m 

m 
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2013ŭ 1Ǖ 14ǈ�D 20ǈ<+1�˟˴ 

 

 
2013ŭ 2Ǖ 18ǈ�D 24ǈ<+1�˟˴ 

 

 
2013ŭ 3Ǖ 18ǈ�D 24ǈ<+1�˟˴ 

Fig. 3-2 IJISM�^�c�/CFȎǾþ, CryoSat-2/SMOS/CFȎǾþ1ť[m] 
̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙ċ̚)̙"1̝̚ 

Season error = 0.438 

Season error = 0.101 

Season error = -0.118 

④ ④ 

⑤ ⑤ 

⑥ ⑥ 

m 

m 

m 
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2013ŭ 4Ǖ 8ǈ�D 14ǈ<+1�˟˴ 

 

 
2013ŭ 10Ǖ 21ǈ�D 27ǈ<+1�˟˴ 

Fig. 3-2 IJISM�^�c�/CFȎǾþ, CryoSat-2/SMOS/CFȎǾþ1ť[m] 
̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙ċ̚)̙"1̛̞ɧ̚ 

�  
� ǻˌ1ɪǣ�ȎǾĮ1ɞģ/(�*2�ɼ�:;ď�%��CryoSat-2/SMOS data fusion2
IJISM�^�c�ȎǾþ/ǻ9*�þ� 0.2 m:-1ȎǾ�Ĺ�ʝDG$�"1ÿĠ2ȎǾþ
Jʣɜ�$˾/�CryoSat-2/SMOS data fusion2ȎǾŎƩŲ� 20%­�1ĩȣ1=ȴ�$[17]
��IJISM�^�c�1Ĳč2 30%­�1ĩȣ1=»ȴ�$[15]�<$�CryoSat-2/SMOS data 
fusion 2 IJISM�^�c�1��o��o/CFR��1�˪à̙ P20, Fig. 2-6 J̚þ� 0.2 m
1ȎǾ,ʝ.�$[17]� 
� ň˾/�ȯĨõǫʆˈJʆʑ�*�Fʉ/2�:,K-ɽǾʀïJƢ'*�F�Table 3-1
2ĥ˾ʉɣú²˞č(IACS, International Association of Classification Societies)�Ňɸ�$ǫĩǾ
Ȏʉ1˼ɣ(Polar Class)Jɋ�*�F�ʆʑĊʀ.ǾȄă5ǎǗ/CE PC1�D PC71 7Ǹ˼
/à̑��PC1�ǔ@Ā����1ʕ�D�˼ɣ� PC71ʉ2ĹŭǾ��˪ȑĨ�Fʏ��
ŭǾ̙0.3 m – 0.6 m̚�
FȎĮ/ʆʑ+�F�,�I�'$�Ƅ'*�þ� 0.2 m:-1Ȏ

Season error = -0.231 

Season error = 0.802 

⑦ ⑦ 

⑧ ⑧ 

m 

m 
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Ǿ1ǖȤ1ʰť2ɻ�.��<$�Ǿþ1āɻÈ�DʝF,�ȎǾþ1ƪŇʰť2 20 cm� � �
­�1ǅ���,ɻ�<�$� 
 

Table 3-1ǫĩǾȎʉ1˼ɣ,Œƍ1Ǿ1ȫȄ�Łɝ[6] 

Polar Class 
Ǿ1ȫȄă5Łɝ 

̙ʉ1Ǯ˝ʛ¯ɛJǿ?F�+1ȿń̚ 

Ǿþ1 
āɻÈ 

[cm] 

PC1 �9*1ǫĩ1Ǿ1ǽĮJ˛ŭʆʑ�Fʉ 350­� 
PC2 �ɑŲ1Ā��1ĹŭǾ�ŀĨ�FǾ1ǽ

ĮJ˛ŭʆʑ�Fʉ 
300-350 

PC3 ĹŭǾ��˪ȑĨ�F¦ŭǾ1�J˛ŭʆ

ʑ�Fʉ 
200-300 

PC4 ĹŭǾ��˪ȑĨ�Fþ��ŭǾ1�J˛

ŭʆʑ�Fʉ 
120-200 

PC5 ĹŭǾ��˪ȑĨ�F�ɑŲ1þ�1�ŭ

Ǿ1�J˛ŭʆʑ�Fʉ 
70-120 

PC6 ĹŭǾ��˪ȑĨ�F�ɑŲ1þ�1�ŭ

Ǿ1�JķŁĂ2ɎŁ/ʆʑ�Fʉ 
50-90 

PC7 ĹŭǾ��˪ȑĨ�Fʏ��ŭǾ1�Jķ

ŁĂ2ɎŁ/ʆʑ�Fʉ 
30-60 

 
� "�*þ�1àŦ/(�*2��ɼ1þ� 3 m:-1ĹŭǾ1àŦ2̑´�*�$��IJIS
M�^�c�ȎǾþ2 CryoSat-2/SMOS data fusionCEʏ��"�*ʰť2 10Ǖ�Dɹŭ1 4
Ǖ<+1˴/̙Fig 3-2①~⑦̚%K%KĴ�*�$�Ǿɴ˪à1�ŭǾ/(�*2�10Ǖ�
D 12Ǖ<+1˴/̙Fig 3-2①~③ �̚IJISM�^�c�ȎǾþ2 CryoSat-2/SMOS data fusion
CEþ��ˢĻʪ¿/.'*�F�,�I�'$�<$�1 Ǖ�D 4 Ǖ<+1˴/̙Fig 
3-2④~⑦ �̚i�YiȎ�ǟ`|��Ȏ���yS�nȎ1ȎǾþ2�IJIS M�^�c��
CryoSat-2/SMOS data fusionCEʏ�.'$�s Ŗʪ¿/.'*�F�,�I�'$�"�*�

:�1ŭ@ď�ÏĐ�=DG$�C'*�IJIS M�^�c�/CFȎǾþ2Łɝ/C'*ʰ
ť�Ķô�*�F�,�ɉ�/ŀĨ�*�F�,�I�'$� 
 
� Ǵ/�ǚɇɕ2ŁɝʘǶ/C'*ʰť2ȕŗ+�F�ǩʩ�$�Fig. 3-2̙P26, ċ̚2Łɝ
ʘǶJʑ'$ IJISM�^�c�ȎǾþ, CryoSat-2/SMOS data fusion1ťJɋ�*�F�Ĥ1
Ť�2"1ǎǗ1ŁɝʘǶÈ̙ season error J̚ʕɋ�*�F�ʘǶ.�1Ĳč̙ Fig. 3-2̙ Ť̚̚
,ǻ9F,�3Ǖ, 4ǕJ˹��ʰť2��'*Ĵ�$�,�I�'$� 
� Fig. 3-32 IJISM�^�c�/CFȎǾþ, CryoSat-2/SMOS data fusion1ȎǾþ1×Į1
Root Mean Square Error(RMSE)Jɋ�*�F��1Ĥ�D�ŁɝʘǶJʑ'$Ĳč�3Ǖ, 4
Ǖ1 RMSE2ʘǶ.�1ĲčCEŗ�ȕ'*�$��ǷE1Łɝ2Ĵ�$�,�I�'$�
Ȫ/ 10Ǖ�D 12Ǖ�ʘǶ/C'* RMSE2Ó1È1:; 1.5Æ/.'$� 
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2012ŭ 

 

 
2013ŭ 

 

 
2014ŭ 

Fig. 3-3 IJISM�^�c�ȎǾþ, CryoSat-2/SMOS/CFȎǾþ1 RMSE[m]̙"1̜̚ 
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2015ŭ  

 
2016ŭ 

Fig. 3-3 IJISM�^�c�ȎǾþ, CryoSat-2/SMOS/CFȎǾþ1 RMSE[m]̙ "1̝ ɧ̛̚ 
 

� "1ÿĠ2 10Ǖ�D 12Ǖ1ŁɝʘǶÈ2Ļ���F,ɻ�$�Fig. 3-42ŁɝʘǶJʑ'
$ 2013ŭ 11Ǖ 1ǈ1ȎǾþ1àŦJɋ�*�F�"1ǎǗ1ʘǶÈ2 0.827 m+
E�Ł
ɝʘǶ/C'*��ʃȥ.˪à2$��KŀĨ�*�$�,�I�'$� 
 

 

Fig. 3-4 ŁɝʘǶ/C'* 2013ŭ 11Ǖ 1ǈ1ȎǾþàŦ[m] 
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� Fig. 3-5 IJISM�^�c�1ŁɝʘǶÈ[m][15] 
 
� Fig. 3-52 11Ǖ 1ǈ(JD = 305)1ŁɝʘǶÈJɋ�*�F�AMSR-E1Ĳč2 0.262 m��
AMSR22 0.827 m+
F�ď�ǈ1ŁɝʘǶÈ2d�_�/CEĻ��Ȼ.'*�F�,�
I�'$�����AMSR-E1ʘǶ˵ƾ2 2002ŭ�D 2012ŭ<+̙ň˾2 2010ŭ<+̚1
8ŭ˴1m�g�D�AMSR22 2012ŭ�D 2014ŭ<+1 2ŭ˴1m�g�DƅDG$ɩ̕
ŷ+
F�AMSR22 AMSR-E,ďǯ1�OY�ȇƹŔʣ+
F[10]�,Jëƭ,�*�ǚɇ
ɕ+2�¦(1ʘǶ˵ƾ�Ȼ.'$ÿĠ2»ȴ�$m�gɯƾ1˥�,ɻ�$�C'*�ª

ğ2­�1ŁɝʘǶƙȆJƭǦ�F 
 

 a_JbMb[JCGHGICJKLMN = GHGICJKLMN − (0.8×tu + 0.2×t)) (13)!  
Y1: AMSR-E1ŁɝʘǶÈ�Y2: AMSR21ŁɝʘǶÈ 

 
� Fig 3-62ƭǦƙȆ/C'* 2013ŭ 11Ǖ 1ǈ1ȎǾþ1àŦJɋ�*�F�ɪǣ�D��
ʃȥ.˪à2ȕŗ�$�,�I�'$� 
 

0.827 

0.262 

305 
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Fig. 3-6ƭǦʘǶƙȆ/C'* IJISM�^�c�1ȎǾþ[m] 
 
� "�* Fig. 3-72 2012ŭ�D 2016ŭ<+�Čŭ1 10Ǖ, 11Ǖ1ŁɝʘǶ.�̙Ť �̚ʘ

Ƕ
E̙�̚,ªğƭǦ�$ƙȆ̙ċ̚"G#G/C'* IJIS M�^�c�ȎǾþ,
CryoSat-2/SMOS Data FusionȎǾþ1ʰťJɋ�*�F�Fig. 3-3̙P30̚2"G#G1 RMSE
Jɋ�*�F�ɪǣ�D�ƭǦ1ʘǶƙȆ/C'*�10Ǖ, 11Ǖ1õǟʆˈ�1ȎǾþ1ʰ
ťJȕŗ�$�,�I�'$�<$�×Į1 RMSE@ IJISM�^�c�1ŁɝʘǶƙȆCE
Ŗ��� 
 

 
 
 
 

Fig. 3-7 2012ŭ�D 2016ŭ<+Čŭ1 10Ǖ, 11Ǖ1 IJISM�^�c�ȎǾþ,
CryoSat-2/SMOS Data FusionȎǾþ1ť[m] 

̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙�̚,ƭǦƙȆ̙ċ̚)̙"1̜̚ 
 

20131101 

Season error = 0.375 

20121022-20121028 20121022-20121028 20121022-20121028 

-1     -0.8    -0.6    -0.4   -0.2     0      0.2    0.4     0.6    0.8      1  

m 
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Fig. 3-7 2012ŭ�D 2016ŭ<+Čŭ1 10Ǖ, 11Ǖ1 IJISM�^�c�ȎǾþ,

CryoSat-2/SMOS Data FusionȎǾþ1ť[m] 
̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙�̚,ƭǦƙȆ̙ċ̚)̙"1̝̚ 

20121119-20121125 

-1     -0.8    -0.6    -0.4   -0.2     0      0.2    0.4     0.6    0.8     1 [m] 

20121119-20121125 20121119-20121125 20121119-20121125 

20131021-20131027 20131021-20131027 20131021-20131027 

20131118-20131124 20131118-20131124 20131118-20131124 
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Fig. 3-7 2012ŭ�D 2016ŭ<+Čŭ1 10Ǖ, 11Ǖ1 IJISM�^�c�ȎǾþ,
CryoSat-2/SMOS Data FusionȎǾþ1ť[m] 

̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙�̚,ƭǦƙȆ̙ċ̚)̙"1̞̚ 
 

-1     -0.8    -0.6    -0.4   -0.2     0      0.2    0.4     0.6    0.8     1 [m] 

20141020-20141026 20141020-20141026 20141020-20141026 

20141117-20141123 20141117-20141123 20141117-20141123 

20151019-20151025 20151019-20151025 20151019-20151025 
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Fig. 3-7 2012ŭ�D 2016ŭ<+Čŭ1 10Ǖ, 11Ǖ1 IJISM�^�c�ȎǾþ,
CryoSat-2/SMOS Data FusionȎǾþ1ť[m] 

̙ŁɝʘǶ.�̙Ť �̚ŁɝʘǶ
E̙�̚,ƭǦƙȆ̙ċ̚)̙"1̛̟ɧ̚ 

20151116-20151122 20151116-20151122 20151116-20151122 

20161017-20161023 20161017-20161023 20161017-20161023 

20161114-20161120 20161114-20161120 20161114-20161120 

-1     -0.8    -0.6    -0.4   -0.2     0      0.2    0.4     0.6    0.8     1 [m] 
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3.2.! ¤ș/ȴ�FǕ1˧Ň 

� 2.4ɝ+˗9$,�E�IJISM�^�c�1ȎǾþm�g2 7Ǖ�D 9Ǖ<+1˴/��n
��o/CFR���$��KŀĨ�*�F1+��1Ǘ˴1ȎǾþm�g2»ȴ�.��

<$�Ǩ(2015)[11]2 ULS/C'*ʣș�G$ČǕ1ȎǾþ1Ɂ˵ƏJǩʩ�$�Fig. 3-82
"1ǩʩɪǣJɋ�*�F�"1�+ �4Ǖ, 9Ǖ�5Ǖ, 10Ǖ1ǿŇÀƾ̙Ɂ˵Àƾ1¦
 ̚�̖��,�I�'$�.��ë˗1ŁɝʘǶ/C'*�10Ǖ, 11Ǖ1ȎǾþ1ʰť2
«1ŁɝCEŖ���� "   
� ­�1ȱȶ+�ǚɇɕ+2 5Ǖ1ȎǾþm�gJȴ��10Ǖ1ȎǾþ1àŦJ¤ș�F�
,+
F� 
 

 
4Ǖ 5Ǖ 6Ǖ 7Ǖ 8Ǖ 9Ǖ 10Ǖ 11Ǖ 

 
4Ǖ 1.00 

      
 

 
5Ǖ 0.83 1.00 

     
 

 
6Ǖ 0.72 0.77 1.00 

    
 

 
7Ǖ 0.55 0.62 0.49 1.00 

   
 

 
8Ǖ 0.61 0.63 0.46 0.88 1.00 

  
 

 
9Ǖ 0.71 0.63 0.56 0.78 0.95 1.00 

 
 

 
10Ǖ 0.63 0.65 0.62 0.51 0.86 0.96 1.00 

 
11Ǖ 0.33 0.35 0.57 0.36 0.70 0.90 0.87 1.00 

Fig. 3-8 ČǕ1 ULS/CFþ�1Ɂ˵ʑâ[11] 
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ɚ4ə�ȎǾþàŦ1¤ș 
4.1.! ȎǾ,1˵À 

4.1.1.! ʣɜɞģ 
� ȎǾþm�g2�IJIS M�^�c�/C'*ɜß�$ÈJȴ�$�"�*ªğƭǦ�$Ł
ɝʘǶƙȆ/C'*ʘǶ�$�m�g1ʡÑŲ2 10 km%��ĹŭǾŧ/2þ� 20 m:-1
Z�jo���(�ʝDG*�$�C'*�ǚɇɕ+2ɦ��ɖ˴b[��1Ķô/2Ȉȿ

! �õǫȎ×·+1ȎǾþàŦJ¤șŒʻ,�F�ȎǾþm�g1ʡÑŲ2 50 km/ĶƮ
�*ȴ�$� 
� ʣɜǗ˴2 2003 ŭ�D 2016 ŭ+
E�©ţʓǌ1ɓÐǎǗ1˵À+m�g�ǳƱ�*�
F 2011 ŭ, 2012 ŭJ˹��12 ŭ˴1 5 Ǖ 1 ǈ, 10 Ǖ 1 ǈ1m�gJ»ȴ�$�ǩʩ/2
2017ŭ1m�gJ»ȴ�$� 
 

4.1.2.! ȤɁ˵ǩŇ � tǩŇ 
� Ǩ[10]2Ɂ˵àǡJʑ'$˾/�ȤɁ˵ǩŇJ»ȴ�.�'$��ʇ/�2 (1Ķƾ˴1Ɂ
˵Àƾ1ɬŒÈ� 0.2­�+
G3:,K-Ɂ˵�.�,���0.7­�
G3̖�Ɂ˵�

F,������.�D�_�{�ƾ�ŗ.�G3Ìȥ/C'*Ɂ˵Àƾ�̖�ÈJɋ��

,@
F��1$?�_�{�ƾJɻƕ�$��+ǹ̂ġ1Ɂ˵1ǖƒƏJäŇ�Fƌʛ�


F[19]�Fig 4.12ʣɜǗ˴1 12 ŭ˴/��F 10Ǖ 1ǈ1ȎǾþm�g1ƾ nJɋ�*�
F�ǚɇɕ+ȴ�$m�g1ƾ2ǔĻ 12Å��.�1+�ȤɁ˵ǩŇ1ňʑ�ƌʛ,ɻ�D
GF�C'*�ǚɇɕ+2ȤɁ˵ǩŇ1 tǩŇJʑ'$�  
 

 
Fig. 4-1 12 ŭ˴/��F 10Ǖ 1ǈ1ȎǾþm�g1ƾ n 

 
 
 
 
 

Å 
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� tǩŇ+2< ­�1ŷ�D tJɜß�F��
�

 
t = C K ` − 2

1 − K)  (14)!  

 
��+ r2Ɂ˵Àƾ�n2m�gƾ̙_�{�ƾ̚Jʕɋ�F�<$�n-22ʃȶŲ,Ė3G
F� 
� Table 4-12Ȼ.FǖƒǽȜ1 t1ĳȸÈJɋ�*�F�ǚɇɕ2ǖƒǽȜ 5%1ȤɁ˵ǩŇ
Jʑ'$�<$�ªğ2 t1ĳȸÈʕJ»�A��$?�ŷ̙14̚Jȴ�*ǖƒǽȜ 5̘ǎ1
Ɂ˵ÀƾǩŇʕ�Table 4-2�J<,?$�¦(1Ķƾ˴1Ɂ˵Àƾ1ɬŒÈ | r | �ʕ�1ƾ
È­�+
G3�"1Ɂ˵˵À�ǖƒ,ɻ�DGF� 
 

 Table 4-1 t1ĳȸÈ 

 
 

Table 4-2ǖƒǽȜ 5̘ǎ1Ɂ˵ÀƾǩŇʕ 

m�gƾ n r1ĳȸÈ 

3 0.9969 

4 0.9500 

5 0.8783 

6 0.8114 

7 0.7545 

8 0.7067 

9 0.6664 

10 0.6319 

11 0.6020 

12 0.5760 

 
 
 

ǖƒǽȜ 

n-2 
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4.1.3.! 5Ǖ1ȎǾþ,1˵À 
� 2�?/�5Ǖ, 10Ǖ1ȎǾþàŦ1ȪƊJʴ9$�Fig. 4-22ʣɜǗ˴1 12ŭ˴/��
F 5Ǖ 1ǈ̙Ť �̚, 10Ǖ 1ǈ̙ċ̚1ȎǾþ1ŬĪÈ1àŦJɋ�*�F� 
� Ĥ�D�5Ǖ 1ǈ1þ� 3 mɑŲ1ȎǾ�UphĹŞȎ1õË1ȎĮ/Ĺ�ŀĨ�*�$�
ɲŲ�̖�G3̖�:-�ȎǾ�CEþ�.F�,�I�'$�<$�õǟʆˈ,õʚʆˈ

�1ȎǾ1þ�2 1.6 m:-+
F� 
� 10Ǖ 1ǈ1ŬĪþ�àŦ�D�þ� 3 m­�1þ�ȎǾ�Z�����o1õË1ȎĮ/
ŀĨ�*�ƾ2 5 ǕCEŗ.��,�I�'$�<$�õǟʆˈ�1ȎǾ1þ�2 0.2 m :
-�ǵŢȃ�1õʚʆˈ�1ȎǾþ+2 0.6 m ­�1+��1ǎǗ/õǫʆˈJæȴ�F�
,�+�F,ɻ�$� 
 

 

Fig. 4-2 5Ǖ 1ǈ̙Ť̚, 10Ǖ 1ǈ̙ċ̚1ȎǾþ1 12ŭ˴1ŬĪÈ[m] 
 
� "�* Fig. 4-32 12ŭ˴/��FČŭ1 10Ǖ 1ǈ1ȎǾþ1ÉťJ�?�*�F�ɪǣ�
D�10 Ǖ 1 ǈ1ȎǾþàŦ2ŭ/C'*Ļ��Ķó�*�F�,�à�'$�¼�3 2004
ŭ2:;×Į1ȎǾ�ŬŭCEþ���2015ŭ1Ĳč2ʏ��,+
'$� 
 
 

m 
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2003ŭ� � � � � � � � � � � � � � � � � 2004ŭ 

 

 
2005ŭ� � � � � � � � � � � � � � � � � 2006ŭ 

 

 
2007ŭ� � � � � � � � � � � � � � � � � 2008ŭ 

Fig. 4-3 12ŭ˴/��F 10Ǖ 1ǈ1ȎǾþ1Éť[m]̙"1̜̚ 
 

m 

m 

m 
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2009ŭ� � � � � � � � � � � � � � � � � 2010ŭ 

 

 
2013ŭ� � � � � � � � � � � � � � � � � 2014ŭ 

 

 
2015ŭ� � � � � � � � � � � � � � � � � 2016ŭ 

Fig. 4-3 12˴/��F 10Ǖ 1ǈ1ȎǾþ1Éť[m]̙"1̛̝ɧ̚ 
 

m 

m 

m 



 43 

� Ǵ/�ğŨàǡJʑ��5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵˵ÀJɻő�$�Fig. 4-4̙ Ť̚
2ʣɜǗ˴1 12 ŭ˴/�ɼ1Ɂ˵ÀƾJɋ�*�F�̗ ��+ģ<G$���yS�nȎ�

ǟ`|��Ȏ,U�Ȏ1õË/�Ɂ˵Àƾ 0.5 :-1{�bɁ˵�Ĺ�ʝDG$�����
ȤɁ˵ǩŇJȴ�*ǖƒ.Z�jo1=Ơß�F,̙Fig. 4-4 ċ �̚Z�jo1ƾ2�.Eȕ

ŗ�$�,�ʝDG$�ǖƒ.Z�jo2Z�joɯƾ/Œ�Fíč2 7%:-�ǖƒ.Ɂ˵
˵À2
<EʝDG.�'$��.I&�5Ǖ1ȎǾþ2 10Ǖ1ȎǾþ/
<Eſ̌J��
.�,��F�"1ÿĠ2»ȴ�$m�g1ƾ�ŗ.��,, 5 Ǖ�D 9 Ǖ<+1ȎǾ2«
1ŁɝCE@Ļ��ˡó�*�F$?,ɻ�$� 
 

 

Fig. 4-4 12ŭ˴/��F 5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(n >= 3) 
,ǖƒ.Z�jo1=̙ċ̚ 

 

4.1.4.! ȎǾŎƩŲ,1˵À 
� ȎǾ1ŎƩŲ2Ļ��G3Ļ��:-�"1ĩĮ1ȎǾ�Ĺ�ŀĨ�F$?�ȎǾ�ʐʡ

�/��1+þ�@Ļ��,ɻ�$� 
� Fig. 4-52ʣɜǗ˴1 12 ŭ˴/��F 5Ǖ 1ǈ1ȎǾŎƩŲ, 10Ǖ 1ǈȎǾþ1Ɂ˵Àƾ
1àŦJɋ�*�F�ɪǣ�D�Ĺƾ1Z�jo/�OpbɁ˵�ʝDG$�,�I�'$�

Ȫ/UphĹŞȎõË1ȎĮ/ǖƒ.�OpbɁ˵JƢ(Z�jo�$��KŀĨ�*�$�

ǖƒ.Z�jo1íč2 5.53%�(<E 5Ǖ1ȎǾŎƩŲ2 10Ǖ1ȎǾþ/��$ſ̌2 5
Ǖ1ȎǾþCEź��,�I�'$�"1ÿĠ@»ȴ�$m�g1ƾ�ŗ.��,, 5 Ǖ�
D 9Ǖ<+1ȎǾ2«1ŁɝCE@Ļ��ˡó�*�F$?,ɻ�$� 
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Fig. 4-5 12ŭ˴/��F 5Ǖ 1ǈ1ȎǾŎƩŲ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(n>= 3) 
,ǖƒ.Z�jo̙ċ̚ 

 

4.2.! Ǽʻʛɤ,1˵À 

4.2.1.! ǼȘ,1˵À 
� �1 100ŭ˴+�õǫ1ǼȘ2��ȸ×·1ŬĪǼȘ1ɢ 2Æ1˜�+�Ǌ�*�F[20]�
"G/³��õǫȎ1ȎǾĮ̊ɔ/˲ǗȾ.ȕŗÏĐ�
F��ʇȾ/2ǼȘ�̖�,ȎǾ

�ʐʡ�A��,ɻ�DGF� 
� ǚɝ+2�10 Ǖ1ȎǾþ,ȎǾʐʡǗ̙5 Ǖ�D 9 Ǖ<+̚1ǼȘ,1˵ÀJɻő�F$
?/�ECWMF1 ERA-interim/CE Skin temperaturem�gJ»ȴ�$�<$�ǼȘm�g
1ųǰɡ,ʡÑŲ2 AMSRm�g1ųǰɡ,ʡÑŲ/ĶǓ�$� 
 
� < 2ǼȘ1àŦ1ȪƊJƝƯ�$�Fig. 4-62ʣɜǗ˴1 12 ŭ˴/��F 5Ǖ�D 9Ǖ
<+ČǕ1ŬĪǼȘJʕɋ�*�F�Ĥ�D�5 Ǖ1ȎǾĮ/��FŬĪǼȘ2 266~274 K
ɑŲ+
F�<$�6Ǖ�D 8Ǖ<+1ǼȘ2 278 K:-�5Ǖ/ǻ9*Ǒ�.'$�"�*
9Ǖ1ǼȘ1àŦ2 5Ǖ/̑´��8Ǖ/ǻ9*Ő�.'$� 
�  
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5Ǖ� � � � � � � � � � � � � � � � � � 6Ǖ 

 

 
7Ǖ� � � � � � � � � � � � � � � � � � 8Ǖ 

 

 
9Ǖ 

Fig. 4-6 12ŭ˴/��F 5Ǖ�D 9Ǖ<+ČǕ1ŬĪǼȘ[K] 
 

K 

K 

K 
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� Fig. 4-72ʣɜǗ˴1 12 ŭ˴/��FČŭ1 7Ǖ1ŬĪǼȘ1ÉťJɋ��Ĥ�D�ŭ/
C'*ǼȘ1Éť2- 0.5K�D 0.5 K�:; 0/.'$�,�à�'$� 

 

 
2003ŭ� � � � � � � � � � � � � � � � 2004ŭ 

 

 
2005ŭ� � � � � � � � � � � � � � � � 2006ŭ 

Fig. 4-7 12ŭ˴/��F 7Ǖ1ǼȘ1Éť[K]̙"1̜̚ 
 

K 

K 
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2007ŭ� � � � � � � � � � � � � � � � 2008ŭ 

 

 
2009ŭ� � � � � � � � � � � � � � � � 2010ŭ 

 

 
2013ŭ� � � � � � � � � � � � � � � � 2014ŭ 

Fig. 4-7 12ŭ˴/��F 7Ǖ1ǼȘ1Éť[K]̙"1̝̚ 
 

K 

K 

K 
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2015ŭ� � � � � � � � � � � � � � � � 2016ŭ 
Fig. 4-7 12ŭ˴/��F 7Ǖ1ǼȘ1Éť[K]̙"1̞�ɧ̚ 

 
� Ǵ/�ʐʡǗ̙5 Ǖ�D 9 Ǖ<+̚1ǼȘ, 10 Ǖ1ȎǾþ1Ɂ˵˵À/(�*ɻő�$�
Fig. 4-8 2ʣɜǗ˴1 12 ŭ˴/��F 5 Ǖ�D 9 Ǖ<+�"G#G1ǕŬĪǼȘ, 10 Ǖ 1
ǈ1ȎǾþ,1Ɂ˵Àƾ̙Ť̚,ǖƒ.Z�jo1=JƠß�$ɪǣ̙ċ̚Jɋ�*�F�

Table 4-32"G#G1ǖƒ.Z�jo1ƾ,"GJZ�joɯƾ/Œ�FíčJʕɋ�*�
F� 
 

 
5Ǖ 

Fig. 4-8 ʐʡǗ/��FČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(� >= 3) 
,ǖƒ.Z�jo̙ċ̙̚ "1̜̚ 

 

K 

① 
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6Ǖ 

 

 
7Ǖ 

 

 
8Ǖ 

Fig. 4-8 ʐʡǗ/��FČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(� >= 3) 
,ǖƒ.Z�jo̙ċ̙̚ "1̝̚ 

② 

③ 

④ 
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9Ǖ 
Fig. 4-8 ʐʡǗ/��FČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(� >= 3) 

,ǖƒ.Z�jo̙ċ̙̚ "1̛̞ɧ̚ 
 

Table 4-3 ǼȘ1Ĳč1ǖƒ.Z�jo1ƾ,"1íč 

Ǖ 
m�g�
F 
Z�joɯƾ/Å 

ǖƒ.Z�jo1ƾ/Å íč 

5Ǖ 2313 91 3.93% 

6Ǖ 2313 77 3.33% 

7Ǖ 2313 161 6.96% 

8Ǖ 2313 142 6.14% 

9Ǖ 2313 244 10.55% 

 
� ɪǣ�D� 
� 5Ǖ̙Fig 4-81①̚2�UphĹŞȎ1õË1ȎĮ/{�bɁ˵�ů�ʝDG�5Ǖ1Ǽ
Ș�̖�G3̖�:-�10Ǖ1ȎǾþ�þ�.F�,�I�'$�<$�Ż��OpbɁ˵
2:;��yS�nȎ/1=ʝDG�«1ȎĮ@:;ȤɁ˵$'%�"�*ǖƒ.Z�jo

JƠß�F,�íč2 3.93%�ǖƒ.Ɂ˵˵À2:,K-ʝDG.�'$�(<E�5Ǖ1Ŭ
ĪǼȘ2 10Ǖ1ȎǾþ/:,K-ſ̌J��.��,�I�'$� 
� 6Ǖ̙Fig 4-81②̚2�UphĹŞȎ/��(�1ǖƒ.Z�jo�ʝDG�:�1ȎĮ

1Ɂ˵Àƾ2:;ǖƒ+2.�'$�C'*�6Ǖ1ǼȘ, 10Ǖ1ȎǾþ,2Ɂ˵˵À�.
��,�I�'$� 
� 7Ǖ̙Fig 4-81③̚2�ů�ɞģ/{�bɁ˵�ʝDG$�Ȫ/��yS�nȎõË1M

�yLȎŠ,Z�����oõË1ȎĮ/2�ǖƒ.Z�jo�$��KàŦ�*�$�"

1{�bɁ˵/.FÿĠ2ʝ�%!.�'$�<$�ǖƒ.Z�jo1ƾ2 5 Ǖ, 6 Ǖ/ǻ
9*�:; 2Æ/.'$� 
 

⑤ 
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� 8Ǖ̙Fig 4-81④̚2�7Ǖ/´*�$�×Į2:;{�bɁ˵�ʝDG$�<$�ǖƒ
.Z�jo1ƾ2Ĺ�+2.�$?�7Ǖ1ǼȘ2 10Ǖ1ȎǾþ/
<Eſ̌�.��,�
I�'$� 
� 9Ǖ̙Fig 4-81⑤̚2�Z�����oõË1ȎĮJ˹��:;×Į/�OpbɁ˵�ʝ

DG$�,�/M�yLȎŠ/ǖƒ.�OpbɁ˵JƢ(Z�jo2ĹƾʝDG$�<$�

Ǿɴ˪à1ǟ`|��Ȏ/@ǖƒ.Z�joJàŦ�*�$�C'*�9 Ǖ1ŬĪǼȘ2 10
Ǖ1ȎǾþ/ſ̌J��$�,�I�'$� 
 

4.2.2.! ̒˜,1˵À 
� ̒,ȎǾ1ó�/(�*1˵À2C�ƣƳ�G*�F�̒2ȎǾJó���.̔óï,�

IG*�E�ȃŜĮAȎǾŎ̂ĮJ˹�$ĩĮ+2ȎǾ2ĩʔ̒1ɢ 0.8%�ɢ 8ºǎʣğEĐ
�ɐó�F[21]�ĩʔ̒,2�ǼħÏǂ,]�T�ï�˯Eč��(ƴƵï�Ð�.��ɖ/
��*ɛħɱ/ȃ'*Ŭʑ/Ĕ�ȱƑȾ.̒1�,Jƣ��(<E�̒2ȎǾJȼƽ�C5

Ćǜ�GF�,/CE�ȎǾ1þ�Jſ̌�*�F,ɻ�$�<$�¶ɲŲ�D1̒2�ʇ

Ⱦ/ǒ��1+ʐʡ/@ō��F,ɻ�DGF� 
� ǚɝ+2�10Ǖ1ȎǾþ,ʐʡǗ̙ 5Ǖ�D 9Ǖ<+ 1̒̚˜,1˵ÀJɻő�F$?/�

ECWMF1 ERA-interim/CE 10 m̖Ų̒m�gJ»ȴ�$�<$�̒˜m�g1ųǰɡ,
ʡÑŲ2 AMSRm�g1ųǰɡ,ʡÑŲ/ĶǓ�F� 
 
� < 2̒˜àŦ1ȪƊJɻő�$�Fig. 4-9̙ Ť 2̚ 2003ŭ�D 2016ŭ<+̙ 2011ŭ, 2012
ŭJ˹� 1̚ 12 ŭ˴/��F 5Ǖ�D 9Ǖ<+ČǕ1ŬĪ̒˜Jʕɋ�*�F�Fig. 4-9̙ ċ̚
2"1È1àŦJɋ��Ĥ�D�ȎǾĮ/��F̒˜1Ļ��2 7 ǕJ˹��:; 1~2 m/s
ɑŲ+
F�,�I�'$�7Ǖ1Ĳč2 0.6 m/s:-�:�1ŁɝCEŖ���<$�ŬĪ
̒Đ2�/UphĹŞȎ,Z�����o1ĹŭǾŧ�D�ŭǾŧ/Ĕ�*�$�,�I�

'$� 
�  

 

5Ǖ( 5 m/s) 
Fig. 4-9 12 ŭ˴/��F 5Ǖ�D 9Ǖ<+ČǕ1ŬĪ̒˜(m/s)̙Ť̚ 

m/s 
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,"1È̙ċ̙̚ "1̜̚ 
 

 
6Ǖ( 5 m/s) 

 

 
7Ǖ( 5 m/s) 

 

 
8Ǖ 

m/s 

m/s 

m/s 
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Fig. 4-9 12 ŭ˴/��F 5Ǖ�D 9Ǖ<+ČǕ1ŬĪ̒˜(m/s)̙Ť̚ 
,"1È̙ċ̙̚ "1̝̚ 

  
9Ǖ 

Fig. 4-9 12 ŭ˴/��F 5Ǖ�D 9Ǖ<+ČǕ1ŬĪ̒˜(m/s)̙Ť̚ 
,"1È̙ċ̙̚ "1̛̞ɧ̚ 

 
� "�*ČǕ1ÉťJƝƯ�$�Fig. 4-102Čŭ 7Ǖ1ŬĪ̒˜1Éť,"1ÈJɋ?�*
�F�Ĥ�D�7 Ǖ1ȎǾĮ/��FŬĪ̒˜��.EŖ��%��ŭ/C'*Éť2Ļ�
�Ķó�*�$�,�I�'$�,�/ 2003 ŭ1Éť2�.EĻ���2003 ŭ 7 Ǖ1ŬĪ
̒˜2���yS�nȎ/ǎʣğE1ȗ=$�.̒�ŀĨ�*�$��G/C'*�2003ŭ
10Ǖ+��yS�nȎ/ŬŭCEĹ�ȎǾ�ŀĨ�$ƪș�$��ň˾/2"���ǋɉ.
˵À�ʝDG.�'$� 

 

 
2003ŭ( 5 m/s) 

Fig. 4-10 12ŭ˴/��F 7Ǖ1̒˜1Éť(m/s)̙Ť̚,"1È̙ċ̙̚ "1̜̚ 
 

m/s 

m/s 
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2004ŭ( 5 m/s)  

 

  
2005ŭ( 5 m/s)  

 

 
2006ŭ( 5 m/s)  

Fig. 4-10 12ŭ˴/��F 7Ǖ1̒˜1Éť(m/s)̙Ť̚,"1È̙ċ̙̚ "1̝̚ 
 

m/s 

m/s 

m/s 
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2007ŭ( 5 m/s)  

 

  
2008ŭ( 5 m/s)  

 

 
2009ŭ( 5 m/s)  

Fig. 4-10 12ŭ˴/��F 7Ǖ1̒˜1Éť(m/s)̙Ť̚,"1È̙ċ̙̚ "1̞̚ 
 

m/s 

m/s 

m/s 
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2010ŭ( 5 m/s)  

 

 
2013ŭ( 5 m/s)  

 

 
2014ŭ( 5 m/s)  

Fig. 4-10 12ŭ˴/��F 7Ǖ1̒˜1Éť(m/s)̙Ť̚,"1È̙ċ̙̚ "1̟̚ 

m/s 

m/s 
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2015ŭ( 5 m/s) 

 

  
2016ŭ( 5 m/s) 

Fig. 4-10 12ŭ˴/��F 7Ǖ1̒˜1Éť(m/s)̙Ť̚,"1È̙ċ̙̚ "1̛̠ɧ̚ 
 

� Ǵ/�ʐʡǗ̙5Ǖ�D 9Ǖ<+̚1̒˜, 10Ǖ1ȎǾþ1Ɂ˵˵À/(�*ǩʤ�$�
Fig. 4-112ʣɜǗ˴1 12 ŭ˴/��F 5Ǖ�D 9Ǖ<+�"G#G1ŬĪ̒˜, 10Ǖ 1ǈ
1ȎǾþ1Ɂ˵Àƾ̙ Ť ,̚ǖƒ.Z�jo1=JƠß�$ɪǣ̙ ċ J̚ɋ�*�F�Table 4-4
2ČǕ1ǖƒ.Z�jo1ƾ,"1íčJ<,?$��  
 

m/s 

m/s 
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5Ǖ 

 

 
6Ǖ 

 

 
7Ǖ 

Fig. 4-11 ʐʡǗ/��FČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(n >= 3) 
,ǖƒ.Z�jo1=̙ċ̙̚ "1̜̚ 

① 

② 

③ 
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8Ǖ 

 

 
9Ǖ 

Fig. 4-11ʐʡǗ/��FČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚(n >= 3) 
,ǖƒ.Z�jo1=̙ċ̙̚ "1̛̝ɧ̚ 

 
Table 4-4 ̒˜1Ĳč1ǖƒ.Z�jo1ƾ,"1íč 

Ǖ 
m�g�
F 
Z�joɯƾ/Å 

ǖƒ.Z�jo1ƾ/Å íč 

5Ǖ 2313 140 6.05% 

6Ǖ 2313 107 4.63% 

7Ǖ 2313 125 5.40% 

8Ǖ 2313 170 7.35% 

9Ǖ 2313 125 5.40% 

 
 

④ 

⑤ 
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� ɪǣ�D� 
� 5Ǖ̙Fig 4-111①̚2�õǫȣ/˖�ȎĮ,�{lyȎõË1ȎĮ/2{�bɁ˵˵À�

Ĺ�ʝDG$��GD1ȎĮ/2̒˜2Ļ�G3Ļ��:-�10Ǖ1ȎǾþ�@',þ�.
F�5Ǖ1ŬĪ̒ĐàŦ̙P51, Fig. 4-9̚JāȦ�F,�"1ÿĠ2�{lyȎ1̒2Ļ˺�
DȎ/Ż�Ĕ�*�$1+�ȎǾ�Ćǜ�!�þ�.'$,ɻ�$�<$�ǖƒ.Z�jo

1íč2 6.05%�ǖƒ.Ɂ˵˵À2
<EʝDG.�'$��õǟʆˈ�/ǖƒ.Z�jo
�Ĺ�ŀĨ�*�$�,�I�'$� 
� 6Ǖ̙Fig 4-111②̚2�Ǿɴ˪à/�OpbɁ˵�Ĺ�=DG$�,�I�'$�õǫȣ

�DĽŬȉĐ�1ŬĪ̒˜̙P52, Fig. 4-9̚2�ȺĻ��1+�ȎǾ2ȼƽ�!*ʏ�.'$
,ɻ�$�<$�ǖƒ.Z�jo1íč2 5ǕCEŗ.��C'* 6Ǖ1̒˜2 10Ǖ1ȎǾ
þ/:,K-ſ̌J��.�,ɻ�$� 
� 7Ǖ̙Fig 4-111③̚1Ĳč2 6Ǖ1˚�i�YiȎ1õËJ˹�$Ǿɴ˪à/{�bɁ˵
�Ĺ�=DG$�"1ÿĠ2ʝß!.�'$� 
� 8Ǖ̙Fig 4-111④̚2�:;×Į/�OpbɁ˵�=DG$�,�/Z�����o1õ

Ë1ȎĮ/�ǖƒ.�OpbɁ˵�Ĺ�àŦ�*�$�8Ǖ1ŬĪ̒˜̙P52, Fig. 4-9̚Jā
Ȧ�F,�"1ÿĠ2 8 Ǖ1̒2�/UphĹŞȎ,Z�����oË�D�`MĻ˺1ǅ
Đ/Ĕ�*�$1+�ȎǾ2ȼƽ�!�ʏ�.'$,ɻ�$�ǖƒ.Z�jo1íč2 5 Ǖ
�D 9Ǖ<+1˴/�ȺĻ���,�I�'$�C'*�8Ǖ1̒˜2 10Ǖ1ȎǾþ/�Ň
.ſ̌J��$,ɻ�$� 
� 9Ǖ̙Fig 4-111⑤̚1àŦ2 6Ǖ/´*�F�ǖƒ.Z�jo1ƾ2Ĺ�+2.�1+�
10Ǖ1ȎǾþ,2:,K-˵À.�,ɻ�$� 
 

4.3.! ˬɁ˵àǡ 

� ­�CE�ü�ʛɤ2 10Ǖ1ȎǾþ/
<Eſ̌J��.�'$�,�I�'$� 
� "�+ǚɝ+2 10Ǖ1ȎǾþ2 5Ǖ1ȎǾm�g,Ǽʻm�g�D�ʙƾ1ʛɤJʱǋ�
F�,�+�F�ɻő�$�ɻő/2ˬɁ˵àǡJʑ'$�Ɂ˵1Ż�2ˬɁ˵ÀƾJȴ�

�*ʪ¿�$�ˬɁ˵Àƾ,��12�ʙƾ1ĶƾJɀɱ1ŷ+ʕ�*ɱŽɪč�$È,«

1
FĶƾ1È,1Ɂ˵Àƾ1�,�0�D 11˴1ÈJćE�1/˖�:-àǡ1ɠŲ2̖
�,ʢ�F[22]�­�1ŷCEʣɜ�F� 
 

 

7 = 1 − IIwxyIIz{z = 1 − M| − j| )|
j| − j )|

 (15)!  

 
� ��+�R2ˬɁ˵Àƾ�y2ʠșÈ�f2ğŨǅɑŷCFƪŇÈJʕ��IIwxy2ǷťŬǅ
ė(residual sum of squares),Ė3G�m�g,ƪŇ�m�,1˴1��ʄJʪ¿�FŘŲ+

F�Ŗ��È2m�g/Œ�*�m��6'$E,yNjn�*�F�,ɋ�*�F�IIz{z2
ɯŬǅė(total sum of squares)�ʠșÈ1àƽJʕ�ŘŲ+
F� 
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� <$�ˬɁ˵Àƾ R1Ŭǅ R22ǿŇÀƾ,Ė3G�ȬɘĶƾ̙ʱǋĶƾ̚�ƄřĶƾ̙ʖ

ʱǋĶƾ̚1-G�D�Jʱǋ+�F�Jʕ�È+
F�ō�Ȯ,Ė3GF�,@
F[23]� 
 
ˬɁ˵˵À1ǖƒƏJǩʩ�F$?�FǩŇJʑ'$�FǩŇ2ȤɁ˵ǩŇǅȆ1�(�t

ǩŇ/´*�F�tǩŇ2ƄřĶƾ��(��.�ǎ/»�F��FǩŇ2ʙƾ1ƄřĶƾ�

FĲč@Œƍ+�F�Table 4-52ǖƒǽȜ� 5%ǎ1 F1ĳȸÈJ<,?$�F2­�1ŷC
Eʣɜ�F� 
 

 } = IIwxy/`
IIwx~/(` − P − 1) (16)!  

� ��+�n 2ʠșÈ1ƾ�(<Em�gƾ�n-m-1 2ʃȶŲ,Ė3G�m 2ƄřĶƾ1ƾ�
m =11Ĳč2�F = t2�FǩŇ, tǩŇ2:;ď�ʪ¿òǣJƢ'*�F�FÈ�ʕ�1ƾÈ
­�+
G3�"1Ɂ˵˵À�ǖƒ+
F� 
 

 Table 4-5 ǖƒǽȜ� 5%ǎ1 F1ĳȸÈ 
 
 
 
 
 
 
 
 
 
 

 
 

4.3.1.! 5Ǖ1ȎǾþ�ǼȘ, 10Ǖ1ȎǾþ,1˵À 
� Fig. 4-12̙ Ť 2̚ 5Ǖ 1ǈ1ȎǾþ, 5Ǖ�D 9Ǖ<+ČǕ1ŬĪǼȘ"G#G1ƄřĶƾ
,�*�10 Ǖ1ȎǾþJɻ�$Ĳč1ˬɁ˵Àƾ1àŦJɋ�*�F�F ǩʩ/C'*ǖƒ
.Z�joJƠß�$ɪǣ2 Fig. 4-12̙ċ̚/ɋ�*�F�Table 4-6/"G#Gǖƒ.Ɂ˵
˵ÀJƢ(Z�jo1íčJ<,?$� 
 

ƄřĶƾ1ƾ m ǖƒǽȜ: 5% 
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5Ǖ 1ǈ1ȎǾþ�5Ǖ1ŬĪǼȘ 

 

 
5Ǖ 1ǈ1ȎǾþ�6Ǖ1ŬĪǼȘ 

 

 
5Ǖ 1ǈ1ȎǾþ�7Ǖ1ŬĪǼȘ 

Fig. 4-12 5Ǖ 1ǈ1ȎǾþ�ʐʡǗ/��FČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ 
1ˬɁ˵Àƾ̙Ť̚(n >= 4),ǖƒ.Z�jo̙ċ̙̚ "1̜̚ 
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5Ǖ 1ǈ1ȎǾþ�8Ǖ1ŬĪǼȘ 

 

 
5Ǖ 1ǈ1ȎǾþ�9Ǖ1ŬĪǼȘ 

Fig. 4-12 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1ˬɁ˵Àƾ̙Ť (̚n >= 4)
,ǖƒ.Z�jo̙ċ̙̚ "1̝̚ 

 
Table 4-6 Ȼ.FȫȄ1ǖƒ.Z�jo1íč 

Ǖ ȫȄ	
 1íč ȫȄ�1íč ȫȄ�1íč 

5Ǖ 7.00% 3.93% 4.90% 

6Ǖ 
 

3.33% 5.42% 

7Ǖ 
 

6.96% 8.74% 

8Ǖ 
 

6.14% 5.47% 

9Ǖ 
 

10.55% 8.64% 

ȫȄ	
 : 5Ǖ 1ǈ1ȎǾþ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 
ȫȄ�: ČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 
ȫȄ�: 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 

�  
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� ɪǣ�D�ˬɁ˵ğŨ/C'*×·1Ɂ˵Àƾ��Ǌ�$��7ǕJ˹��ǖƒ.Z�j
o1íč2ü�ƄřĶƾJɻ�$ĲčCEŖ��.'$�,�I�'$�"1ÿĠ/(�*

ɻőJʑ'$��

� Fig. 4-13̙ Ť 2̚ 5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ1àŦJɋ�*�F�"�* Fig. 
4-13̙ċ̚2 5Ǖ�D 9Ǖ<+ČǕ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ1àŦJɋ�
*�F���+�ǻˌ�A��$?�Ɂ˵Àƾ1ɬŒÈJ,'$�Fig. 4-12,ǻ9F,�ˬ
Ɂ˵Àƾ2¦(1Ɂ˵Àƾ1ˆ�ɜ=$�.@1+
F�¼�3 5Ǖ/ AZ�jo̙Fig.  
4-17①̗�ȣ�x=100, y=101 ̚1 5Ǖ, 10Ǖ1ȎǾþ1Ɂ˵Àƾ2 0.5629�5Ǖ1ŬĪǼȘ
, 10Ǖ1ȎǾþ1Ɂ˵Àƾ2 0.4635�"�*ˬɁ˵Àƾ2 0.6819�BZ�jo̙Fig. 4-12②
Ƚ�ȣ�x=89, y=102 ̚1 5Ǖ, 10Ǖ1ȎǾþ1Ɂ˵Àƾ2 0.5778�5Ǖ1ŬĪǼȘ, 10Ǖ
1ȎǾþ1Ɂ˵Àƾ2- 0.0121�"�*ˬɁ˵Àƾ2 0.5865�(<E�Ɂ˵Àƾ�,@/̖�
Z�jo̙AZ�jo̚2ˬɁ˵ğŨ/C'*�CE̖�.F�Ɂ˵Àƾ�¶�Z�jo,
̖�Z�jo1ɨ=čI!1Ĳč̙BZ�jo̚2�ˬɁ˵Àƾ2̖�È,ǻ9�
<EĴ
�.��"1ɪǣ�ˬɁ˵Àƾ2ëCE
<E�Ǌ�.�'$Ĳč2̙¼� Bĩȣ �̚FǩŇ
1įȜ/C'*ȤɁ˵,äǃ�$� 
 

�

5Ǖ1ȎǾþ, 10Ǖ1ȎǾþ� � � � � � � 5Ǖ1ŬĪǼȘ, 10Ǖ1ȎǾþ 
Fig. 4-13 5Ǖ 1ǈ1ȎǾþ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚ 

5Ǖ�D 9Ǖ<+ČǕ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙ċ̚(n >= 3)̙"1̜̚ 
 
 

A A B 
B 
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�

5Ǖ1ȎǾþ, 10Ǖ1ȎǾþ� � � � � � � 6Ǖ1ŬĪǼȘ, 10Ǖ1ȎǾþ 
�

�

5Ǖ1ȎǾþ, 10Ǖ1ȎǾþ� � � � � � � 7Ǖ1ŬĪǼȘ, 10Ǖ1ȎǾþ 
�

�

5Ǖ1ȎǾþ, 10Ǖ1ȎǾþ� � � � � � � 8Ǖ1ŬĪǼȘ, 10Ǖ1ȎǾþ 
Fig. 4-13 5Ǖ 1ǈ1ȎǾþ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚ 

5Ǖ�D 9Ǖ<+ČǕ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙ċ̚(n >= 3)̙"1̝̚ 
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�

�

5Ǖ1ȎǾþ, 10Ǖ1ȎǾþ� � � � � � � 9Ǖ1ŬĪǼȘ, 10Ǖ1ȎǾþ 
Fig. 4-13 5Ǖ 1ǈ1ȎǾþ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙Ť̚ 

5Ǖ�D 9Ǖ<+ČǕ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ̙ċ̚(n >= 3)̙"1̛̞ɧ̚ 
 

4.3.2.! 5Ǖ1ȎǾþ�̒˜, 10Ǖ1ȎǾþ,1˵À!
� Fig. 4-14̙Ť̚2 5Ǖ 1ǈ1ȎǾþ, 5Ǖ�D 9Ǖ<+ČǕ1ŬĪ̒˜1ƄřĶƾ,�*�
10Ǖ1ȎǾþJɻ�$Ĳč1ˬɁ˵Àƾ1àŦJɋ�*�F�Table 4-72"G#Gǖƒ.Ɂ
˵˵ÀJƢ(Z�jo1íčJ<,?$� 
 

 
5Ǖ 1ǈ1ȎǾþ�5Ǖ1ŬĪ̒˜ 

Fig. 4-14 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1ˬɁ˵Àƾ̙ Ť (̚m >= 4)
,ǖƒ.Z�jo̙ċ̙̚ "1̜̚ 
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5Ǖ 1ǈ1ȎǾþ�6Ǖ1ŬĪ̒˜ 

 

 
5Ǖ 1ǈ1ȎǾþ�7Ǖ1ŬĪ̒˜ 

 

 
5Ǖ 1ǈ1ȎǾþ�8Ǖ1ŬĪ̒˜ 

Fig. 4-14 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1ˬɁ˵Àƾ̙ Ť (̚m >= 4)
,ǖƒ.Z�jo̙ċ̙̚ "1̝̚ 
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5Ǖ 1ǈ1ȎǾþ�9Ǖ1ŬĪ̒˜ 

Fig. 4-14 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1ˬɁ˵Àƾ̙ Ť (̚m >= 4)
,ǖƒ.Z�jo̙ċ̙̚ "1̛̞ɧ̚ 

 
Table 4-7 Ȼ.FȫȄ1ǖƒ.Z�jo1íč 

Ǖ ȫȄ	
 1íč ȫȄ�1íč ȫȄ�1íč 

5Ǖ 7.00% 6.05% 7.15% 

6Ǖ 
 

4.63% 6.10% 

7Ǖ 
 

5.40% 6.96% 

8Ǖ 
 

7.35% 9.41% 

9Ǖ 
 

5.40% 6.39% 

ȫȄ	
 : 5Ǖ 1ǈ1ȎǾþ, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 
ȫȄ�: ČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 
ȫȄ�: 5Ǖ 1ǈ1ȎǾþ�ČǕ1ŬĪ̒˜, 10Ǖ 1ǈ1ȎǾþ1Ɂ˵Àƾ 

 
� ɪǣ�D�8 ǕJ˹��ǖƒ.Ɂ˵˵ÀJƢ(Z�jo1íč2
<EĴ�.�'$�,
�I�'$��

�

4.3.3.! 5Ǖ1ȎǾþ�ȎǾŎƩŲ, 10Ǖ1ȎǾþ,1˵À!
� Fig. 4-152 5Ǖ 1ǈ1ȎǾþ�ŎƩŲ, 10Ǖ1ȎǾþ1ˬɁ˵Àƾ1àŦJɋ�*�F�
ǖƒ.Z�jo2×Į/u�u�àŦ�*�$��"1íč2 6.11%�
<EĻ��+2.
�'$� 
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Fig. 4-15 5Ǖ 1ǈ1ȎǾþ�ŎƩŲ, 10Ǖ1ȎǾþ1ˬɁ˵Àƾ̙n >= 4̚ 

 

4.4.! ȎǾþàŦ¤ș!

� ­�CE�ʙƾ1ʛɤJȴ�*ˬɁ˵ğŨJʑ'$ɪǣ�ǖƒ.Z�jo1íč2ƌ �

@Ĵ�.��,�I�'$�����õǫʆˈ�1ǖƒ.Z�jo1ƾ,Ɂ˵ÀƾJĴ�F

�,�+�F� 
� Fig. 4-16̙ Ť 2̚ 5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1ǖƒ.Z�jo1àŦJɋ�*�F�Fig. 
4-16̙ċ̚2 5Ǖ 1ǈȎǾþ, 9Ǖ1ŬĪǼȘ1ƄřĶƾ,�*�10Ǖ 1ǈ1ȎǾþɻ�$
Ĳč1ǖƒ.Ɂ˵Àƾ1àŦJɋ�*�F�ˬɁ˵ğŨ/C'*�̗��+ģ<G$˪à�

õʚʆˈ�1��yS�nȎ,UphĹŞȎ/��Fǖƒ.Z�jo1ƾ2ŗ�Ĵ�Fďǎ

/�Ɂ˵Àƾ@Ĵ�$� 
� Fig. 4-17̙ ċ 2̚ 5Ǖ 1ǈȎǾþ, 5Ǖ1ŬĪ̒˜1ɨ=čI!1Ĳč1ǖƒ.Ɂ˵Àƾ1
àŦJɋ�*�F�ˬɁ˵ğŨ/C'*�̗��+ģ<G$˪à�õǟʆˈ�1�{lyȎ

/��Fǖƒ.Z�jo1ƾ2Ĵð�$�,�I�'$� 
 

 
Fig. 4-16 5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1ǖƒ.Ɂ˵Àƾ̙Ť̚, 

5Ǖ 1ǈ1ȎǾþ�9Ǖ1ŬĪǼȘ, 10Ǖ 1ǈ1ȎǾþ1ǖƒ.Ɂ˵Àƾ̙ċ̚ 
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Fig. 4-17 5Ǖ 1ǈ, 10Ǖ 1ǈ1ȎǾþ1ǖƒ.Ɂ˵Àƾ̙Ť̚, 
5Ǖ 1ǈ1ȎǾþ�5Ǖ1̒˜, 10Ǖ 1ǈ1ȎǾþ1ǖƒ.Ɂ˵Àƾ̙ċ̚ 

 
� ��+��1¦(1ɪǣJȴ�*¤șJʑ'$�5 Ǖ 1 ǈȎǾþ, 9 Ǖ1ŬĪǼȘJȴ�
$ƙȆ2ƙȆ��5Ǖ 1ǈȎǾþ, 5Ǖ1ŬĪ̒˜Jȴ�$ƙȆ2ƙȆ¦,Ė7� 
� ƙȆ�2 2017ŭ 9Ǖ1ŬĪǼȘm�g�ƌʛ+
F�5Ǖǎȣ+ 9Ǖ1ǼʻʛɤJ¤ș�
F�,2̉ũ/Ģ̅+
F�����ë˗1ȎǾĮ/��FǼȘ1ŭ/C'*Éť2Ŗ��

$?�ŬĪÈJȴ�G3�
FɑŲ¤ș�F�,�+�F,ɻ�$�ȎǾĮ1ɞģ2�Kimura
1ƙȆ[9]�D¤ș�$ 2017ŭ 10Ǖ 1ǈ1ȎǾĮ,�*�"1ÚË1È1=»ȴ�$�"�
*¤ș1ɪǣ2 Fig. 4-18/ɋ�*�F�Fig. 4-192¤șÈ,ʠșÈ1ʰťJɋ�� 
  

 

Fig. 4-18 ƙȆ�+¤ș�$ 2017ŭ 10Ǖ 1ǈ1ȎǾþ1àŦ[m]̙Ť̚ 
, 2017ŭ 10Ǖ 1ǈ1ȎǾþ1ʠșÈ[m]̙ċ̚ 

 

m 
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Fig. 4-19 ƙȆ�/CF¤ș�$ 2017ŭ 10Ǖ 1ǈ1ȎǾþ,ʠșÈ1ʰť[m] 
 
� ɪǣ�D�þ� 3 m­�1ȎǾ/(�*2�¤șɪǣ2ʠșCEĹ��,�I�'$�̗
��+ģ<G$õʚʆˈ�1��yS�nȎ1ȎǾþʰť2 0.3 m:-�õǟʆˈ�1�{
lyȎ1ʰť2- 0.6 m:-+
F�<$�×Į1 RMSE(Root Mean Square Error)2 0.7149 m
+
F� 
 
� ƙȆ¦1ɪǣ2 Fig. 4-20/ɋ�*�F�Fig. 4-212"G,ʠșÈ,1ʰťJɋ�� 
 

 

Fig. 4-20 ƙȆ¦/CF¤ș�$ 2017ŭ 10Ǖ 1ǈ1ȎǾþ1àŦ[m]̙Ť̚ 
, 2017ŭ 10Ǖ 1ǈ1ȎǾþ1ʠșÈ[m]̙ċ̚ 

 

m 

m 
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Fig. 4-21 ƙȆ¦/CF¤ș�$ 2017ŭ 10Ǖ 1ǈ1ȎǾþ,ʠșÈ1ʰť[m] 
 
� ɪǣ�D�þ� 3 m­�1ȎǾ2ƙȆ�CEŗ.��ʠș/@',�ʄ�*�F�,�I
�'$�õʚʆˈ�1��yS�nȎ,UphĹŞȎ/��Fʰť2 0.6 m:-�ƙȆ�C
E̖���õǟʆˈ/(�*2̗��+ģ<G$˪à1ʰť2-0.3 m�D 0.4 mɑŲ+
F�
<$�RMSE2 0.6755 m+
F� 
� Table 4-82¦(1ƙȆ,Ôʑɇɕ1Ǩ1ƙȆ[10]"G#G1 RMSEJ<,?$��1ʕ�
D�ƭǦƙȆ1ʰť2ÔʑɇɕCEȕŗ�$�,�I�'$�Ȫ/ƙȆ 2�RMSE2�ȺŖ�
�+
E�õǟʆˈ�1ʰť@¶�+
F� 
 

Table 4-8 ƙȆ/C'* RMSE1ǻˌ 

¤șƙȆ RMSE(Root Mean Square Error)/m 

ǨƙȆ 0.7976 

ƙȆ 1 0.7149 

ƙȆ 2 0.6755 

 
 
 
 
 
 
 
 
 
 
 
 

m 
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ɚ5ə�ɪʶ 
 

5.1.! <,?,ɻő 

� ǚɇɕ+2�©ĉʓǌƲˍ1�OY�ȇƹŔʣ AMSR-E, AMSR21ˎŲȘŲm�gJȴ
�$ȎǾþƪŇM�^�c�̙IJIS M�^�c�̚1ǩʩJʑ'$�"�*�ķŁ1õǫȎ
1ȎǾþ1àŦ,ǍŁ,ȎǾþ�<$2ʐʡǗ/��FǼʻʛɤɛ,1˵À/(�*ʡǡ�

$�ǔƃ2ʡǡ1ɪǣ/C'*�ķŁ1õǫȎ/��FȎǾþ1àŦ1¤șJʫ=$�­��

ƖǣJ<,?F� 
 
IJISM�^�c�/CFȎǾþ1ɠŲ1ǩʩ 
� CryoSat-2/SMOS data fusion/CFȎǾþm�gJȴ��ůɞģ+ IJISM�^�c�ȎǾþ
m�g,1ǻˌ1ɪǣ�Ǿɴ˪à1ȎǾþ1ʰť2Łɝ/C'*Ķô�F�,�I�'$�

"�*M�^�c��ƭ½�$ŁɝʘǶ1˦áƏJǩʤ�$�+�õǫʆˈ�1ȎǾþ1ʰ

ťJȕŗ+�FʘǶƙȆJƭǦ�$� 
�  
Ɂ˵àǡ 
� 5Ǖ1ȎǾm�g, 5Ǖ�D 9Ǖ<+1ǼȘ�̒˜m�gJȴ��"G#G, 10Ǖ1ȎǾ
þ,1Ɂ˵˵ÀJɻő�$�ȤɁ˵ǩŇJʑ�,�×ʇ/ǖƒ.Z�jo1ƾ2
<EĹ�

+2.�'$�"1ÿĠ2»ȴ�$m�g1ƾ�ŗ.��,, 5 Ǖ�D 9 Ǖ<+1ȎǾ2«
1ŁɝCE@Ļ��ˡó�*�F$?,ɻ�$�����"1�+ 9Ǖ1ǼȘ, 10Ǖ1ȎǾ
þ2ůɞģ/ʼ1Ɂ˵�ʝDGF��.I&�9 Ǖ1ǼȘ�̖�,�10 Ǖ1ȎǾþ�ʏ�Ï
Đ�
F� 
 
ˬɁ˵àǡ 
� 10 Ǖ1ȎǾþ2ü�ʛɤ�D�<�ʱǋ+�.�$?�ǚɇɕ+2 10 Ǖ1ȎǾþ2 5 Ǖ
1ȎǾm�g, 5 Ǖ�D 9 Ǖ<+1Ǽʻm�g1ʙƾ1ʛɤ�Dʱǋ�F�,�+�F�ɻ
ő�$�"1ɪǣ�ˬɁ˵ğŨ/C'*�ǖƒ.Ɂ˵ÀƾJƢ(Z�jo1ƾ2ɯƾ,�*

2ƌ �@Ĵ�.���õǫʆˈ�1ǖƒ.Z�jo1ƾ2Ĵ�$�5 Ǖ 1 ǈ1ȎǾþ, 9
Ǖ1ǼȘ1ƄřĶƾ,�* 10Ǖ1ȎǾþJɻ�$Ĳč�õʚʆˈ�1ǖƒ.Z�jo1ƾ�
Ĵ�$�<$�5 Ǖ 1 ǈȎǾþ, 5 Ǖ1̒˜1Ĳč2�õǟʆˈ�1ǖƒ.Z�jo1ƾ�
Ĵ�$� 
 
ȎǾþ¤ș 
� ˬɁ˵àǡ1ɪǣJȴ�*�2017 ŭ1 5 Ǖ 1 ǈ1ȎǾþm�g, 2017 ŭ 5 Ǖ1̒˜m�
gJȴ�* 10Ǖ 1ǈ1ȎǾþàŦJ¤ș�$�"1ɪǣ�¤ș�$ȎǾþàŦ2ʠșÈ,ǻ
9*ǭ0�ʄ�*�F�Ȫ/õǟʆˈ�1ȎǾþ1ʰť�Ŗ���×Į1 RMSE2Ôʑɇɕ
1Ǩ1ƙȆ[10]CEŖ���,�I�'$� 
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5.2.! ªƃ1ʳ̐ 

� ǚɇɕ+2 IJIS M�^�c�/CFȎǾþm�gJ»ȴ�$���1M�^�c�/2<
%ƷĜ1¹ĩ�
F,ɻ�DGF�Ȫ/Łɝ/C'*Ķô�Fʰť1ʘǶ2×ȎĮ/ď�È

Jȴ�*ʘǶ�F12�˦á,ɻ�DGF�ǚɇɕ+ƭǦ�$ʘǶƙȆ2õǫʆˈ�1ȎǾ

þ1ʰťȕŗJȿȾ,�*�$��:�1ȎĮ1ȎǾþ1ɠŲJÂʩ+�.��ªƃ�ȎĮ

å@��2ǼȘ.-1ǼʻʛɤJÓ/�FʘǶ�ǗƂ�GF� 
� ªğ2 2002~2016ŭ�ǳșŭJ˹� 12ŭ˴/��Fm�gJȴ�*ʡǡJʑ'$��ʡǡ
ŒʻǗ˴�Ʌ�,��ě̐ȣ�
F�ªƃ@ʓǌʠș�ƌʛ+
F� 
� Ǽʻʛɤ1¤ș2̅��$?�ȎǾþ1¤ș/2 5Ǖ1m�g,Ǽʻʛɤ1ŬĪÈJ»ȴ
�$�ªƃ�Ǽʻʛɤ�¤ș+�F.D�ȎǾþ1¤șɠŲ@̖?F%H�� 
� <$�ʡǡ/2ȎǾ1ȟȌ˜Ųm�gJ»ȴ�.�'$�"1ÿĠ2ȯǎȣ1ȎǾʐʡǗ

1ȎǾȟȌ˜Ųm�g1ɠŲ2C�.�$?��(ȎǾ1ó�J¤ș�F�,2̉ũ/Ģ̅

+
F�,,ɻ�$� 
�  
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