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EVALUATION OF ERRORS GENERATED IN PROCESSES FOR OBTAINING

RADAR PRECIPITATION CORRECTED BY GROUND OBSERVATIONS.

������
1 ��������� 2

Toshiro KUMAKURA and Sento NAKAI

1 ����� �� !�"�#�$�%�&�'�&�(�)�* +-,/.10�2�3�465
940-2188 7�8�9 !�"�:�;�<�"�= 1603-1 >

2  �? @�A�%�&�#�$-B�C�DFE�G�@�A�B�C�HJILK-MN465
940-0821

!-"�:�O�P�=�Q�R
187-16 >

The frequency of strong rainfall has increased during 100 years in Japan. And it is thought that events
of horizontally localized rainfall have also been observed during recent years. Horizontal distribution of
precipitation observed by radar, which is very useful to analyse these heavy rainfall events, should be
corrected with ground observations. But there is ample scope for growing this technique. Therefore, we
aim to evaluate errors generated by the correction processes. The object of this study is to develop a
method of evaluating the errors generated by the horizontal distribution of ground observation site and
by the interporation process of the correction ratio of gridded rader precipitation. It was found that the
method worked well in order to evaluate whether the location of ground obseravation is effective or not
and to decide which methods should be employed for the interporation of the correction ratio.
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R F æ�ýJgih=" þ z ���%�C�K�C�7� i j Ü�"
z P ñ �7B )
:-; < "C�ü�GKHC�K�C�*�,$ ñ ö
÷ dneib

i
ã]Ü9� zJklh

" Rr ã.R F æ�ý Rr þ z 1 : �çQ LNå¬Ü�L¡z é
ê�+�-
�CG�H���� ð�@: ��\ Q LNå2!�Ü�ãUR2�Tý������ @ ö÷=� 8 km ����$ þ�: Q�$1\ u
ð�]ñ 20 % ³�´]ñ V
W7$ ð� ãKm-� �
ü�!�Ü%��$;Lwü !�Ü%�5õ2B¬üNý

(1)time-Rh

 0

 

1

 

2

 

3

 

4

 

5

 0  5  10  15  20  25  30  35  40  45
 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

nopq h
(m

m

rs tuvw

P
re

ci
p

it
a

titxy z
zrs tuv
w

{ | }
e (hour)

(2)dneib-Rt

 1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

9

 0  2  4  6  8  10  12  14  16  18

~ �

��� �
tance (km)

~
–5 (1) � RhBbi(t)(mm/hour) �O*����������1���

P O

basin(mm/hour) �K%E�*���1�%��� (2) �U'O) �
dneib

i (km) �1�1� � RtBbi

i (mm/hour) �T�-� �¡�

 

0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  5  10  15  20  25  30  35  40  45  50

���
����
���� �
� � ��� ��

Precipitation (mm����� � r)

~
–6 '¡) � P O

basin(mm/hour) � �@3¡) � �
RhBbi(t)/P O

basin �3��� �¡�

|�A8zwÞ�d�" F A#z Rh Ü Rt ã#E�� F A8zZâ –5(1),(2)
"KR F æ�ý Rh þ�?JPcQ $�(*)�) ' ü ñ $�z (1) þ gch
" 13 ¢ 0 ? B9) ñ.£ E ?�@ ãK¤@?Tæ�ýà|4),"�z (1) $
þ z écV � RhBbi(t) $�@�ÚzUW V<þ Ê�N-Ë�º Ü�Ì%Í Î
º�Ï-� K�i*?�@jð� P O

basin
ãKR F æ5ý (2) þ z7â –4 ÜÞ�d7"UgOh�" þ dneib

i
ãU¤ �äzckch�" RtBbi

i
ãU¤@?wæ�ý

â –5(1) ã ó üiÜ#z ð7 ��² R ��� | ' A¬å�ü5çWè "
Rh ��Q LgR î ü@¥�¦����ü7!�Ü8�Nõ B�üNý F B F z ð
<þ 3 B2) 48 mm/hour ñ7@ $K§c¨ F AWå
ü���z Rh

þ 1 B�) 4.3 mm/hour ñ�@ $.§U¨ F AiNM� z ð� "��
��ü%V4W ñJ© è þ z ð% � O�î åWÜCL : �Z\ ð- �
²¬å
?�ñ o�� O<î R î ?�A�å
ü�¥ª¦,�7�ü�ýi« F "�z*â –6
" P O

basin
ã.gih7"fklh7" þ Rh/P O

basin
ã.¤ ?�A S ã.R

F æ�ý=! ñcS B�)�z ð% �K¬1|Tå ³ z P '2"E
)
ü8VCW
ñ Q&L-| �%Q&Lwå¬Ü�å < ¥Y¦#�5õ�BWüNý7��æ�z�â –5(2)
B ) þ z Rt þ z dneib

i
" : )�±#z4��� 4 mm/hour �-�

³�´]ñ Q@L�|�Ü î ü !
Ü���õ9B<ü�ý 	 �@� z�úO®�� ñ
¹�º-»�Û�¼�½�¾ ñ �C��� þ z ð�0ñ ²iå�G��7"�z�² ù z
; Ä F A Ü'Ý F AWå�ü ñ �C��z ; < ñ ������Ü ñ ö�÷
�0å�B=" ; BT¯ < Ü�zC������$ ñ�ð�g?�PEQ0ñ6K'i V
W Rt þ z dneib

i ñ Jc° î�øNù " þ�î ?%A�å î å�!�Ü8�õ2BM?Tæ�ý
��H=B2)Zz é
ê Bb ñ#± ×JX]²�$��'���z
•
����� @ ö
÷7� 8 km %'��'z : Q7$1\ u�ð�0ñ
20 % ³7´]ñ E7��V�W�$ ð' ãlm'�2�Wü2!�Ü#�7$



(1) dneib-Rr

 

1

 0  2  4  6  8  10  12  14  16  18

~ �� io

��� �
tance (km)

2

0.5

(2) dneib-Rr

 

1

 0  2  4  6  8  10  12  14  16  18

� �� io

��� �
tance (km)

2

0.5

(3) dneib-Rt

 1

 1.5

 

2

 2.5

 

3

 3.5

 

4

 4.5

 

5

 5.5

 

6

 0  2  4  6  8  10  12  14  16

~ �

��� �
tance (km)

(4) dneib-Rt

 1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

9

 0  2  4  6  8  10  12  14  16  18

~ �

��� �
tance (km)

(5) prec-Rh

 0.5

 1

 1.5

 

2

 2.5

 

3

 3.5

 4

 4.5

 0  5  10  15  20  25  30  35  40  45  50

~�� m
m

�� ��	


Precipitation (mm
� � ��

r)

(6) prec-Rh

 0

 

1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

9

 0  5  10  15  20  25  30  35  40  45  50

~�� m
m

�� ��	


Precipitation (mm
� � ��

r)

~
–7 � � ���Z� -4 �����%�¡������� � � � -5(2) �����%����T� � �1'@)6� P O

basin �3��3@)�� Rh �>��� �3�����¢T�6������������� 3 ���1=,?6�¡��� Ba ��� A! " �T�Z� Bb �8��� �$#%�
� 3 �
�<=�?�� Aa � A& �"� Ab �T�8�6�#��¢T�

LNü5ý
•
����� A "('�æ�ç�è�z76 ñ ������$f\ 2 ¢TK�i $
4 mm/hour ��� ³�´<ñ RMSE $Km��2�
ü !
Ü8�
$ L�üNý

• {f@�í "�Q ð ��¬ü ?'@�ñ RMSE þ Q@L1R î ü
�
z P ñTð�
ñ�) ¸+* : � þ#O�î å ) ¸+* $ RMSE

þ,) ¸ F z-ÇSÈ ñ ®�� $ RMSE þ z : Q�$à\ 4

mm/hour ��� ³�´ "�-g�2?8A�å�üNý
Ü�å < !�Ü%��õ2BM?Tæ�ý

(4) .�/1012*®43157648:9�;=<*®4>1?1@1A
|�A%zKS�"%z ð��I�ù]ñ E���o�â�" ø�F A
z&!('p�

$ ñ�T â<ã�äiåCA�B F6m9F�ñ�C �<ã F A ó9:�< ý é�]
ñ1ß X ÷ XEDGF Ø�÷ Ù�Ú�Û�$ þ z é
ê a ñ à�á�o�â7�ô�õK' A�å�ü�ý ! ' þ z ïjð �����¬Ü
� ?�A��üNç�è�zP ñ1ß X ÷ X4B9) ñ+HJI ã ð��I
ù]ñ à�á7"�q � r�'ü T â=$�WüNý 	 � � z ë
ì]í�î�ïjð �7
ü�ç
è7" þ zP ñ çJK ñ�ð��ã'´ ã=Wü ³'´=L2	NM�- �7 �äz P !
"4G�H������=� î R A�\�z å1M "�$�&�$ L5üwõ ��$�ü�ý P '�� åOM "4P 5 ��ü�B�6 < B
ã4Q1R=�¬ü�æ�)C"�z
é�ê Bai Ü Bbi z1|K)�"%z é�ê Aai Ü Abi ã éJS9F z
.�/7"�0�1 F A ó ü�!�Ü#"=�
ü�ý
P !8$
z-â –4z�â –5(2) Ü5Þ#d ñOS Ü z P O

basin
Ü Rh

ñUT%LYS ã6z%â –7 "���Ü#)4A�R F æ�ý Ba Ü Bb ã�0K1
F æg\ ñ ã6¿1V ñ 3 S "�z Aa Ü Ab ã�0�1 F æ�\ ñ ã
ÀOV ñ 3 S "
z4H,W þ Rr ñ 0�1 S z � W þ Rt ñ 0C1
S z%�1W þ Rh ñ 0�1 S $�
ü�ýOX1Y í�îES�ñ4Z�b<þ z[ ñjé
ê Bb ñ�+K- Ü�Þ#d î !�Ü8��Y�û�üjý�æ�� F z é
ê A $ þ X,Y í " Rh Ü Rt �
Q Lwå=!�Ü��Nõ B�üjý�!
!%$�z þ ß�)4"�z Rr ñ 0C1Wã,Z < ý%â –7(1) ãJ'�ü�Ü z
é
ê B ñ ç�è þ z Rr ñ�k þO\�W þ Ba $ 1.23 z Bb $
1.21 $���Úz t o'z�â –7(2) ñ�é
ê A ñ ç
è þ z [ ÜÞ�ßÁR k þ1\CW�$.RK
��'z é
ê Aa $ þ 1.30 z Ab $ þ
1.34 $C7?zæ5ý ë�ì<í�î
ïwð "6�7��ü òWó R=��ã#Z ? A
\ Z5õ î R A \ P ' �K6#µ0å�� î åNý8S�" Rh " ø4F A
0�1��
ü�ý�â –7(5) $ ñ
K%i I<ã.R �¬Ü�z Rh þ Ba $
1.83±0.27 mm/hour z Bb $ 1.91±0.28 mm/hour $
 ?mæ5ý���æ�zWÞJd=" â –7(6) $ þ z Aa $ 2.88±0.58

mm/hour z Ab $ 3.15±0.63 mm/hour $K7?}æwý=!K!
$%z

± þ�]1^`_�@ 90 % ña_�@ $�Wü,��z é�ê A Ü B

ñ,+K-¬þ
åOb "�µ ?�A�å�ü��%z é�ê a z b @ $ þ6åOb "
WC��
ü�Ü þ Y�û î å�ý F B F z é�ê B $ þ z b "#0�c
A a þ 4.2 %³%´ z é�ê A $ þ z b ",0+c A a þ 8.6 %

³-´ z Rh �f¬p|gR î ?�A
å
ü=!�Üwã jOd�F AcNpR ý�|
)�"�z Rt " 	 å�A�z�â –7(3) Ü (4) ã4eOf F z Rh Ü5Þ
d=" K-i IWã�R���Ü�z Ba $ 2.85±0.33 mm/hour z Bb
$ 2.95±0.34 mm/hour z Aa $ 3.59±0.75 mm/hour z
Ab $ 3.92±0.69 mm/hour Ü î üjý�!hg�) ñ XCY \�z aÜ b $ þ�åOb<î W¬ã.R ��!
Ü8��$ L î å��%z é�ê B $
þ z b "�0�c A a þ 3.4 %³-´ z é�ê A $ þ z b "�0,c
A a þ 8.4 % ³�´ z Rt �i¬Á|�R î ?%A�å
ü2!
Ü%��õ
B<ü�ý-��H�B9)�zCG�H������ ù ã ) Û F æ9!
Ü#" : ü
V�W=i1j ñ�M�-<þ J�)�B�"�· )�) '�æ�ý t o�z]à�á Tâ�" : ü,V�W1k�d U V ñ µiå þ�å=b Ü þ Y0û î å \ ñ
ñ B F�m9F ã�l=mon=prq1sNt=uwv�xzy�u1{ap7q1sUt4|}�~%�+�(�O�7�+� q=qUu=t��=�7����y��=�7���=�on=p��� u,t1�z� �4� �N�,�����,�O���O� �U���=��n } �a ¡ u�{=p � x �w¢ y��+�`£ }`¤%¥a¦h§r¨�� �=�(���o©
���1�(nJpUª1«at=�=©7s ¥�¦o¤¬§ p �
�=�7�+�o©,t7 ¤®§ �J© � �O¯1° �+±=² � ° � � �³�´

a s ³,´ b
� �a©�� � y¶µ ��·(� �®,p �,¸ � � x§(¹h§ �

4 º � ³1´ �4»�¼O½,¾7¿ �JÀ –8 �4Á �+�+� q§ t 13 Â }r¤ 14 Â%Ã u � 2 ÂhÄhÅOÆ ½,¾r¿ u � (1)
�

Aa
� �O� � (2)

�
Ab
� �1� � (3)

�
Ba
� �O� � (4)�

Bb
� �a�(ua{�p �OÇJÈJÉ uJt �OÊ Å�Ë �,ÌJÍJÎ �{ap }�Ï © }O� {apO©�t �,Ê Å=Ë ��Ð=Ñ�� ¥=Ò:ÓÔ§Õ�Öh× � }+Ø�} �  h¡ s ��Ù ©Op � u � 2 Â�ÄhÅOÆ � 400

mm/2day sÛÚ,Ü ÓÝ§Þ�Uß Ë �1àOá+â�ãJä uNå�æ(n�p ��,ç ©4è � s ¥(¦7¤®§ p � n1p(s � (1)
}o¤

(4) u � x§o¹N§
Aa:51

�
Ab:31

�
Ba:61

�
Bb:55 s+� ~���� ¿ }¤ � | } p � � (2) u4Úr� ÓÝ§�� à,á�â�ã�ä=��é �4å�ê



(1)Aa (2)Ab

(3)Ba (4)Bb

�
–8 13 ����� 14 �����	��
	� 2 ��	� (mm/2day) ������	��� ���	� ����� ��! �#"$����%�& �('�)+*��	,�

400 mm/2day -	. �+� (1),(2),(3),(4)
��/10�2+0 3

Aa
3

Ab
3

Ba
3

Bb �#4�56��7�89-�. ���

Ù µ7�=© � ¢ ~�Ù+�OÊ Å,Ë �+Ì1Í1Î � �=© ³1´ A
�o¢

yÛ��:$;J��t ��<�=?> ��@ » ��A,Ü �4� Å,Æ$B ä�� Ö�×� t���Cau={Jpas�,p7qOs � u`vUp ��D � � ³O´ B
�

¢ y���:�;��Ot � ³O´ A E �GF v%�U�7©+ta ¤Ô§ �1© �

4. HJI
K�LNMOL Å�Æ Ì=Í(�6PRQ Å1Æ Ì=ÍNS7u6TNU �O� :O;� � P$Q,Ì,Í�Î �U½,¾,��� �GV$W ÓÝ§ p ¯,° X=� P�Q�Ì

Í=Î ��YRZ n=pNÎ7u �,}�ÇN[ ÜN\(uwvU��© ÅJÆNB ä �»=¼ � ÖU× n=p �=� �?] B n=p ¯=° � º © Ù,��^N_O`acb ;Rd K�LOMRL �fehg Mji @ Å Ì1Í � bGkNlNmOnNopNq s�rRsNt � ÅJÆ ÌJÍa�$uo© Ù © � º } � ³=´ � v© �:Ó,¤ � �O¯=° ��Ü ÆOwyxRz r � � �J� �?{G| xNzq1sNu?} ¤N} � �O����¯J° ��Ü Æ > �$~ x �J� t ���_ s xOz »J¼ ß Ë Ö � PNQ1ÌJÍ=Îa� 1 º$�aºN�G� �OÙTNU K�LNMNL ÅJÆ �6� ¸�� ��� �O� ÌJÍ1Î � PNQ=Ì1Í
Å=Æ s � x � Ì=Í=Î(� �9� �,� TNU K�LNMNL ÅJÆ � x� Î ���O�c� S7�6uo© Ù,��� Å @ Å1Æ � å �h�N�O� Äu �9� Ì1ÍOÎR� Lf� � � u ��� RMSE

� Ã ���?�O� ÌÍOÎ�u � ����� � Lf� � � u ��� RMSE �4Úr� x�z qsU� ¢h� v ~�����h� t � ¼ d 16 � 7 � r�s ���h�	� Å � ÈOÉ u����� v ~�� � �h¯,° �NÚOÜ x�z è � � ¢f� �UÇOÈ,É u,t 8

km ��� � Ì,Í,Î Ä���� � s�� Å,Æ � 2 �$��� � ¯1° uTNU ÅJÆ ��� Ü7uÞv Ù © z q1s �?eyg MRi Ì1Í=ÎÕs opNq � rRsOt � � Ly� �$;�|j  Ù ur© §o¨�� � Ì1Í=Î� �G�R� u 4 mm/hour �N�NEO¡ � RMSE u � Ã �,��O� Ä �+»1¼1½1¾ u � 4 mm/hour �O�OEO¡ � RMSE

u6TOU��6v ¦ z qOsU��Á �����Ó,¤ � � PNQJÌ=Í Å=Æ s K�LNMNL ÅJÆ � å(u={ zNÅ
ÆNB är�+»J¼ ÖU× � �¢] �4��<N=c> �R@ » �$A1Ü �O�£h¤G¥h¦ �6§ �1¨ §w� �U� s4x�y�u=��© �%��� 2

m �
s �jecg Mji � ¤ � :N;ÕsNx § �$© ¦=Ù o pNq s(rNs
t � � Lc� ��§ �ª¨ § � :j; � 2

m � � < ;�  � 4
m

�®� ³J´ � �o�,Ù�¯=° � Ü ÆNw �$vr© �O«R¬ ��å=æ ���� x � �J� � Ì=Í=Î7�  ��® �¯¨ § � TOU(u=t � x
y uO�=©�TNUa�+å�ê ÙN¯1° � �,�a� ° Ó � ÚOÜ Ó §����
Ã ���6<O=y> �R@ »(� AJÜ�� ® �1¨ §w� T�U1è � uOt ��=�r� ° t( ¤�§ � }w~�� � �O¯=° ±=² S � �Þ© � ¤®§Þ��� x ��Ù+� Å1Æ �U»=¼O½1¾7� �r©�s%åOæ xOz s �¯1° ±O² t=x § s�±6² �O³7�,�9´yµ � ¶ ~�Ù © ���
q § ¤ � q1s }`¤��OÇO·N¸ � t � TNU K	LRMNL ÅJÆ�$� ¸1� ¹ � � ér� PRQ=ÌJÍNSr� � � � x �6ºO»N¼ �

º © Ù �O½a�9¾O¿a� À ¦ z q,s � Á ÓÝ§`� q § � ¢h� �TNU �9Á s4� zUÅ=ÆNB är�N»�¼=½=¾ �¢] �+� x �6Â dè �(��ÃJç � � ���OCa�6Ä�u(uÞv z qOs � | }Þ~��+�
ÅNÆÈÇ ÇRÉNÊ t ��ËcÌ �RÍ o pNÎNÏNÐOÑ ËcÌ � o pÒNÓNÔNÕRÖ d ÈN× (17-1212-5 Ø ) � ¢Ù� ³RÚ �=���ÜÛÛ �$Ý1�7�$~ xNz � Ã ��� kRÞNßOàNácâ � ÅNãOäNåNæÌ � åRæNç ÕNèOÖ ��écêGëOìRí ß F ß }`¤ � ç ÕNèNÖ�$î ¦ ���ïÛNÛ �$Ý1�7�6~ xRz � PNQ Å=Æ Ì=ÍR� Ly��$ð z � ¹`�OÙ�� rNsNt ��ñRòJ� bGkNlNmOnRácâ P ËÒNÓ q ºNó p o p ÈNôNõ � èjÖ �$î ¦ ���ïÛNÛ �$Ý=�
�6~ xOz �
öO÷Oø�ù
1) ú�û(ü : ý	þ�ú	ûNÿ������ 2005,374pp,2005.
2) ú�û�ü : ���
	�ú�û
�
��
� 16 � 7 �
�
���������������� 16 � 7 ���� ��	 3 ����	"!$#�%�û���&�'

2004 ��( 1 ) ,25pp,2004.
3) ����*�+�ú	û�, : �� 16 � 7 �����-���.�/�	 �10 �� ú�û���� (2�3�4 ),23pp,2004.
4) 5�6�7�8-���� 16 � 7 ��9�:�����
��;�<�=�>
? : 
� 16 � 7 ��9�:��	�����=�>���&�' , 2005.

5) @�ACB�DE�GFH�JICKL�GMHNPO�QE�G:�RHST��UJ �VCW : ��
16 � 7 ���
� 3 �.����$��G�
	�X
Y�Z
[T\^]�_�
`��G��a ) 
 , b�c�7�d�e�f ,Vol. 49,pp.415-420,2005.

6) ú�û(ü�g���h�g���i : ÿj�lkm�L�onqpPk.rJZ�[�	�6��Z
[�+�st\vu�w , x�y�	�� ,Vol. 62,pp.279-339,1995.

7) z�5�{�|�} : b�e�b�~
�q���P�.��r ,
http : //www1.river.go.jp/

8) �
�m��� : ÿC��kH���onHpJk�rlZ�[��� (I) ��ú , Vol.
48, No. 8, pp.59-63,2001.

9) ���m�/� : ÿj��kH���onqpPk.r/Z�[�	� (II) ��ú , Vol.
48, No. 10, pp.57-64,2001.

(2006. 9. 30 ��� )


	header343: 水工学論文集,第51巻,2007年2月
	NextPage343: - 343 -
	NextPage344: - 344 -
	NextPage345: - 345 -
	NextPage346: - 346 -
	NextPage347: - 347 -
	NextPage348: - 348 -


