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Abstract 

TCCIP (Taiwan Climate Change Projection and Information Platform) plays a critical role in 
producing climate change data sets and its data service under national climate change policy. The 
main objectives of TCCIP are two-folds. One is establishing long-term observation data in Taiwan 
and producing future projection data sets to end-users. The other is constructing climate change 
information platform for data delivery and service. The TCCIP is the major link between the related 
research projects in the Ministry of Science and Technology (e.g. CCliCs and TaiCCAT), and the 
outputs of TCCIP provide to the major related government agencies such as Water Resource Agency 
and Council of Agriculture for impact studies. Finally, TCCIP also supports National Development 
Council for developing Adaptation Policy Frameworks for Climate Change. Recently, climate change 
remains an important issue in worldwide, and many major climate research centers released CMIP5 
data sets from 2013. In order to connect with the worldwide research trend, TCCIP phase II 
(2013-2015) keep playing the role to produce newest climate change data sets and provide to 
end-users.  

In the first year of TCCIP phase II, we continue to produce digitalized, homogenized, and 
gridded meteorological data sets; climate change projection data of Taiwan area; high 
spatial-temporal resolution data sets by statistical downscaling and dynamic downscaling. With many 
cross-team discussions, we illustrated the Phenomenon Metric for climate studies and Performance 
Metric for climate model evaluation. From the user’s perspective, we proposed a comprehensive 
river basin assessment model to strengthen disaster-related impact study and extend the application 
fields to agriculture and public health. In the cooperation, we produced and provided the 
meteorological data needed on the topics of future rice production estimation and the change 
assessment of Vector-borne diseases. In the TCCIP phase II, Team 4 aims to improve data services 
and communication with users from various fields. In the first year, Team 4 serviced 19 requirement 
of climate change data; completed 2 data producing resumes; hold 2 workshops of data services and 
one International Workshop; translated WGI AR5 SPM into Chinese; launched new data service 
website. Finally, Team 4 also helps to organize the writing of “Second edition of the Scientific 
Report for Climate Change in Taiwan”. This Report will be completed in the end of this year and 
officially publish in 2015. 

 

Keywords: Climate change, TCCIP, Climate Service, IPCC AR5 

 

  



 

� III � 

 

 

�....................................................................................................................................................�1�

1.1� TCCIP�II �.................................................................................................................�1�

1.2� �...............................................................................................................�4�
1.2.1�Team1� �................................................................................................�5�
1.2.2�Team2� �............................................................................................�6�
1.2.3�Team3� �........................................................................................................�7�
1.2.4�Team4� �................................................................................................................�7�

� � �...................................................................................�9�

2.1� �............................................................................�10�
2.1.1� ( 1.1)�.........................................................................................................�10�
2.1.2� �..................................................................................................................................................�13�
2.1.3� ( 1.2)�.........................................................................................................�14�
2.1.4� �..............................................................................................................................................�16�
2.1.5� ( 1.3)�.........................................................................................................�16�
2.1.6� ( 1.4)�.....................................................................................................�17�

2.2� �.............................................................................................................................�19�
2.2.1� ( 1.2)�.........................................................................................................................�19�
2.2.2� ( 1.5)�.....................................................................................................................................�23�
2.2.3� �......................................................................................................................................�29�
2.2.4� ( 1.8)�.................................................................................................................�32�
2.2.5� ( 1.9)�.....................................................................................................................................�36�

2.3� �.....................................................................................................................�38�
2.3.1� CMIP5 ( 1.7)�..........................................................................................�38�

� �.............................................................................�41�

3.1� ( 2.1)�...............................................................................�41�
3.1.1� �..................................................................................................................................................�42�
3.1.2� �......................................................................................................................................................�48�



� IV � 

 

 

3.2� �......................................................................................................�51�
3.2.1� ( 2.2)�.................................................................................................�51�
3.2.2 �...............................................................................................................................................�53�
3.2.3� _ � (present)�...............................................................................................................................�59�

3.3� �.........................................................�63�
3.3.1� ( 2.4)�.............................................................................................................�63�
3.3.2� ( 2.5)�.....................................................................................................�67�
3.3.3� � ( 2.6)�...................................................................................................................�70�
3.3.4� ( 2.7)�.............................................................................................................�76�
3.3.5� ( 2.8)�.............................................................................................................�79�

� � �........................................................................................�85�

4.1� �..................................................................................................�86�
4.1.1� — � ( 3.1 3.2)�.........................................�86�
4.1.2� — � ( 3.3)�....................................................................................�93�

4.2� �.................................................................�97�
4.2.1� � ( 3.4)�........................................................................�97�
4.2.2� � ( 3.5)�.............................................................................................................�105�
4.2.3� ( 3.6)�...............................................................................................�108�

4.3 �.................................................................................................�113�
4.3.1� � ( 3.7)�.................................................................................................................�113�
4.3.2� ( 3.8)�...........................................................................................�116�
4.3.3� � ( 3.9)�.........................................................................................................�121�

�...............................................................................................127�

5.1� �...............................................................................................................�127�
5.1.1� �................................................................................................................................�127�
5.1.2� �...........................................................................................................................................................�134�
5.1.3� �...........................................................................................................................................�142�

 �



 

� V � 

5.2� �.......................................................................................................................�143�
5.2.1� �....................................................................................................................................�143�
5.2.2� �....................................................................................................................................................�147�
5.2.3 �.....................................................................................................................................�150�
5.2.4� � 2014�TCCIP�International�Workshop�on�Climate�Change�.................................................................................�151�

�...............................................................................................................................................155�

6.1� �...........................................................................................................................�155�

6.2� �...................................................................................................................�157�
6.2.1� �....................................................................................................................................................�157�
6.2.2� �....................................................................................................................................................�157�
6.2.3� �....................................................................................................................................................�158�
6.2.4� �....................................................................................................................................................�159�

�....................�………………………………………………………………………………………………………�161�

 

 

 

  



� VI � 

 

 

2.1� �..............................�14�

2.2� �..........................................................................................�19�

2.3� 5 6 (PR) 3.11a �..................................�32�

3.1� a1b �.................................................�42�

3.2� 21 �..............................................................................�46�

3.3� 21 5�8 �.........................�54�

3.4� WRF 8 �..........................................................................�55�

3.5� ....................................................................�64�

3.6� WRF�CFSR WRF�ECHAM5 WRF�MRI

25 �.......................................................�83�

4.1� 1980�1999 �................................................................................�90�

4.2� � (2020�2039)� � (2080�2099)�

�................................................................................................................�90�

4.3� �..........................................................................................�91�

4.4� 100 � ( 15 )� �................................................�91�

4.5� 100 � ( 15 )� �................................................�92�

4.6� IPCC�AR4 A1B �.....................................................�96�

4.7� �..............................................................................................................�102�

4.8� 17 �................................................................................�102�

4.9� �......................................................................................................................�104�

4.10� �.....................................................................�108�



 

� VII � 

 

 

4.11� QP �...................................................................�110�

4.12� �..........................................................�110�

4.13� �...........................................................................................................�121�

4.14� � ( 467440 )�.......................................................................................�123�

5.1� TCCIP �............................................................�130�

5.2� TCCIP IPCC�WGI�AR5 �..................................................................�131�

5.3� � AR5 �...............................................................................................................�133�

5.4� �.............................................................................�140�

5.5� ..................................................................�142�

5.6� ..................................................................�144�

5.7� 2014�TCCIP�IWCC �..............................................................................................�152�

5.8� 2014�TCCIP�IWCC �.............................................................................................................�152�

  



� VIII � 

 

 

1.1� � ( )� �.............................................�2�

1.2� TCCIP �................................................................................................................�2�

1.3� TCCIP �..................................................................................�3�

1.4� TCCIP �...........................................................................�3�

1.5� TCCIP �................................................................�4�

1.6� �...........................................................................................................�5�

2.1� Team1 �...............................................................................................................�9�

2.2� 1951~2010 ................................................................................�10�

2.3� 2.2 �.............................................................................�11�

2.4� 2.3 �....................................................................................�12�

2.5� 2.3 �.............................................................................�13�

2.6� � ( )� TRI �........................................�15�

2.7� TRI �.....................................................................................................................�15�

2.8� TRI �..................................................................................................�15�

2.9� 1960�2012 1 �................................................................................�17�

2.10� (a)�~�(d)� (e)~(h)�

�............................................................................................................................�18�

2.11� (a)�1974�2009 MJO 1�8 TRI (b)�1974�2009 MJO

� (118�124E,�20�28N�)� �..................................................................................�20�

2.12� 20�100 OLR a h MJO 1�8 �.................................�21�

2.13� (a)�MJO�phase�2 � (20�100 )� 200hPa 200hPa

(b) (c) (a) MJO 3 4 (d) (e) (f) � (a) (b) (c)



 

� IX � 

850hPa �...................................................................................................................................�21�

2.14� (a)�MJO�phase�2 � (20�100 )� 500hPa 850hPa

(b) (c)� � (a)� 3 4 (d) (e) (f)� � (a) (b) (c)�

850hPa uqi vqj .............................................................�22�

2.15� MJO �.......................................................................�22�

2.16� � (SPEI)� �..........................................................................�23�

2.17� SPEI � ( � )�

(Kurtosis �4)� � (Skewness �3)� �................................................................�25�

2.18� 2.17 SPI �...................�26�

2.19� SPEI � ( 6 )� SPI � ( 6 )

1km �..............................................................................�27�

2.20� 2.19 SPEI SPI �.........................................�27�

2.21� (a)� 1 1 SPEI

(b)� (a) 1 1 SPI �.............................�28�

2.22� (a) 1 1963 1~12 SPEI (b)� (a) SPI

�...............................................................................................................................�29�

2.23� �..............................................................................................�30�

2.25� (a)5 (b)6 850hPa �.......................................................�31�

2.26� (a)5 (b)6 �....................................................................�31�

2.27� 850hPa�u,v 500hPa

�...............................................................................................................................�32�

2.28� �.................................................�33�

2.29� 1997�2012 �....................................................................................�33�

2.30� 1997�2012 1 6 �.....................................................................�34�

2.31� 1997�2012 7 12 �...................................................................�35�

2.32� CTX90pct RCP85 2006�2100



� X � 

5�10 �.......................................................................................................................�37�

2.33� 2.30 �..............................................................................................�37�

2.34� 6 �..........................................................................................�39�

2.35� CMIP5 U850 V850 H500

�............................................................................................................................�40�

3.1� mri_cgcm2_3_2a ......................�43�

3.2� 5 �.........................................�44�

3.3� 5 �.........................................�45�

3.4� 21 �.....................�45�

3.5� 21 �.....................�46�

3.6� RCP8.5 21 30% 15% 0%

0% �15% �30% �........................................................................................�47�

3.7� 21 1�oC 2�oC oC 4�oC

�............................................................................................................................�48�

3.8� � (2081~2100)�

�....................................................................................................................�49�

3.9� � (2081~2100)�

�....................................................................................................................�49�

3.10� 90% 20 21 �...........................�50�

3.11� 3.10 �............................................................�50�

3.12� �..................................�52�

3.13� 5 �..............................�53�

3.14� rerun2

�...........................................................................................................................................�54�

3.15� CFSR�( )� rerun2�( )� Top�5�%

WRF�(rerun2)� � (2075�2099 )�



 

� XI � 

� (hPa)� 850�hPa � (hPa) � (kg/m2)� 10 �

(m/s) � (gkg�1���ms�1)� � (%) �........................................................�56�

3.16� 8 200�hPa 500�hPa 850�hPa SLP

�..................................................................................................................................................�57�

3.17� 8 � (NCDR)� �...............................�58�

3.18� 1999 ....................................................�58�

3.19� 1999 � ( )� � ( )� �.................�59�

3.20� MRI HiRAM CFSR �...................................................�60�

3.21� � (OBS) MRI HiRAM CFSR �......................�61�

3.22� AGCM �.........................................�62�

3.23� 1992~1997 WRF�CFSR �.....................�62�

3.24� 1979 �2009 �.....................................�64�

3.25� �..................................�65�

3.26� NCEP �......................................................................�66�

3.27� 1960~2012 6~8 � (a)� � (b)� � (c)� �...........�68�

3.28� 1960~2012 6~8 TSA�(a)� � (b)� � (c)� �................�68�

3.29� 1960~2012 6~8 � (a)� (b)� (c)� (d)� � (e)�

TSA �......................................................................................................�69�

3.30� 1979~2012 1000mb�~�700mb � (a)�6~8 1000mb�~�

700mb � (b)�6~8 � (c)�TSA �.....................�70�

3.31� 1960�~�2012 � (a) (b) (c) (d) (e) TSA

850mb 1960~2012 � (a) (b) (c)

(d) � (e) TSA 850mb

�.......................................................................................................................................�71�

3.32� 1965 2012 � ( )� � ( )�

� (Accumulated�Cyclone�Energy ACE)�

� (Power�Dissipation�Index PDI) �....................................................................................�72�



� XII � 

3.33� 1981 2010 �..................................................�73�

3.34� 500 �............................................................�73�

3.35� 1965 2012 �............�74�

3.36� 1979 2009 �................................................................�74�

3.37� 500 �................................................................................�75�

3.38� MRI�AGCM � ( ) � ( )� 500 �................�75�

3.39� 1979�2008 �.............�77�

3.40� 1979�2010 850�hPa (a)�

(b)�10�90 (c)�10 � ( 10�90 ) �.............�77�

3.41� 1960�2010 (a)� (b)�

11 �...................................................................................................�78�

3.42� 1901�2010 Morlet�wavelet � � �..................................�79�

3.43� � 1979�1993 � (a) (b)850�hPa (c)850�

hPa� 10�90 (d)~�(f)� � (a)~(c) 1994�2008

�..................................................................................................................................................�80�

3.44� 1979~2003 �..................................�81�

3.45� 21 21

21 �..............................................................................�82�

3.46� (a)�WRF�ECHAM5 � (b)�WRF�MRI �.....................�82�

3.47� � (a)�NCEP�CFSRP � (b)�

ECHAM5 � (c)�MRI �...............................................................................................�84�

3.48� 21 � (b)�ECHAM5 � (d)�MRI

�............................................................................................................................�84�

4.1� Team3 �..................................................................................................�85�

4.2� (a)� 1979�–�2003 (b)� 2015�

�2039 (c)�21 2079�–�2099 ..............................................................�88�



 

� XIII � 

4.3� (a)�

(b)� 21 �...............................................................�89�

4.4� 1980�1999 �.....................................................................�89�

4.5� �................................................................�95�

4.6� IPCC�AR4 A1B �...............................................................�95�

4.7� 17 �......................................................�98�

4.8 �......................................................................................................�99�

4.9� 48 �.................................................................................................�100�

4.10� � ( )�..............................................�100�

4.11� �............................................................................................�101�

4.13� �...............................................................................................�103�

4.10� �............................................................................................�105�

4.11� .................................................................................�106�

4.12� 7 �...............................................�107�

4.13� �.........................................................................�107�

4.14� Top1 �...................................................................�109�

4.15� Top1 � (144hr)�..........................................................�110�

4.16� �.............................................................................................................................�111�

4.17� � (Top1_BC)� �.................................................................�112�

4.18� �..............................................................................................................�112�

4.19� � (m)� �.........................................................................................................�113�

4.20�

�...................................................................................................�114�



� XIV � 

4.21� � (a)� (b)�MRI�WRF (c)�MRI�WRF

�................................................................................................................................................�115�

4.22� � ( )�............................�115�

4.23� � (466900)� � (72C440)�

�..............................................................................................................�115�

4.24� � (a)� (b)�MRI�WRF (c)�MRI�WRF

(b)� Colorbar �..................................................................�116�

4.25� A1B A1B

�.....................................................................�117�

4.26� A1B A1B

�.....................................................................�118�

4.27� A1B A1B

�.............................................................................................................................�119�

4.28� 1 12 a �.......................................................................................................�120�

4.29� 1 12 b �.......................................................................................................�120�

4.30� 1 12 � (R�square).............................................................................�121�

4.31� �...........................................................................................................�123�

4.32� CDF � ECDF � ( )�..........................................................�124�

4.33� �...............................................�125�

4.34� �...........................................................................................................�125�

5.1� TCCIP �......................................................................................�128�

5.2� � �...................................................................................................�128�

5.3� � �..............................................................�129�

5.4� WGI�AR5 �........................................................................................�132�

5.5� AR5 ( ) ( )� �...................................................................�133�

5.6� .................................................................................�134�



 

� XV � 

5.7� TCCIP �................................................................................................................�135�

5.8� TCCIP �.........................................................................................................�136�

5.9� TCCIP �..........................................................................................�137�

5.10� TCCIP �..........................................................................................�137�

5.11� TCCIP �.............................................................................................�137�

5.12� TCCIP �..........................................................................................�137�

5.13� TCCIP �..............................................................................�138�

5.14� TCCIP �.........................................................................................�139�

5.15� �...............................................�141�

5.16� �....................................................................................�141�

5.17� TCCIP�SOUISEI�( )� � ( )� �..............................................................�147�

5.18� 8 �.....................................................................�149�

5.19� �......................................................................................................................�153�

 

 





 

� 1 � 

 

1.1 TCCIP-II

 (Intergovernmental Panel on Climate Change, IPCC) 2007
100 100

100 0.74oC
IPCC

 (AR5) 2013~2014  

 (United Nations 
Development Programme-Global Environment Facility, UNDP-GEF) 

 (Adaptation Policy Frameworks for Climate Change, APF) 

2012 6  

 ( ) 

2009  ( )  (
1.1 )  ( TCCIP) 

TCCIP 1.2  

TCCIP 1.3 TCCIP
 ( )  ( ) 

 ( ) 
 ( CCliCS TaiCCAT )  ( )

 

TCCIP TCCIP
1.4

TCCIP

 ( )  



� 2 � 

TCCIP NCDR
…

 ( 1.5)  
 

 

1.1  ( )  

 

1.2 TCCIP  



 

� 3 � 

 

1.3 TCCIP  

 

1.4 TCCIP  



� 4 � 

 

1.5 TCCIP  
 

TCCIP

 

TCCIP  (KAKUSHIN) 
 (SOUSEI) TCCIP

CMIP3 (IPCC AR4) 
CMIP5 (IPCC AR5) WCRP CORDEX-EA  

( KMA APEC Climate Center ) GFDL HiRAM2 ( CCliCS ) NCAR 
CAM5  

 (Team4)
 ( 1.6)  

1.2

TCCIP  (Team1 ~ Team4) 
 



 

� 5 � 

 

1.6.  

1.2.1 Team1 

�

6
650

2.1.2  

�

10 (
)

10 4

2.1.6  

 



� 6 � 

�  ( Phenomenon Metric)

Phenomenon Metric

2.2.3 3.3.1  

� TCCIP 5Km V3 ( )

a. b. 2.1.5  

1.2.2 Team2 

�  (CMIP5 CORDEX-EA ) ( 3.1)

�  

� CMIP3/CMIP5 CMIP3
CMIP5  

� CMIP5   

�  ( AGCM) ( 3.2)

� WRF3.5.1  

� 8 NCEP-CFSR
 MRI AGCM HIRAM NCEP-CFSR 25

 

�

�  ( )
WRF-MRI ( 3.3.1) 

� TS  ( ) /  (
) ( 3.3.2) 

� 1  ( 3.3.3) 

� 2 A  (
)  ( 3.3.4) 

� Top5%  (
) ( 3.3.5) 



 

� 7 � 

1.2.3 Team3 

�  ( 4.2)

� 

 

� 
 

�

� 
( 4.1.1) 

� AR4
IPCC AR4 A1B

5 ( 4.1.2) 

�

� MRI MRI

( 4.3.1) 

� LARS-WG

( 4.3.2) 

� Matlab GCMs

( 4.3.3) 

1.2.4 Team4 

�

�  ( 103 2 ) 19
( 5.1.1) 

� 
( 5.1.2) 



� 8 � 

� 2 / 1 ( 5.1.1 5.1.2) 
102 7 26 -  
103 3 14 TCCIP  
102 12 2 IPCC  ( )  

�

TCCIP
TCCIP 5.1.2  

�

102 5
TCCIP TaiCCAT / TCCIP

103 5 9~10 5.1.3  

�

IPCC 2

102 12 2 ( 5.1.1) 

�

TCCIP 2014

( 5.2) 

 



 

� 9 � 

   

Team1 
 

Team1

 

2.1
Team3 

 (Phenomenon Metric) 
 (Performance Metric)  

 

2.1 Team1  



� 10 � 

2.1

2.1.1 ( 1.1)

TCCIP  (99~101 ) 6
20 60

1951~2012 12  (
) 5  (

) 3  ( )  

 ( 2.2) 60 30
60

20 60 10 0.11oC 30
10 0.17oC 95%  ( 2.3)

60 30

 
 

 

2.2 1951~2010 60 30
95%

 



 

� 11 � 

 

2.3 2.2 3~5  (MAM) 6~8  
(JJA) 9~11  (SON) 12~2  (DJF)  
 

60 30
60 30

 ( 2.4) 30
 ( ) 30

 



� 12 � 

 

2.4 2.3 3~5  (MAM) 6~8  (JJA)
9~11  (SON) 12~2  (DJF)  

 

20
60 10 4 30 10 6 60

30
 ( )  ( 2.5)

60 30
8



 

� 13 � 

2.5 2.3 3~5  (MAM) 6~8  
(JJA) 9~11  (SON) 12~2  (DJF)

2.1.2

6

670  ( 2.1)  



� 14 � 

2.1  

  ( )  

 (  466920) 65  (1896 ~1960) 3,254,380  

 (  467410) 64  (1897 ~1960) 1,427,064  

 (  466990) 51  (1910 ~ 1960) 1,413,743  

 (  467660) 19  (1937 ~1954, 1960)  614,616  

2.1.3 ( 1.2)

 (TRI) 
 (TRI-dex TRI-d)  (TRI-mex

TRI-m)

 

 
( 2.6)  

�  (
)  (SO)  (NDJ) 

 ( 2.7)  

�  (21 2.8 )  

�  (JA)  (SO)  

�  (FMA)  (MJ)  

�  (JA)  

�  (FMA)  (JA)  

� PDO 1960-1970
 

� — — —
 

 (NDJ) 
 (NE SE ) 

 (MJ)  (JA)  (SO) 
 



 

� 15 � 

 

2.6  ( ) TRI  
 

 

2.7 TRI  
 

 

2.8 TRI  



� 16 � 

2.1.4

 (TRI) TCCIP 1885-2010
2012  

� TRI  
2013 22

2009~2012 TRI  

� TRI  
TRI-mex TRI-m

TRI 1960 500 TRI

2.1.5 ( 1.3)

 

(1) TCCIP-I
TCCIP

 

(2) TCCIP

TCCIP

 (take one 
out) 2

 

(3) 50
2  ( 2.9)
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(4) 
 

(5) 30

 

 

2.9 1960-2012 1
TCCIP-V2

2.1.6 ( 1.4) 

 (
)  ( ) 

 

10  (
)

10 4

2.10(e) ( ) 2.10(f) ( ) 2.10(g) ( ) 2.10(h) ( ) 
0.37 /
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0.74 / 4.93 /
7.00 /  

(a)  (e)  

(b)  (f)  

(c)  (g)  

(d)  (h)  

2.10 (a) ~ (d) (e)~(h) 
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2.2

 (Phenomena metrics) 

 (Performance 
metrics)

 

40%

 (Phenomenon Metrics)
2.2  

 

2.2  

 
 

 (I2) (Reichler and Kim, 2008) 
Performance Metrics

 

 

2.2.1 ( 1.2)

� MJO

 ( NDJFMA ) MJO
MJO MJO -  (
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3-4) MJO  ( 7-8)  (
2.11a) 2.11b 1974-2009 MJO  (118-124oE, 20-28oN

) 3 4

 ( OLR ERA-40
ERA-Interim )

 
 

 

2.11 (a) 1974-2009 MJO 1-8 TRI
(b) 1974-2009 MJO  (118-124E, 20-28N )  

 

�

MJO  ( 2) Matsuno-Gill type 
pattern (Matsuno 1966, Gill 1980) MJO 60-90  ( 2.12b)

MJO  
(the Rossby wave response Hsu 1996) MJO 2

 ( 2.13a)

 ( 2.13d) 2
3  ( 2.13b) 850hPa

 ( 2.13e)  

�

MJO 3
MJO

 ( 2.12c)  ( 120 ) 
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local Hadley circulation  ( 2.14b)
 ( 2.14e) MJO 3+4

 
 

 

2.12 20-100 OLR a h MJO 1-8  

2.13 (a) MJO phase 2
(20-100 ) 

200hPa
( m) 
200hPa “A”

“C”

(b)
(c) (a)
MJO 3 4 (d)
(e) (f)  (a) (b)

(c) 850hPa
“L” (d)

(e) (f)
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2.14 (a) MJO phase 2
(20-100 ) 

500hPa  (
Pa s-1) 

850hPa (b) (c)
 (a) 3
4 (d) (e) (f) 
 (a) (b) (c) 

850hPa
uqi vqj (q

)  (
10-9s-1)

 
 

TCCIP
 ( ) MJO MJO

 ( 2.15)
(1) 

Rossby wave train
(2)  

2.15 MJO
“A”  “C” “MJO” MJO MJO

2 3 & 4
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2.2.2 ( 1.5) 

Team2  

�   

 (SPEI) 
SPEI EEOF

EEOF1 9 ~ 5 3  (
2.16) EEOF2 2~5 EEOF3 8 10 ~1 4~5

10 7  ( 2.16) EEOF4
3 3  ( 2.16)  

 ( ) EEOF1
6 9~10 7 11 ~1

4 EEOF2 6~11 12
EEOF3 6~9 10

2 3 4 5 5 10
 

 

 

2.16  (SPEI) EEOF
6/1 ~ 5/31 EEOF
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�

 (1km x 1km) 
SPEI

 ( )
 (SPEI)

 (SPI) SPEI
SPI  

SPEI SPI
SPEI SPI

SPEI SPI EOF 95%
 (PC) 1

SPEI SPI 6  (10 20 1
3 6 12 ) 3  (1km 5km 25km)  

 
( )

 (
)  

SPEI SPI  ( ) ( 2.17
2.18)

10 20 SPEI SPI
SPI 10 20

SPI
10 20 SPI

 

SPEI SPI
0 1 SPEI SPI

0 1
( )  ( ) SPEI SPI SPEI SPI ( )

1  ( ) 1  ( )
( ) 2.19 2.20 0.1
0.7~1.3 SPI 10 20
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SPEI
 ( ) 12

1~12
SPI SPEI  

 

 

 

2.17 SPEI  ( - ) 
(Kurtosis �4)  (Skewness �3) 

(PE3: Pearson-type 3 distribution LN3: Long-normal distribution GLO: Generalized 
logistic distribution GEV: Generalized extreme value distribution GPA: Generalized 
Pareto distribution) (Normal distribution) 
(Exponential distribution)  
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2.18 2.17 SPI  
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2.19 SPEI  ( 6 ) SPI  ( 6 )
1km 6 2 10  ( )

20  ( ) 2 1  ( ) 3  ( ) 2
6  ( ) 12  ( ) 6 6  

 

2.20 2.19 SPEI SPI  
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SPEI SPI
 (10 20 1 )

SPEI SPI 1  ( 2.21)
SPI SPEI

SPI SPEI
SPI

SPEI
12 SPEI SPI

12
 

1 1963 2002
SPEI SPI 5~7

SPEI SPI SPEI
SPI  ( 2.22)

SPEI  
 

2.21 (a) 1 1 SPEI
( 4 1~4 4 5~8 4

9~12 ) (b) (a) 1 1
SPI  
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2.22 (a) 1 1963 1~12 SPEI ( 4
1~4 4 5~8 4 9~12

) (b) (a) SPI  

2.2.3

� ( 1.6)

 

1961~2000 30
 ( )

 ( )
 (

2.23)  (SouthWest 
Flow Index SWFI ) SWFI

 ( )  ( )  ( 2.24)  

2001~2012 SWFI
SWFI

SWFI 1965-1976  
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2.23 
 

2.24 1951~2010 4.0m/s  (
) 10 50  ( )  
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� ( 1.7)

Lei et al. (2011) (105 E-122 E,20 N-27.5 N) GPCP
1979 -2013 1

1 5 6 / 5
1984 1989 2005 2006 2013 5 6 1993 1998

2001 2005 2008 2010 6  

 ( 2.25 2.26) 1.
2. 3.

5 6
6 5  

 

  

2.25 (a)5 (b)6 850hPa 90%
 

  

2.26 (a)5 (b)6 90%
5880 1979-2013

5880  
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850hPa u,v 500hPa
 ( 2.27 2.3)

5 : U850 (110 E-125 E,17.5 N-22.5
N) V850 (112.5 E-120 E,15 N-22.5 N) H500 (130 E-150 E,10 N-20 N) SF850 (120 E -137.5
E,7.5 N-15 N) SST (110 E-118 E,6 N-14 N)  

 

 

2.27 850hPa u,v 500hPa
 

2.3 (PR) 3.11a 5
6  

2.2.4 ( 1.8)
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Hewson (1998) [M1] [M2] [L]
[M1]  ( )  (Thermal 

front parameter TFP) [M2] [L]
 

ERA-Interim 2001 1 28 00UTC
2.28  (mm/day)

 

�

1997 2012 2.29 days/year
1.5km 20

60 South Pacific convergence 
zone (SPCZ) 30S 130W 40  
 

 

2.28 

 

2.29 1997-2012  (days/year) 1.5km  
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�

1997 2012 2.30 2.31 days/month
1.5km 7

4-5
6 7

7  
 

 

2.30 1997-2012 1 6  (days/month)
1.5km  
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H98

 ( )

 
 

 

2.31 1997-2012 7 12  (days/month)
1.5km  
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2.2.5 ( 1.9) 

TCCIP CMIP5 12
1960 2005 5 10 CTX90pct 

(Perkins and Alexander, 2013) EHF
CTX90pct EHF (Neirn et al.,2009) 2.35 1.93 /

CTX90pct EHF 3.84 6.15 /
EHF  (29.85oC) 

CTX90pct 29.14oC
CTX90pct 20 21

EHF  

12 CMIP5 50%

500 850
5 500

850

 

RCP85  ( 2.32 2.33)
2-10
1-2 oC

RCP85
5-10  
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2.32 CTX90pct RCP85 2006-2100
5-10  

 

 

2.33 2.30  
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2.3

2.3.1 CMIP5 ( 1.7) 

�

CMAP 5 - 6
 ( 2.34) HadGEM2

6 5
HadGEM2

6  

5  ( )
-

6
CMIP5 6 5

MRI-CGCM3  

U850 V850 H500 32 CMIP5  ( 2.35) 32
U850 V850

U850 V850  

H500
H500

H500
 

5 U850 V850
0.3 H500 6 U850 V850

H500 5 6

5 V850 P1 0.3 P3 0.6
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2.34 6 (a)  (g) CMAP CCSM4 GFDL-ESM2G
HadGEN2-CC HadGEN2-ES MPI-ESM-LR MRI-CGCM3  
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2.35 CMIP5 U850 V850 H500
(a) (b) (c) (d) (e) (f) 
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 ( )  ( ) 
5  

 ( ) 
 

3.1 ( 2.1)

 (Wilby et al., 2004)

 (Coupled Model Intercomparison Project Phase 5 CMIP5) 

 (Allen and Stainforth, 2002) 
 

Wood et al., (2002, 2004)  Maurer (2007) 
BCSD (Bias correction and spatial disaggregation)

5 APHRODITE (Asia 
Precipitation Highly-Resolved Observational Data Integration Towards Evaluation of the Water 
Resources) 25  (Yatagai et al., 2012)  
(Yasutomi et al., 2011) APHRODITE
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Climate Research Unit (CRU) CRU TS3.21  (Mitchell and Jones, 2005)
0.5°  ( 300 ) 

 (5 )  25
 5 IPCC  

(Fourth Assessment Report AR4) 
IPCC  (Fifth Assessment Report AR5) 

 

3.1.1

(1) CMIP3 50 5

A1B A2 B1  (tasmax) 
 (tasmin) 

 ( 2012) 50 5 CMIP3
A1B 8

A2 6 B1 8 3.1 A1B
tasmax tasmin 8 tas 24

tas 24 tasmax tasmin
CMIP3

CMIP5
 

 

3.1 a1b  
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(2) CMIP3 25 50

APHRODITE 25  (tas) 
25 5

5 CRU 50 5
mri_cgcm2_3_2a 20c3m 1980~1999 20

APHRODITE 25
2080~2099 20 1980~1999 20

 ( 3.1) 50 25 25 5
 

 

 

3.1 mri_cgcm2_3_2a A
5 B 50 5 C

25 5  
 

(3) CMIP5

IPCC AR5  (pr)  (tas) 
AR5 CMIP5  (Meinshausen et al., 2011)

W/m2 RCP8.5
8.5W/m2 22 40

1.
historical 2. 1961-1999 2006-2099 3.
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RCP2.6 26 RCP4.5 38 RCP6.0
21 RCP8.5 41 RCP4.5 RCP8.5

2006~2100 95
1986~2005 20 1981~2100 20  

5
CMIP3  ( 3.2

RCP8.5
 ( 5~10%)

 ( 0~5%)  (0~-5% )  

 
( 3.3) RPC8.5 2.75oC~3.75oC

RCP2.6
0.25~1.25

RCP4.5 RCP8.5 RCP2.6 RCP6.0
RCP4.5 RCP8.5  ( 3.4 3.5) 3.2  
 

 

3.2 5  (2080~2099 1980~1999
)  
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3.3 5  
 

 

3.4 21
RCP2.6 RCP4.5 RCP6.0 RCP8.5
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3.5 21
RCP2.6 RCP4.5 RCP6.0 RCP8.5

 

3.2 21 10 25 50 75 90

3/4  

 
 

21
3.6 RCP8.5 21

30% 15% 0% 0% -15% -30%
100% 0%  (

0) 50% 50%

10 25 50 75 90 10 25 50 75 90

 (ºC)  (%)
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15% 50% 3.7 21
1 oC 2 oC 3 oC 4 oC  

 

 

3.6 RCP8.5 21 30% 15% 0%
0% -15% -30%  
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3.7 21 1 oC 2 oC oC 4 oC
 

3.1.2

Hawkins and 
Sutton (2009; 2011) 

 (Internal Variability)  (Model 
uncertainty)  (Scenario uncertainty)

 

21  
(2081~2100 ) 

21
1%
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1/3 2/3
4 6 3.8 21

20
8~9 5%

10% 3.9  
 

 

3.8  (2081~2100) 
 

 

3.9  (2081~2100) 
 

 

90%
1.65 90% 3.10

90%  ( ) 
 ( )  ( ) 21

21 3.11 90%
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 ( )  ( )  ( ) 
20% 50% 3.11 90%

45% 30%  

19

 
 

 

3.10 90% 20 21  (

)  
 

 

3.11 3.10  ( )  ( )  



 

� 51 � 

3.2

HiRAM MRI CAM5  (Atmospheric 
General Circulation Mode, AGCM) MRI 
AGCM3.2S (Mizuta et al., 2012)  (Meteorological 
Research Institute, MRI) 20

CMIP5 AGCM (HiRAM
CAM5) HiRAM

 (GFDL) HiRAM2 (High-Resolution Atmospheric Model, version 2)
 (Chen and Lin 2011)

C384 23 CAM5
 (National Center for Atmospheric Research, NCAR) 

 (Community Atmosphere Model) Lawrence Berkeley National Laboratory
25 CAM5.1 1979-2005

 

NCAR
 (Weather Research and Forecasting modeling system

WRF ) 3.5.1 25
 ( 3.2.1 ) 

WRF
3.2.2

3.2.3
AGCM  

3.2.1 ( 2.2)

TCCIP WRF3.1.1
 (High Performance Computer CWB-HPC ) CWRF

CWRF WRF
- -

CWRF CWRF
CWB-HPC CWB-HPC CWRF

WRF3.5.1 WRF
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3.5 WRF3.5.1
WRF3.5.1 4-6

WRF  

1.  (A1b A2 RCP4.5 RCP6.0 RCP8.5) 
 

2.  ( )  

3. CAM5  

4.  

5.  

6. CWB-HPC FX10  

3
CWB-HPC

3.12 2013
10 NCDR1  

2014 NCDR2
NCDR@RCEC

24TB MSS  

CWB-HPC
CWB-HPC TCCIP-HPC WRF (WRF3.3.1 CLWRF3.3.1
WRF3.4.1 CLWRF3.4.1 WRF3.5 WRF3.5.1) 

CLWRF WRF MRI 192
WRF

 
 

 

3.12  
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3.2.2

 (TCCIP) 5
1979-2003 TRMM (Tropical Rainfall Measuring 
Mission) 3B43V6 0.25 1998-2010

 
(NCDR) 
0.0125 1992-2010

 (National Centers for Environmental Prediction)  (Climate 
Forecast System Reanalysis CFSR)  

WRF3.5.1  (
2008) 3.13

 (2/3)  (1/3)

 (
 (3/3) )  

rerun1 rerun2

rerun2
200 mm

21
rerun2  

 

 

3.13 5 380 � 
400 20� � 20�  
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rerun1
rerun2 MRI-AGCM

rerun1
AGCM rerun2 21 7-8

 

3.14
 ( )

rerun2  rerun2 21
53.2~90.3 mm 

(10.3 %) 53.2 mm 53.2 mm
117.7~153.5 mm  (26.6 %) 200 mm 15.4%

 
 

3.3 21 5-8  

 
 21  

    

MRI-AGCM 58 2166 55 1854 

WRF rerun1 85 3648 90 3888 

WRF rerun2 56 2160 --- --- 
 

 

3.14 rerun2
rerun2 rerun2 21  
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10 m 850 hPa
 (2008)  (2012) 

 (2007) 1997-2006
 

Top 5 
% 3.15

rerun2 rerun2

21  ( ) Top5%
850hPa

14-15 kg/m2 (
25%) 30-40 gkg-1 · ms-1 ( 20%)

20-40%
60% 21

 

CFSR 1999  (
) 

3.4
8  (CTRL) NOFDDA

REINIT FDDA01 FDDA02
RAD_RRTMG PBL_ACM2 CU_KF 1999 1-12  
 

3.4 WRF 8  
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3.15 CFSR ( ) rerun2 ( ) Top 5 %
 (hPa) 10m  (m/s) 850 hPa  (hPa) 

 (m/s)  (kg/m2) 10m  (m/s)  (mm)
WRF (rerun2)  (2075-2099 ) 

 (hPa) 850 hPa  (hPa)  (kg/m2) 10  (m/s)
 (gkg-1 · ms-1)  (%)  

 

1999 1-12 850 hPa 500 hPa 200 hPa
pentad 8  (CFSR) 

15-32 113-130  (SLP) 850 hPa 500 hPa 200 hPa
200 hPa 500 hPa

850 hPa SLP CFSR
30-40 pentad  (6 7 )  ( 3.16) 

200 hPa 3
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NOFDDA REINIT
30-40 pentad 38 pentad  (7 ) 

NOFDDA REINIT

CFSR  

8
 ( 3.17)

4 
mm/day 38 pentad

 ( 30 mm/day) 8
PBL_ACM2 6.6 mm/day

1.35 mm/day 3.14 3.56 mm/day
 ( ) 8

5 6 7 7
36 mm/day

 
 

 

3.16 8 200 hPa 500 hPa 850 hPa SLP  
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3.17 8  (NCDR)  ( )  ( ) 
: mm/day  

 

1999 3
 ( ) 

30  ( 150 ) 
3.18

 ( 3.19 )  ( 3.19 )  
(FDDA01 FDDA02) 

 
 

 

3.18 1999
CTRL
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3.19 1999  ( )  ( ) 
 

8

 

3.2.3 _  (present)  

 (MRI-AGCM GFDL HiRAM NCAR CAM5) 
NCAR CAM5

0.5 1979-2003 CFSR
 (1979-2003 ) 1980-1994 15 AGCM

 

3.20 TRMM 3B43V6
1998-2007 10 2 4

5 6 8 9 11 12 1
AGCM HiRAM

MRI
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CFSR AGCM
 

 

 

3.20 MRI HiRAM CFSR : mm/day  
 

1979-2003 25 3.21
MRI HiRAM

CFSR
AGCM

WRF-MRI
WRF-MRI

WRF-MRI
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WRF-MRI WRF-HiRAM

WRF-CFSR WRF-MRI
 

3.21  (OBS) MRI HiRAM CFSR
AGCM RCM : mm/day  
 

3.22 AGCM
CFSR 6 8

CFSR 5 9 HiRAM 7
12

MRI 1 5 10 12
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CFSR  (WRF-CFSR) 

1992 1992 1997 1992 1997
28 3.23 1992 1997 1997

1992 1996
WRF-CFSR  (1994 1996 1997 ) 

 
 

 

3.22 AGCM  
MRI HiRAM CFSR

AGCM : mm/day 
 

 

3.23 1992~1997 WRF-CFSR  
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3.3

AGCM
 

3.3.1 ( 2.4)

 (Pacific Decadal Oscillation PDO) (Ho et al., 2004)  (El 
Nino and Southern Oscillation ENSO) (Chen et al., 2003 Jiang et al., 2003) 

 

2.5° NCEP  (Kalnay et 
al., 1996) ( NCEP Reanalysis ) 1979 -2009 MRI 
AGCM 1979 -2003 2015 -2039

21 2075 -2099

1979 2009  ( ) 
 

42  ( 47%)
28  ( 31%)

74.7% 60.4%
3.24 31

 

31  (1979 -2009 )  (
50mm/day) 44 61 1.6%

2.2% 38 50  ( 86% 82%)
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3.24 1979 -2009  (
mm

)  
 

1.0 6
1983 1988 1992 1995 1998 2000

7 1981 1991 2002 2003 2004 2008 2009
3.5

1.58 0.64 1.6 0.83
 ( 57.87% 40.29%) 1.64 0.65

2.58 0.2
1.92 0.41

79.52% 77.59%
74.7%  

 

3.5  
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3.25
20% 25%

 (20% ) 25%

 (20% ) 
25%

 
 

   

3.25 
20% 25%

20% 25%
 

 

3.26 NCEP Reanalysis 31  (1979 -2009 ) 
3.26.a

3.26b 850
3.26c

850

3.26d 850
3.26e

3.26f 850
Team1
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3.26 NCEP

 

(  
a  
b 850hpa
c 850hpa
d 850hpa
e  
f 850hpa ) 
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3.3.2 ( 2.5) 

 (5~9 ) 
(Chen and Chen 2003 Chen et al., 2007 Kerns et al., 2010)

 ( 2007 Wang and Chen, 2008)

 

 ( 2009
2009 2010 2012)

 (Chen et al., 1999 2000 Kerns et 
al., 2010)  
(Jou, 1994 2000)   

21 1979~2012 6~8
 (TSA) 1~11

10% 12~22 80%

TSA
TSA 29% Wang and Chen (2008) 31%

TSA Wang and Chen (2008)  

1960~2012 18
6~8  ( 3.27)  ( 3.28) 

60%~95%  ( 3.27a)
60%

80%
 ( 3.27b) 

95%
 ( 3.27c) 

95%
 

 ( 3.28a)
80%

Chen et al., (2007) TSA
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 ( 3.28b) Chen et al., 
(2007) TSA TSA

TSA  ( 3.28c) 
95%

80%  
 

 

3.27 1960~2012 6~8  (a)  (b)  (c) 
60%~95%

 

 

3.28 1960~2012 6~8 TSA (a)  (b)  (c) 
60%~95%  

 

 ( )
 ( )  ( )  (
)  ( ) TSA
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TSA
95% TSA  ( 3.29) 

95%
90% TSA

 
 

 

3.29 1960~2012 6~8  (a) (b) (c) (d)  (e) 
TSA

 
 

 ( 3.30b) 
TSA TSA  ( 3.30c)

 (�T/�P)  (q) 
TSA

TSA ERA-interim
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3.30 1979~2012 1000mb ~ 700mb  (a) 6~8 1000mb ~ 
700mb  (b) 6~8  (c) TSA  
 

TSA  ( 3.31a-e) 
TSA

TSA TSA
 ( 3.31f-j) TSA

 

3.3.3  ( 2.6)

300 12 34  
( )  (Joint Typhoon Warning Center JTWC) 

1965 2012 48
 ( 3.32 )

 (ACE PDI 3.32 )
 ( 3.32 )

 (ACE PDI 3.32
) 
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3.31 1960 ~ 2012  (a) (b) (c) (d) (e) TSA
850mb 1960~2012  (a) (b) (c)

(d)  (e) TSA 850mb
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3.32 1965 2012  ( )  ( ) 
 (Accumulated Cyclone Energy ACE) 

 (Power Dissipation Index PDI) >34knots >83knots
114knots  

 

26
 (Yumoto and Matsuura 2001)  (Hung 

2013)
Tu  (2009) 

500 5870 5875
 ( 3.33) 
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1990
2001 2004 1983 1988 1993 2002

 ( 3.34)

 
 

   
 

 

3.33 1981 2010 5870
5875  

 

 

3.34 500  (1990 2001
2004)  (1983 1988 1993 2002)  
 

26
 ( 21 26 120 130 26 31 120 130 )

 ( 3.35)  
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500 120 130 0 40
3.36

1979 2009
0.7 0.58  

 

3.35 1965 2012  
 

 
 

 

3.36 1979 2009

 
 

0.8
4 5

1 2
28
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23
 ( 3.37)  

MRI-AGCM
21 500

 ( 3.38)  
 

    

3.37 500
500

 

 

 

3.38 MRI-AGCM  ( )  ( ) 500
21  (21

)  
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3.3.4 ( 2.7)

50.5 

2.5 NCEP II (NCEP-DOE, Kanamitsu et al., 2002) 0.5
NCEP-CFSR JTWC (Joint Typhoon Warning Center) 

 

 (Chen et al., 1998; Yumoto and Matsuura 2001; 
Matsuura et al., 2003;Chan and Liu 2004; Ho et al., 2004; Chan 2005; Li and Zhou 2012; Liu and 
Chan 2013) MJO (Madden and Julian Oscillation)  (Maloney and 
Hartmann 2001; 2005; Camargo et al., 2007; Kim et al., 2008; Ko and Hsu 2009; Li and Zhou 
2013) 10-20

 (Wavelet Transform) -
 (Huang-Hilbert transform empirical normal mode decomposition EMD, Huang and 

Coauthors 1998) Morlet wavelet -
Morlet wavelet EMD

10-90  

3.39

 (e.g. Wu and Wang 2004; Ho et al., 2004; 
Camargo et al., 2007; Xie and Yan 2007; Liu and Chan 2008; Choi and Byun 2010)

 Wu and Wang (2004) 
3.39 A

B C  Wu and Wang (2004) 
 

 ( 3.40a
)  (39.1%)  (38.6%) 

22.3%
A

90% A  

3.40 3.40b 10-90
10-90
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 ( 10-90 3.40c) 130 �E
A 10

 ( 3.40c) 10-90  ( 3.40b) 

10  
 

 

3.39 1979-2008  
 

 

3.40 1979-2010 850 hPa (a) 
(b) 10-90 (c) 10  ( 10-90 )  
 

1960–2010  ( 3.41) 
A 1984

2010 80
B C

Liu and Chan (2008) PDO
Morlet wavelet 2-4

B C 20-30 B C
20-30 A  
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3.41 1979-2008
 ( A 0.8 B 0.87 C 0.9) B C  (B 0.95

C 0.81)
A  (

-0.41)
A  

A
1980

30
1975-1992 1993-2010

1901 2010 3.42
2-4

1960 2010 10 30
 

 

  
 

 

3.41 1960-2010 (a) (b) 
11 A B

C  



 

� 79 � 

 

3.42 1901-2010 Morlet wavelet - - (
numbers2/year2) 95  
 

A 1980 A
1979-1993 A 1994-2008 A 3.43a 3.43d

A A A 3.43b
3.43e A 140�E 

140�E A  (87 )  
(72 ) A

A
 ( 3.43b 3.43e)  

3.43c 10f 10-90
A A 10

 

3.3.5 ( 2.8)
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Natural 
hazards and the risks they pose to South-East Queensland 10
1979~2003  (percentile) 95

 
 

 
 

 
 

 

3.43  1979-1993  (a) (b) 850 hPa  (
/15 5o × 5 o) (c) 850 hPa 10-90

(d)~ (f)  (a)~(c) 1994-2008  
 

WRF-MRI WRF-ECHAM5
ECHAM5 Max Planck Institute ECHAM5/MPI-OM

A1B NCEP-CFSR  (WRF-CFSR) 
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1979~2003 5

 

3.44  (1979~2003 )  
WRF-ECHAM5 WRF-CFSR WRF-MRI

 

21  (2075~2099 )
 ( 3.45a 3.45d) WRF-ECHAM5

WRF-MRI 21

WRF-ECHAM5 WRF-MRI  ( 3.45b 3.45e)

 ( 3.45c f) WRF-ECHAM5
WRF-MRI  

95
 ( 3.46)

WRF-ECHAM5 28 21 31 WRF-MRI
27 21 30 21 3

WRF-ECHAM5 29~32 800 WRF-MRI
800 28~30  

 

 

3.44 1979~2003  (a) 
WRF-CFSR (b) WRF-ECHAM5  (c) WRF-MRI  
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3.45 21 21
21 WRF-ECHAM5

WRF-MRI  
 

 

3.46 (a) WRF-ECHAM5  (b) WRF-MRI
21  

 

21  ( 3.48) 3.47
ECHAM5

MRI
 



 

� 83 � 

 

3.6 25
WRF-ECHAM5 WRF-CFSR

WRF-MRI WRF-CFSR 21 WRF-ECHAM5
WRF-MRI WRF-MRI WRF-CFSR

WRF-ECHAM5 21 WRF-MRI
WRF-ECHAM5 WRF-ECHAM5 WRF-MRI

21 WRF-ECHAM5
WRF-ECHAM5 WRF-MRI

21 WRF-MRI WRF-ECHAM5
 

3.47 NCEP-CFSR
MRI

NCEP-CFSR
ECHAM5 NCEP-CFSR

NCEP-CFSR ECHAM5 MRI
 

21  ( 3.48) 3.47
ECHAM5

MRI
 

 

3.6 WRF-CFSR WRF-ECHAM5 WRF-MRI
25  
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3.47  (a) NCEP-CFSRP  (b) 
ECHAM5  (c) MRI 10  

 

 

3.48 21  (b) ECHAM5  (d) MRI
10  
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Team3 TCCIP Team1 Team2 ( )
(Bottom-Up)

( ) Team3
4.1 Team3 Team1

Team2 Team3
 

 

 

4.1 Team3  
 

Team3 NCDR

Team3
 

4.1 Team3 Team1 Team2
Team3 (1) 

(2) (3) 
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4.1

 

4.1.1 —  ( 3.1

3.2)

TCCIP Team3

 ( ) 

 

(1)

1.

TCCIP ( MRI-WRF-5km)
MRI-WRF-5km  (1979-2003 )  (2015-2039 ) 21  
(2075-2099 )  ( ) 

 (.wth)  

Yao et al. (2000) DSSAT (Decision 
Support System for Agrotechnology Transfer) 3.0 67

15 cm × 30 cm
22 /

 

MRI-WRF-5km
 (25 )  (GIS) 

 

�� � ��
� � �
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2.

TCCIP  (AR4 24 GCM
)  

1980-1999
(dependent variable)

1980-1999
 (

)  ( ) 

 ( )
 

20
 (bootstrap method) 

100 20  ( )
 (Efron and Gong, 1983) 100

 

(2)

 (1979 - 2003 ) 
9066 kg ha-1 (25 )

(7341 kg ha-1 )
(7341 - 8510 kg ha-1)

 ( 4.2a) (2015 – 2039 ) 8739 kg ha-1 
(25 )  
(6171~7340 kg ha-1 )

 (7341~8510 kg ha-1)
 ( 4.2b) 21  (2079 - 2099 ) 7713 

kg ha-1 (25 )  (6170 kg ha-1 )
 

(6171 - 7340 kg ha-1)
 ( 4.2c)  
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4.2 (a) 1979 – 2003 (b) 2015 
-2039 (c) 21 2079 – 2099  
 

( 4.3a) -3.6%
328 kg ha-1  ( -7.8 ~ 6.7 %)

 ( ) 21
 ( 4.3b) -15.0% 1353 kg ha-1 21

 ( -22.9 ~ 19.8 %)

 ( -19.7 ~ 16.7%)  (-7 ~ 3.9%) 21

 

(3)

4.4 1980-1999
1980 4.1

4.1 “ ” “ 2”

 

4.2 LARS-WG

1.34 1.46
1.38 1.46

 

(a)                          (b)                          (c) 
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4.3 (a) 
(b) 21  

 

 

4.4 1980-1999  
 

  

4800

5200

5600

6000

6400

6800

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Kaoshiung Tainan

1980-1999 Rice yield for Tainan and Kaoshiung

(a.)                                 (b) 
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4.1 1980-1999  

 
 

  
    

 -19.94** 
(-2.93) 

-5950* 
(2.67) 

-22.98** 
(-3.65) 

-4590. 

(2.04) 

 0.016*** 
(4.20) 

6.02* 
(2.61) 

0.014*** 
(5.03) 

4.60. 
(2.04) 

2 - -0.00* 
(-2.59) - - 0.00.

(-2.03) 
( )  

“.” 10%  
“*” 5%  
“**” 1%  
“***” 0.1%  

4.2  (2020-2039)  (2080-2099) 
 

- - - -
 (ºC) 15.26 19.05 21.45 22.78 24.58 
 (ºC) 16.60 20.40 22.87 24.24 26.02 
 (ºC) 24.25 28.09 30.31 31.22 32.67 
 (ºC) 25.59 29.45 31.72 32.67 34.11 

 (mm) 1.10 0.82 1.38 3.05 6.69 
 (mm) 0.95 0.77 1.39 3.12 7.19 

- - - -
 (ºC) 13.21 16.03 17.65 18.86 20.20 
 (ºC) 14.59 17.38 19.06 20.32 21.64 
 (ºC) 22.41 24.91 26.40 27.02 28.33 
 (ºC) 23.79 26.26 27.81 28.48 29.77 

 (mm) 1.33 1.53 2.59 6.65 12.56 
 (mm) 1.17 1.44 2.58 6.77 13.41 

 

4.3

 ( -
)  ( - ) 

 

4.4 4.5 100  ( 15 ) 
100 -

-
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4.4 A1B 24
12,538

14,184 4.5 A1B
24

6,874 18,774

 
 

4.3  

   Maxt2* Maxt22 Mint1 Mint12 R-squ. Adj. R-squ.
 -392 0.014 218.61 -32.71 -4.20 0.76 0.69 0.59 
 -318 0.016 182.40 -27.31 -6.51 1.12 0.66 0.54 

* Maxt2  ( - )  
Mint1  ( )  
“2”  

 

4.4 100  ( 15 )  

  Maxt2 Maxt22 Mint1 Mint12 
  

-318.42 0.02 5.63 -0.92 3.36 -0.77 -810 -891 

-318.42 0.02 119.2 -17.88 8.46 -1.64 -8,155 -9,246 

-318.42 0.02 150.53 -22.52 0.97 -0.24 -9,912 -11,222 

-318.42 0.02 310.27 -46.39 2.97 -0.65 -20,140 -22,845 

-318.42 0.02 165.36 -24.76 -5.55 0.94 -10,694 -12,092 

-318.42 0.02 -104.54 15.67 -174.21 31.43 11,063 13,079 

-318.42 0.02 281.33 -41.96 21.64 -4.13 -18,762 -21,334 

-318.42 0.02 150.7 -22.67 -13.29 2.44 -9,589 -10,814 

-318.42 0.02 -100.49 15.08 226.15 -41.86 -144 -754 

-318.42 0.02 399.04 -59.51 43.73 -8.21 -26,841 -30,572 

-318.42 0.02 194.48 -29.14 18.39 -3.46 -13,223 -15,030 

-318.42 0.02 341.27 -50.94 45.27 -8.19 -23,174 -26,407 

-318.42 0.02 87.04 -13.16 -38.45 7.06 -4,849 -5,360 

-318.42 0.02 352.37 -52.82 -47.66 8.66 -21,505 -24,253 

-318.42 0.02 136.97 -20.47 -48.8 8.8 -7,689 -8,561 

*      -12,538 -14,184 
* 100  

“2”  
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4.5 100  ( 15 )  

  Maxt2 Maxt22 Mint1 Mint12

  

-392.55 0.02 -119.81 18.07 62.28 -11.22 1,878 7,484 

-392.55 0.02 395.16 -59.18 -41.70 7.22 -10,662 -29,855 

-392.55 0.02 152.83 -22.63 76.95 -13.53 -5,886 -13,700 

-392.55 0.02 224.64 -33.55 49.62 -8.92 -7,491 -18,762 

-392.55 0.02 269.28 -40.34 -20.33 3.61 -7,505 -20,626 

-392.55 0.02 100.85 -15.06 -229.12 39.92 782 -2,933 

-392.55 0.02 210.25 -31.37 -9.60 1.64 -6,024 -16,253 

-392.55 0.02 170.43 -25.46 81.25 -14.36 -6,524 -15,304 

-392.55 0.02 843.09 -126.41 543.69 -96.26 -33,509 -77,940 

-392.55 0.02 285.49 -42.79 2.01 -0.34 -8,359 -22,404 

-392.55 0.02 96.96 -14.43 60.68 -10.80 -4,120 -9,169 

-392.55 0.02 453.35 -68.06 -151.82 26.50 -10,422 -31,953 

-392.55 0.02 220.81 -33.05 25.73 -4.53 -6,958 -17,932 

-392.55 0.02 298.57 -44.60 70.61 -12.40 -9,876 -24,875 

-392.55 0.02 308.74 -46.10 -86.24 14.98 -7,447 -22,103 

*      -6,874 -18,774 

* 100  
   “2”  

 

(4)

 (IPCC, 2001, 2007) CO2
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4.1.2 —  ( 3.3)

IPCC AR4
IPCC AR4 A1B

24
168 1

 

AR4

1 2
TCCIP  (

) 
 

(1)

GIS
ArcGIS Spatial Analyst GeoStatistical Analyst GeoDa

GIS
 (spatial pattern)  

1. 
 (Logistic 

regression)
 

2. 

Auto-regressive integrated moving average (ARIMA) 
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GeoDa  (Ordinary Linear Square)
 (spatial lag model)  (spatial error model) (Anselin, 1992; 

Anselin, 2005)
 (Ordinary Linear Square) 

 

(2)

 ( 4.5)
IPCC AR4

 (2020~2039 ) 
IPCC AR4

NCDR 2020  (
2011) 2009 1998-2002

24 giss_aom
iap_fgoals1_0_g  ukmo_hadcm3

24 giss_aom iap_fgoals1_0_g ukmo_hadcm3
 ( 4.6)

4.6
 (Wu et al., 

2009) 
 

IPCC AR4 A1B 24
14  ( 9 15 ) 176  ( 175

177 ) 168  ( 166 174 )
17,807,044 17,778,503

17,856,751 ( 4.6) 3.5  ( 48
168 ) 5  ( 3,966,173

17,807,044 )  
 

  



 

� 95 � 

 (a)                       (b)                        (c) 

 

4.5 (a) 1998 2002
(b) 1 ºC (c) IPCC A2

2 °C (Wu et al., 2009)  

(a)                              (b) 

      
(c)                            (d) 

   

4.6 IPCC AR4 A1B (a) 24
(b) giss_aom (c) iap_fgoals1_0_g (d) ukmo_hadcm3  
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4.6 IPCC AR4 A1B  

          

    

1998 2002 a 
 120  190  48  

 3,356,593 14,877,924 3,966,173 

1 a 
 69  203  86  

 1,662,066  12,790,356  7,748,267  

IPCC AR4 A1B  (2020-2039 ) bc 

24   
 14  176  168  

 189,004  4,760,654  17,807,044  
k01 k02 k03 k04 k05 k06 k07 k08 k10
k11 k13 k14 k15 k16 k17 k18 k20 k21
k22 k23 k24 

 14  176  168  

 189,004 4,760,654 17,807,044 

k09 
 14  177  167  

 189,004  4,772,267  17,795,431  

K12 
 9  175  174  

 84,958  4,814,993  17,856,751  

K19 
 15  177  166  

 196,040  4,782,159  17,778,503  
( )  
 a.  (Wu et al., 2009)  
 b.  k01=bccr_bcm2_0 k02=cccma_cgcm3_1 k03=cccma_cgcm3_1_t63 k04=cnrm_cm3  

k05= siro_mk3_0 k06=csiro_mk3_5 k07=gfdl_cm2_0 k08=gfdl_cm2_1  
k09=giss_aom k10=giss_model_e_h k11=giss_model_e_r k12= iap_fgoals1_0_g  
k13= ingv_echam4 k14=  miroc3_2_hires k15= miroc3_2_medres k16= miub_echo_g  
k17= mpi_echam5 k18= mri_cgcm2_3_2a k19= ukmo_hadcm3 k20= ukmo_hadgem1  
k21= ipsl_cm4 k22= inmcm3_0 k23= ncar_ccsm3_0 k24= ncar_pcm1  

 c. 2020  (NCDR )  
 

4.6
1  ( 4.5b) 

AR4  ( 4.6a) 
1 2  ( 86 168 ) ( 4.6)

 

(3)
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 ( ) 
 

100

11
� 18 °C

1 °C 55 103
1.96 IPCC AR4 A1B
5

 

 (National Environment Comission et al., 2006 Riedel, 
2004)  (Casimiro 
and Calheiros, 2002 Ministry of Environment and Forest and Government of India, 2004 Moreno, 
2005 Casimiro et al., 2006)

 

4.2

 

4.2.1  ( 3.4) 
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56.2
213 31

17  ( 4.7)  
 

 

4.7 17  
 

(1)

4.8
TRIGRS TRIGRS

Flo-2D
17
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4.8  
 

(2) TRIGRS

 (40m)

 (2012) 
 ( 2006 2011 2012)  

 (TCCIP) 
Top1

81  
(Kriging) ArcGIS9.3 ASCII

4.9
 

12
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4.10 18
36

 
 

 

4.9 48  
 

 

4.10  ( )  
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 ( 4.11) 
30 50

 
 

 

4.11  
 

(3) FLO-2D

Flo-2D O'Brien Julian

 ( 4.7)  

72

 ( 4.8)  
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4.7  

 
  

    

0.5 2.65 1000 8.123 0.868 1.303 0.048 

4.8 17  

  ( )  (hr)  (cms) 

DF038 84.746 1.129 4188.577 

DF044 63.291 1.008 1239.553 

DF045 45.662 0.564 715.713 

DF046 65.789 0.846 648.806 

DF054 84.746 0.644 1051.955 

DF056 63.291 0.842 646.844 

DF057 129.87 0.503 208.56 

DF058 45.662 0.768 3704.293 

DF062 93.458 1.414 503.897 

DF071 120.482 0.362 226.638 

DF074 83.33 0.511 164.639 

DF075 63.291 0.645 1323.16 

DF076 169.492 0.516 361.886 

DF077 129.87 0.375 208.521 

DF078 129.87 0.61 600.925 

DF079 93.458 0.531 262.983 

DF080 66.225 0.445 1249.222 
 

4.13 17
 ( DF074) 14

4.13

3 1.5-3 0.5-1.5 0.5
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4.13  
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(4)

5
DF074 DF078

4.9

 

2011

14,037,000m3  

 

4.9  

 (m3)  (m3)

DF038 8,372,377 5,928,106 0.708 

DF044 560,781 254,716 0.454 

DF045 2,844,760 843,599 0.297 

DF046 1,860,479 1,342,198 0.721 

DF054 422,420 190,753 0.452 

DF056 2,395,043 1,942,093 0.811 

DF057 642,860 257,782 0.401 

DF058 7,197,462 821,853 0.114 

DF062 754,674 411,048 0.545 

DF071 751,413 675,402 0.899 

DF074 581,278 0 0.000 

DF075 855,437 286,169 0.335 

DF076 1,037,969 331,689 0.320 

DF077 576,935 311,349 0.540 

DF078 1,736,240 0 0.000 

DF079 508,815 336,188 0.661 

DF080 444,600 104,471 0.235 

 31,543,543 14,037,416 0.441 
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4.2.2  ( 3.5)

FVCOM (Finite Volume Coastal Ocean Model, Chen 
et al., 2004, 2006) 

Mellor and Yamada 
(1982) level 2.5 Smagorinsky (1963) 

 (Weisberg and Zheng, 2006a, 2006b, 2008; Aoki and Isobe, 2007; Rego and Li, 2009a, 
2009b)  

 

(1)

 
( )  ( ) 

7
4.10  

(AME) 0.12 0.14
 (1979-2003)  (2015-2039)  

(2075-2099) 7 4.11

 
 

 

4.10  
 



� 106 � 

 

 
 

 
 

 

4.11  
 

(2)

4.54  ( )
7
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 ( 4.11 ) 0.12  ( 12 ) 4.12

4.13

 
 

4.12 7  
 

 

4.13 
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4.2.3 ( 3.6)

SOBEK

 

99

 

 

 (Bias Correction, BC) 
 (Top1-Top3) 

 (  
(2/3) ) 3  (Top1-Top3) 

4.10 4.10 Top1 Top1
 

 

4.10  

 
                

 (mm) 
 

 (mm) 
 

(hr) 
 
 

Top1 1997/08/22/12~1997/08/27/12 870.13 1502.51 121  
 
 

Top 2 1981/08/03/18~1981/08/07/12 477.87 948.84 91 

Top 3 1992/08/30/00~1992/09/02/18 315.07 628.05 91 

Top 1 2017/07/08/00~2017/07/11/18 502.63 892.98 91  
 
 

Top 2 2030/08/07/18~2030/08/10/06 430.27 713.2 60 

Top 3 2037/07/25/06~2037/07/27/06 376.3 587.23 49 

Top 1 2078/07/21/12~2078/07/23/12 846.06 1295.35 49  
 
 

Top 2 2090/07/14/18~2090/07/17/12 738.24 1204.20 67 

Top 3 2085/05/25/12~2085/05/27/06 551.08 792.6 43 
 
 



 

� 109 � 

(1)

BC
Top1

 (1)  ( 4.14)
4.15 Top1  (144hr)

4.15 Top1 (20751BCTop1) Top1 (1979BCTop1) 
Top1 (20751BCTop1) Top1 (2015BCTop1) 
Top1  

 

 BC  

4.14 Top1  
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4.15 Top1  (144hr)  
 

4.11 QP 4.12 BC
2.3.2-5 2.3.2-6 QP

1.34 1.78 1.56 1.91 QP  

(1) 100 9,890cms 4.12
1.2 1.9 (1)

12,049cms Top1 1.6  
 

4.11 QP  

   /  

1979-2003 (Top1) 7592.792 13531.38 1.78 

2015-2039 (Top1) 6916.617 11782.82 1.70 

2075-2099 (Top1) 14049.32 18891.62 1.34 

 

4.12  

   /  

1979-2003 (Top1) 300160.5 573236.0 1.91 

2015-2039 (Top1) 205398.3 373033.5 1.82 

2075-2099 (Top1) 354752.3 552700.7 1.56 

 

0
100000
200000
300000
400000
500000
600000
700000

1 12 23 34 45 56 67 78 89 10
0

11
1

12
2

13
3

14
4

(m
3 )

(hr)

1979Top1

1979bcTop1

2015Top1

2015bcTop1

2075Top1

2075BCTop1



 

� 111 � 

(2)

FVCOM
SOBEK  

SOBEK
 

4.16
 

 

4.16  
 

Top1
 (2/3) ) Top1

 (Top1_BC) 
SOBEK 4.17  

140
4.18  

SOBEK
1D 2D

2D
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4.17  (Top1_BC)  

 

4.18  
 

 (2079 ~ 2099 )  (Top1_BC)  (
4.19) 4.19
Top1_BC ,  (

)
 

 

0

10

20

30

40

50

60

70

80

90

1 5 9 13 17 21 25 29 33 37 41 45

TOP1_2D_rainfall

�0.80

�0.60

�0.40

�0.20

0.00

0.20

0.40

0.60

0 4 8 12 16 20 24 28 32 36 40 44tid
e 

(m
) 

Top1+ 140

( )
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4.19  (m)  

4.3

(1)  (2) AGCM
Team3  (1) 

(2)  (3)  

4.3.1  ( 3.7)

 (2007-2011) TCCIP 2012 MRI
WRF 5

1 (MRI-WRF-5km)
 ( 102

 (3/3) )  

Team3
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(A1B) (MRI)
IPCC

TCCIP LARS

4.20  
 

 

4.20 

 
 

(1)

300

4.21 MRI-WRF
 ( 4.21b) ECDF

 

(2)

ECDF
4.22

1 4.23
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(a)  (b) MRI-WRF  (c) MRI-WRF  

4.21  (a) (b) MRI-WRF (c) MRI-WRF
 

 
 (�	
��) 

4.22  ( )  

 
466900 

 
72C440 

4.23  (466900)  (72C440) 
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4.24 MRI-WRF
4.24a

MRI-WRF  ( 4.24b)
 ( 4.24c)  

   
(a)  (b) MRI-WRF  (c) MRI-WRF  

4.24  (a) (b) MRI-WRF (c) 
MRI-WRF (b) Colorbar  

4.3.2 ( 3.8)

TCCIP  (Weather Generator WG) 25

Team2 GCM  (
) LARS-WG

 

(1) LARS-WG

 

�  (1980~1999) 
���� � 1249  

� A1B 
���� � � ������ � � ��� �� 59952 200
 

� A2 
���� � � 
����� � � ��� �� 47462 200
 

� B1 
���� � � �
���� � � ��� �� 52458 200
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4.25 4.25 A1B
4.25 A1B  ( )

4.25

 
 

4.25 A1B A1B
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4.26 4.26 A1B
4.26 A1B  ( )

4.26

4.25 4.26  
 

 

4.26 A1B A1B
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4.27 A1B 2020~2039 A1B
2080~2099

 
 

 

4.27 A1B A1B
 

 

(2)

 ( 2002) 1 12
4.28 4.30 4.28 4.29 a b

4.28 1 4
 (hot spot) 9 12

4.29

 ( ) 4.30  (R-square) 
R-square 0.3

 

 ( 4.13) 
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4.28 1 12 a  

 

4.29 1 12 b  
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4.30 1 12  (R-square)  

4.13  

 ( 2002) 

a 0.003-0.13 0.00024-0.272 

b 1.1-2.65 0.196-0.2584 

R-square 0.364-0.83 0.163-0.87 
 

AR4  (A1B, B1, A2) 

 

4.3.3  ( 3.9)

GCMs
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Matlab  

(1)

? 5
6 7 10

4 0.5mm

 

�  

 (bivariate joint distribution) 

 

 (
)

 

�  

 (Cheng et al., 2001) 

12 24  ( ) 
 (first order gamma Markov process) 

4.31
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4.31  
 

 

(2)

� 
 

 (1980-1999) 
4.14  

 

4.14  ( 467440 )  
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� 
 

4.32  
(CDF)  (ECDF) 4.32

K-S
 

 

 

4.32 CDF  ECDF  ( )  
 

12 24
 (first order gamma Markov process)  ( ) 

 ( ) 4.33

 

(3)

 (
4.34) 4.34

 

  



 

� 125 � 

 

4.33  

 

4.34  
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TCCIP

 (Data) / 
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 (Semi-Empirical Distribution SED )
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A1B 1249 ( ) ×24 (GCM ) ×2 ( ) 59952 20
 

A2 1249 ( ) × 19 (GCM ) × 2 ( ) 47462 20
 

B1 1249 ( ) × 21 (GCM ) × 2 ( ) 52458 20
 

Semenov M.A. & Barrow E.M. (1997): Use of a stochastic weather generator in the development 
of climate change scenarios. Climatic Change 35, 397-414. 
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5.2.4  2014 TCCIP International Workshop on Climate Change  

TCCIP 2014 TCCIP International Workshop on 
Climate Change 2014 1 13-16

 

� Climate projection and analyses 

� Global and regional climate analyses. 

� Global climate modeling 

� Climate change downscaling 

� Dynamic downscaling methods and data analyses 

� Statistic downscaling methods and data analyses 

� Impact assessments 

� Applications and impact assessments in hydrology, disasters, health and agriculture etc. 

� Climate services 

� Experience sharing in climate information service and communication between user and data 
producer nationwide and worldwide. 
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