
 

 

 

 Ӵ М Ҷ Є  

 

Є  ᾬ  ׁש ṅ Ἤ 

  Ђ    ѝ 

 

ᵓӣᶝ֮Ṇ қ ᾌ ֝о

Ṇ Ḃ ứ ​ : SoWMEX IOP8 

иέ 

 

∑ṅ Ӣ : Ώ שׁ  

╓  : ׁ  Ђ 

           ῡ Ђ 

 

 

 

М  Ӗ   Ϛ 0ҳ  ד  г  ѣ 



 

I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

II  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

III  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

I 

 

 

 
  ӐׁשṅṿӣϚ ֥ᶝ֮Ṇ қ ᾌ (LETKF) щ ṅשׁ

Ȳ֝оֵ(WRF)ה Ϭ Ȳ ⁮ᴫד2008 ☼ (IOP8)

ᾼẒ иέ Ȳ Ẓ (0614ȳ0616)иᵑ ү ⁮ ẃ Є

​ȲᴖӐׁשṅᾼ ӭᾼⱢ ױ ֝оṆ ╥ᵡ Ḃ ​ ᾼ

​ ϩѿцḂ ᾼ ⇔ȴ 

 

  ֯ 0614ᾼ Ȳ Ԓѩ ֯ ṿӣ 0dbz ḥṿӣ 0dbzᾼ֝о Ȳᴖ

Ὠ ӱȲ֯ḥצ ֫ᾌᾼᴯ ϱ 0dbz צ ᾼ ạ Мה ᾼ֫ᾌ

ӢכȲѹЛ ᵅѻ ​ ᾼ ​ ⇔ȴᴖ֝о  ⇔ӦϚЊ Ғ ⱢẒЊ

∟ ​ ֯ ᾼ ∟ Њ ѩẔ҃ ֻȲᵀ╥֯› ắẞ EnKF

ᴖצᵅᴷ ​ᾼ Ȳ Ȳױ ѿ ᴩ EnKFῴỞо

ҏ ​ ᾼЄѐ⇔Л ứἤȲӼ  ᵓὑ֝оȴצ

 

  ֯ 0616ᾼ ȲӦὑ֯ү ὧ ‍ ᾼῴỞ Ȳᴖṿ

Ὠ֯ױ צ Єᾼ ȴ ᾿ ṿӣ ECMWF ԛиέ Ἤ ᾼ

Ϛ ױ ᶮṳḥצṪ Ȳѩ ԛиέ ∟ ȲѬד І֯ ∟

ᾼиӁ ᶮ ԛиέ ᾼ צ⇔ ȲӦὑױ ᾼԛиέ ⇔ ЄȲ

ᾼ ᶮϷ Ȳᴖױ Ϸ֪ ᴖצ ═ ᾼ ᶮȴᵀү ᴫ⁮

Ѡᾼ ​Ϛ צ ֻᾼᴷ Ȳ֪ױ ֥Ẓ ᾼ ὨȲṿӣWRF-LETKF

֝оṆ צ Ḃ ​ᾼứ ​ Ὠȴ 

 

 



 

II  

 

Abstract 

The Local Ensemble Transform Kalman Filter (LETKF) method, coupled with 

Weather Research and Forecast (WRF) model, is applied to assimilate data from five 

Doppler radars in Taiwan, with the purpose of investigating the improvement on 

short-term quantitative precipitation forecast (QPF) for rainfall events occurred during 

the Mei-Yu season. Two heavy precipitation cases from the 2008 SoWMEX IOP#8 

field experiments are selected. 

 

The overall results demonstrate that by using WRF-LETKF to assimilate the 

radar data, the performance of model QPF for representing the Mei-Yu rainfall can be 

significantly improved. In the first case of June 14, 2008, it is found that by 

assimilating the 0 dBZ data, the spurious convection can be effectively suppressed. 

Extending the length of the radar data assimilation to two hours produces better 

rainfall forecast results. Generating initial perturbations from randomly selected, 6-hr 

apart data from the NCEP 1ox1o re-analysis data turns out to be a better way to 

capture the uncertainty related to the Mei-Yu frontal flow than the original NCEP 

NMC method does. 

 

The same model setup and assimilation method is applied to the second event on 

June 16, 2008. The pattern and amount of the forecasted rainfall pattern and over 

southwestern Taiwan indicates a very encouraging result. However, the rainfall 

prediction over eastern Taiwan becomes unrealistic strong, and this over-estimation 

cannot be mitigated due to the lack of radar data in this area. This indicates the 

importance of having a complete radar coverage over Taiwan and vicinity area. 
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Ϛȳ      

1-1 ›ṕ 

 

ү ᴯὑ ӻꜜȲᴫѠצ ṸЄ ᴖὧѠצыӂ◦Ȳ ὑ ᴖ

֮ủ Ȳү ֮ᶮ ȲЍ  ȲЄ ᵧὧҖᴫ⁮ṛ֣ȲῸ

Ɫѻ ᾼ ​ ȲҍủᵬὧҖủ Ȳ ủᵬᴫ⁮ủ Ȳѹ צ – ȴү

֯ ​ṶԈП∟ Ӣḳ Ȳֽ֪ױὨ ᾼ ῀ ​Ἤ֯ᾼ֮ Ȳ

​ᾼ ȲϷ ╥ứ Ѭ (Quantitative Precipitation Forecast)Ȳᵛ ֯

​Ṇ ẞ П› Ȳᴖ ẁṮḳ ᴯ ḳ ᾼ ҷ ẞ ᵅȴ 

 

Ϭ ẓצ Ὲ έ⇔ᾼ ἤȲ ᵛ ẞЄ МѬד І

ᾼϮ Ȳ ὑ ​Ṇ ᾼ ϩ ϱ צ ֻᾼ έȲᵀү ֮ᶮ

ȳЍ ἋᴼȲ צ Ȳ֪ױӐׁשṅṿӣֵ Ϭ ѿậ

​Ṇ Ḇᶙ ᾼ ȴ 

 

֝о ☼ѐ⇔щ Бדֵצ ҭȲᵀῺϫדẃ EnKF֝о

ᾼ ϩ Ởắẞ ӣ ȴῺ үד Ӽ ҏᴞАᾼ EnKF֝ о

Ṇ ȲױṆ Ɫ ֥ LETKF WRF ṅṿӣWRF-LETKFṆשȴӐׁה ṅשׁ 2008

⁮ᴫד ☼ Ȳֵ ​ Ṇ ϯ ☼ ​ ᾼ ȴ

֝о Ȳ ה ֥ ᾼ Ȳ Ӧ ​ ᾼ Ȳ

ὑ ​ ἬḂצ Ȳṳ ѿϠ WRF-LETKF ὑ ​ ᾼ ϩȲḆ

ὑ ​ᾼ ῀ᴖ ᵅ֮ ϱḳ ᾼ ҷȴ 

 



 

2 

 

1-2 ѝ ֫  

 

ṿӣװ EnKFṆ ֝о ╥ Snyder and Zhang(2003)ỞȲSnyder

ϢṿӣṆ Ѡ ᾌ (ensemble square-root filter ; EnSRF ; Whitaker 

and Hamill 2002) Ȳ֯ Ṇ ᾼ ▐ ( Observing System Simulation 

Experiment ; OSSE) ϯ ֝о иέҏ ☼ ᾼ Ȳᴖ

Dowell et al.(2004)֯ ᾼ ϱϷ ẞ ☼ ᾼ ȲZhang et 

al.(2004)ׁשṅ ὙῴỞṆ ὑиέ Ὠᾼῶ ế иӁ иέ Ὠᾼ

⇔ȲTong and Xue(2005)ṿӣ ᵌἮ Є Ἤ ᾼ ARPS(Advanced 

Regional Prediction System)הẃ ֝о ֝о ᾼ Ȳ ֯֝о

Ȳ ӣẃ֝о Ẕד ἤ ᾼ ה ᾼиέ Ὠ ֻȲZhang et 

al.( 2009)ṿӣWRF-EnSRFṆ ғᾼ֝оכ ∟ȲḂ Humberto ᾼ

Ȳᴖѹ ҏϠ ẦѠװ ᶝ֮оᾎ (Successive Covariance 

Localization ; SCM)ȲṿӣЛ֝ѩẂᾼ иᵑ֝оϮ ȲиᵑḂ

Л֝ѐ⇔ᾼ☼ ἤȲѹ ẃ 3DVARѩ Ὠ ֻȲAksoy et al.(2009 2010)

ṿӣѿṆ қ ᾌ (Ensemble Adjustment Kalman Filter ; EAKF ; 

Anderson 2001)Ɫѻ ▐ ᾼ DART(Data Assimilation Research Testbed)Ṇ Ȳ֝

о Ϭ ȲиέЛ֝ ᾼ ☼Ṇ ֯֝о ᾼи

έ Ὠῶ Ȳ ֝о 0 dbz∟ᾼ Ȳếѩ иέ Ὠ ​ Ὠᾼῶ П ᾼ

ἤȲTsai et al.(2014)ṿӣWRF-LETKF ֝оṆ ү ϝῖᾼ

֯ OSSEᾼ ▐ϯכғᾼḂ Ϡ Ἦᵌᾼ ​ ϩȴ 

 

ᴖ ὑ SoWMEX IOP8 ᾼׁשṅ ᾼѝ :צ Tai et al(2011) ứ ᴫד2008

⁮ ☼ ᾼϚ ѬṆ ѿ VDRAS(Variational Doppler Radar 

Analysis System)ҳ и ֝оѠᾎ ӣ֯ү ֮ᶮϱȲḂ Ϡ ​ᾼ
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ὨȲᴖ (2012) VDRASᾼиέ ֥ WRFᾼ ה ϚḔḂ Ϡ

IOP8 0614 ᾼ 4Њ в ​ Ȳᴖ (2014)ṿӣ Liou(2001) ҏᾼ ϩ

ч ѠᾎȲ Ѭӂц₣᾿ Ѡ цה ϩѠ ה ֥֯ Ϛ ẗ МȲ

Ϭ ẞ ϚḔч ҏϮ Ȳṿӣ 3DVARᾼѠה ẞϮ

ᾼ ϩ ⇔ ⇔ Ѭ ᾼѠהẃ֝о IOP8 6 ѣ 14ѡᾼ

Ȳ ὨϷḂ Ϡױ ᾼ ​ ȲYang et al.(2014)⁄ṿӣWRF-LETKF

֝оṆ ֝о GPSRO ╦ Ȳ ╦ ὑ ​ᾼ Ȳ֯֝о

COSMIC RO ᷉ṔП∟Ȳ ὑ SoWMEX IOP8 6ѣ 16ѡ ᾼ ​ Ӕצ

Ȳᵀ Ἤ֝оц ᾼ ѐ⇔ЛϚ ȴᴖӐ ṅⱢἋשׁ Tsai et 

al.(2014)ᾼ Ȳѹṿӣ › ṅשׁ ⱢЛ֝ᾼѠהȲᵓӣWRF-LETKF

֝оṆ Ȳ֝оֵ Ȳѿ ὙױṆ ғᾼḂכ ​ ☼

ᾼ ᾼ ​ ϩȴ 

 

1-3 IOP8 6ѣ 14ѡ Ю  

 

  Ӑ ᾼӭᾼⱢᾼ╥ WRF-LETKF Ṇ ֝о ѿḂ ​

ᾼ ϩȲᴖ IOP8 0614Б ֵᴯ›Ϣׁשṅиέᾼ Ȳ֪ױӐׁשṅ Ԓ ӣ

ױ ᴩ֝оиέȲ 1-1 Ɫ%#-7& πȢςυЈπȢςυЈᾼԛиέ иέҏẃᾼ

200hPaщ Ȳү ᴯὑ⁮Ṹ ᾼ Ȳѹ֯ү ⁮ѠצϚ Ȳ ὑ֮

☼Ṇ צ ֻᾼ Ȳᴖ 500hPaᾼщ ẃכ( 1-2)Ȳү ҖѠצϚ

Єᾼ Ṇ Ȳᴖױ Ṇ ẃᾼ Ṇ ⇔ ҠѿכẞȲӔ ⇔ Ӧ

Ṇױ ֣ᴫ⁮ѠἋᴼᴟМ ⁮ ȲⱢү ẃ ḝᾼᴫ⁮ủ Ȳү ᴯὑ 500hPa

ᾼ ›Ȳᴖ 850hPa( 1-3)М Є ᾼиέ ὨМȲ֯ױ ⇔ Ȳᴖѹ

ᴯὑ ϱצ− ᾼד ⇔Ȳѹױ Ἤ ẃᾼ ᴫ⁮ ☼Ϸצ− ᾼѬ ׀

֯Ȳѹ֮ щ ( 1-4)ᾼ МҠѿכẞȲү ᴯὑᴫ⁮ ☼​ыӂ◦
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ᾼṆ ֥ᾼ Ȳ֪֯ױү  Ὼד Л ứȲᴖ 1-5 1-6иᵑⱢ 2008

ד 6ѣ 14ѡ 0600UTC 1100UTC ᾼ Є֫ᾌ Ȳ֯ 0600UTC Ȳ֯ү

ᴫ⁮Ѡҵ כϚצ ᾼМѐ⇔ ☼Ṇ ᶮכȲᴖ֯ 1100UTC Ȳױ ☼Ṇ

כ (squall line)Ṇ Ȳᴖױ − ᾼֽ 1-6М ӱᾼ AȳB CϮ

Ṇ ȲCṆ ֯Ӑ ᾼ֝о Ở›БἏү ὧѠ ҟȲᴖ A ц B

Ṇ ү ᴫ⁮Ѡ ẃϠ Ὼ 200 ᴏᾼѡ ​ ȴ 
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ϡȳ ׁשṅѠᾎ 

 

2-1  LETKF ֝оѠᾎ 

 

  ᶝ֮ қ ᾌ (Local Ensemble Transform Kalman Filter : LETKF, Hunt 

et al. 2007; Ott et al., 2004) ὑṆ ӂѠ ᾌ (EnSRF)ᾼẔМϚ Ȳױ ᾼ

ᾌ ứ Ṇ Ɫ ẦѠ ᾼӂѠ ȲѹЛ Ȳ֪ױҠѿ ᵍ

Ἴ ∟ᾼ Ȳᴖ LETKFḆṿӣᶝ֮оҙ ᾼ ἘȲиέ ╥ ӦϚ ứ

вᾼ ￼ Ȳ￼ ᾼד ἤϷ ᴖ Ȳҫ

ҵȲLETKF Ẕ҃Ṇ қ ᾌ Л֝ᾼ֮Ѡ╥ȲLETKF֝оѠה╥

щ ᾼה Ȳ֝о ה ֯ᶝ֮оҙ ᾼἬצ Ȳѿױ

Ѡה Ḕ֝о֢ ה Ȳᴖ EnKFȳEAKFế EnSRF⁄╥ ֝о

Ȳᵓӣḕ ẃиέẔᶝ֮оҙ вᾼ Ȳ֪ױ LETKF Л צ

Ԓ∟֝о ה Ḇ Ϸ Ԓ∟֝оᾼצ ȲLETKF צἬצ

ᾼṆ қ ᾌ ᾼ Ȳ(1)֯￼ ẃ МȲ ☼צ Ṽᾼד ἤȲ

Л ҬצϚᶁ ѹᶁ֣ἤᾼ￼ ẦѠ Ȳ(2) 4DVAR ᾼᴴ ᾼЄה

ṿӣ֝Ϛה иѠהȲ֪ ױ ὑ ᾼה иѠהЛϚ

Ȳᴴ ᾼה иѠהϷӇ Ḃ Ȳ֪ױ ᾼה Ɫ Ȳ(3)ṿӣ ᾼה

‍ ἤ ϩ ‍ ἤ Ȳ ֥Є ᾼ‍ ἤ ϩ Ȳ(4)ṿӣẦ

Ѡ ᶝ֮оᾎȲҠѿצ ᵅ (sampling error)ȴ 

 

  ֯ LETKFᾼеהМȲ Ԓ҆Ϛ Ø Ṇ֢׀ כ ᾼᾭ Ȳ i ᴩⱢ i

Ṇ ᾼ ᾭ ȲØⱢṆ ӂᶁᾼᴩ֣ Ȳ8ⱢṆ ȲẔ Ѡ

Ɫ8ה Ø ØȟÉ ρȟςȟσȣ+ȲK ⱢṆ כ ȲᴖצϠṆ ∟
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Ҡѿ ￼ ẦѠ 0Ȳ ѠהⱢ + ρ 88Ȳϱ еהМϯ

bῶӱⱢ￼ Ȳᴖṿӣиέ ⁄Ɫиέ П ֣ Ȳ⁄Ɫϯ

aȴ 

 

  ϱ еהⱢ square root filterᾼ Ӑ Ȳᴖ LETKFᾼеה⁄іӣϠϚ +

+ᾼ Ȳ᾿ ᶝ֮оҙ в￼ ᾼ Ɫиέ Ȳ еה

Ḃ Ɫ: 

0 88 808                   (2.1) 

Hunt(2007) 0 ứ Ɫ: 

0 92 9                  (2.2) 

ϱהМȲ9Ɫ ᴯ ϱᾼṆ ￼ Ȳ i ᴩⱢ i Ṇ כ ֯

ᴯ ϱᾼ￼ Ṇ ᾼ Ȳḕ а ҠѿככὌØ ὌØ ȲØ Ɫ

i Ṇ ֯ ᴯ ϱᾼ￼ ȲH Ȳ ה ẞ

ᴯ ϱᾼ ȲRⱢ ʍⱢ ᾎἤᾼ … ȲLETKFѿ￼ ᾼ

Ṇ Ὲ иӁᵂⱢиέ Ḇ ᾼ Ṽ Ȳ֯ Њоиέ Ѡ

ᾼ ѠהϯȲ ẞḆ Ṇ Ṇ ӂᶁᾼеהȲ ԒḆ Ṇ ӂᶁᾼе

 :ϯֽה

Ø Ø 8092 Ù Ù Ø 8×         (2.3) 

ώ ώ҅ῶ ȲϷ ╥֯ ϱȲ ￼ ᾼ ȲᴖṆ

ᾼḆ Ѡֽהϯ: 

8 8 + ρ0
Ⱦ

87              (2.4) 

Мѿ0ᾼӂѠהױ ῶӱWצ ֻ 1.)Ҡѿ ’8МḕϚᴩᾼӂᶁⱢ

Ȳ֪ױ Ɫ (unbias)ᾼᾭ Ȳ2.)Ҡѿ W צ0 ἤᾼ …(Hunt 

et al. 2007.)Ȳ ֥ 2.3 Ȳ×Ҡѿה2.4 Ṇ ӂᶁᾭ צ’ ᾼ ȲᴖW
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⁄╥ ☼צ Ṽ(flow-dependent)ᾼד ἤȲᴖḕ Ṇ כ ∟ᾼи

έ Ɫ: 

Ø Ø 8                       (2.5) 

 

Ӑ Ἤṿӣᾼ╥Ḃṏᴞ Tsai et al.(2014)Ἤ ᾼWRF-LETKFṆ Ȳ֯

иέḔ ṿӣ LETKF Ȳᴖ Ḕ ṿӣᾼ╥WRF(Weather 

Research and Forecasting Model) ṆױȲה Ϛ֝װоֵ

Ȳѹ֯Ḇ ה Ȳ Ḇ ᾼ ה Ȳѹḕ иᵑṿӣ

Л֝ᾼ … (inflation)Ȳ ᶝ֮оҙ (localization)Ȳ ҒԜ

ד І֯ ֫ᾌϱᾼ Ȳᴖṿӣ 2-3 Ἤ ᾼ ה

ẞ ϱȲṿӣ ếᶝ֮оҙ ᾎ(mixed localization ; Tsai et al. 2014)Ȳ֪Ɫ

Л֝ Л֝ѐ⇔ᾼצ ẦѠ Ȳ֪֝ױо ṿӣЛ֝ЄЊᾼᶝ֮оҙ

Ȳ֯Ḇ Ȳ ҒѬӂ ᾼѬӂᶝ֮оҙ ὑ ᾼ

צ ֻᾼиέ ὨȲѿ Ғ ֯֝оМᾼ ȲҫҵȲṆ М ὑ

Ϸצ ậᾼ ứȲ֯Ӑ МȲἬ֝צо ꞋҬ֝о ( ￼

)Њὑ 3 ᾼ Ȳӭᾼ╥ ’ ᾼ₇ ȴ 

 

2-2  Weather Research and Forecasting Model 

 

  Ӑ Ἤṿӣᾼ щ  WRF(Weather Research and Forecasting)╥ה

model(WRF-ARW)ȲӦּר Є רṅМї(NCAR)ȳּשׁ Мї

(NCEP) רּ ◦ Є (NOAA)֥ϩ Пщ Ȳה ṿה

ӣ֮ ᾼɖ Ȳѹ╥Ϛ Ҡ ᾼ‍ ϩ ȲӐה ṿӣᾼ╥3.3.1ᾪ

ӐȲṿӣẒ ֣Ф ᾼ ᾭ Ȳ ү Ὅ֯Ẓ ᾼӔМҶ( 2-1)Ȳ

иᵑⱢ15еṭ 3еṭȲ Ϛ Ѭӂצ 181 181 Ȳ ϡ ⁄
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331צ 331 Ȳ₣᾿Ӧɖ и45כ Ȳ ᵅ ɖ Ɫ1Ȳ ɖ Ɫ0Ȳ֯

ᾬ Ѡᾎᾼ иȲ ᾬ Ѡᾎӣᾼ╥Goddard GCE schemeȲ оᾎⱢ

Kain-Fritsch SchemeȲ ἋѷЄ ᴩ╦ ꜜ ѠᾎȲ ᾌ ӣRRTMȲ ᾌ

Ѡᾎ ӣGoddard short waveȴ 

 

2-3   

 

  WRF-LETKFᾼ￼ ẃ ה כ ᾼ ֣ ֫ᾌȲᴖ

ѻ Ẓצ Ḕ ȲϚ ╥Ὲ ϱᾼ в Ȳ Л֝ П ᾼ

Ȳ֯Ὲ ᾼ иȲ ה ᾼ᾿Ṕ ᵓӣ4/3֮ ҙ ה

ᾼ᾿Ṕ ȲП∟ ᾼ ϱ᷄ Ὼᾼ8 ה

Ȳᴖ 8 иᵑ ױ ҔᴰȲԛᵓӣ ᾼѠה

ד ᾼ ה в ẞ ϱȲᴖ ᾼ צ╥⁄

֣ (6) ֫ᾌ(:)Ẓ Ȳ ֣ Ѡ ⁄╥ṿӣϮ ᷾ ẞѿ Ɫ

їᾼ ᾼѠהȲеֽהϯ:  

6 όὼ ὺώ ύ ὺ ᾀȾὼ ώ ᾀ         (2.6) 

ẔМȲx,y,zиᵑ҅ῶ ד ὑ ᾼ᾿Ṕ ȲὺⱢ​ П

(terminal velocity)Ȳᴖ֯Marshall-Palmer​ иӁᾼ ϯȲ

Ҡѿӣѿϯеה ҏ: 

ὺ υȢτὴȾὴӶȢ”ή Ȣ               (2.7) 

ẔМȲὴⱢ֮ῶ ȲὴӶⱢ ⇔Ɫ273 K ᾼ Ȳ”ⱢῈ ⇔ȲήⱢ

​Ѭ ếѩȲᴖ ֫ᾌᾼ иҠѿככ: 

ὤ ὤ ὤ ὤ                     (2.8) 

ẔМὤⱢᴷ ᾼ ֫ᾌȲὤȳὤ ὤиᵑⱢ​Ѭȳ Ἤ Ӣᾼ ֫
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ᾌȲᴖᴷ ⱢױϮ Ѭד ІἬ Ӣᾼ֫ᾌ ҒȲᴖ҃ד иᵑᾼ еה

ֽϯ: 

ὤ
Ȣ Ȣ

Ȣ Ȣ Ȣ                     (2.9) 

ẔМȲ”Ɫ​Ѭ ⇔Ȳὲ Ɫ ȲӐ ᾼ ứⱢψ

ρπ ά (Lin et al. 1983 ; Gilmore et al. 2004a)Ȳὤᾼᴷ ⱢσȢφσ

ρπ”ή ȢȲ֝ ᾼȲὤᾼᴷ ֽϯ: 

ὤ
Ȣ Ȣ Ȣ

Ȣ Ȣ Ȣ      4 πᴈ ( )  (2.10) 

ὤ
Ȣ Ȣ

Ȣ Ȣ Ȣ            4 πᴈ  ( )  (2.11) 

ὲ ”иᵑⱢ ᾼ ᾼ ⇔Ȳ ṿӣᾼϷ╥›Ϣׁשṅᾼᴷ

ὲ σ ρπ ά (Lin et al. 1983 ; Gilmore et al. 2004a)Ȳᴖ” ρππ ËÍ ά

иᵑᾼᴷ ⱢωȢψ ρπ”ή Ȣ τȢςφρπ ”ή ȢȲᴖ ᾼ

ᴷ ֽϯ: 

ὤ
Ȣ Ȣ Ȣ

Ȣ Ȣ Ȣ                  (2.12) 

ὲ ”иᵑⱢ ᾼ ᾼ ⇔Ȳһ иᵑᾼᴷ Ɫτ ρπ ά

ωππ ËÇ ά Ȳ֪ױὤ ⱢτȢσσρπ ”ή Ȣȴ 

 

2-4  о 

 

  Ӑ ṿӣᾼ Ɫ Ȳṿӣᾼ╥ SoWMEX IOP8

Ȳּר NCAR(National Center for Atmospheric Research)֯ү ᴫ⁮ ▐

ϠϚ ᾌ ϫеи(S-band) о Ϭ (SPOL)ȲҒϱМ Ӗ МҶ

ᶝᾼϝῖ(RCCG)ȳХиЍ(RCWF) Ϝ(RCKT)ᾼ Ϭ ȲҫҵԛҒϱ

ӴМҶЄ Є ṆἬ ᾌ ⱢХеи(C-band)ᾼצ о Ϭ (CPOL)Ȳ
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ѿҔᵶ ү ᴫ⁮ ᴫ ᾼ ​ ἤȲϱ Х ᾼᴯ ֽ 2-1ἬӱȲ

Ӑ ֝о ֣ ֫ᾌȲМҶ ᶝᾼϮ ḕϝиҙᵛצϚ

PPI(plan position indicator)ᾼ (volume scan)ȲϚ ϟצ ԊṔ: 

0.5⇔ȳ1.4⇔ȳ2.4⇔ȳ3.4⇔ȳ4.3⇔ȳ6.0⇔ȳ9.9⇔ȳ14.6⇔ 19.5⇔Ȳ֫ᾌ

ᾼ Є Ҡѿ ẞ 460еṭȲ ֣ Ɫ 230еṭȲNCARᾼ S-polצϟ

ԊṔȲиᵑⱢȸ0.5⇔ȳ1.1⇔ȳ1.8⇔ȳ2.6⇔ȳ3.6⇔ȳ4.7⇔ȳ6.5⇔ȳ9.1⇔

12.8⇔ȲϝиҙϚ Ȳ ֣ ֫ᾌᾼ Є ҙ Ɫ 150еṭȲ

CPOLϚ ᾼ צ 11 ԊṔȲиᵑⱢ:0.5⇔ȳ1⇔ȳ1.5⇔ȳ2⇔ȳ3⇔ȳ

4⇔ȳ5⇔ȳ7⇔ȳ9⇔ȳ12⇔ 15⇔ȲּפϟиҙҠѿᶙװכ Ȳ Є

ҙ Ɫפּ 230еṭȲ Ӧὑ CPOL Є᷉ Ɫ 5.3m/sȲᴖ֯ᵒ

Ὲ ХиЍ ∟ Ɫ CPOL ᾼ ֣ ֯ӑ › װϡצ ᾼ

ȲᵀӦὑ ᾎᵒ ϡװ ᾼᴯ Ȳ ᾎ CPOLᾼ ҏӔ

ᾼ ֣ Ȳ֪ױ CPOLᾼ ֣ ᴖЛṿӣȴ 

 

  ӦὑḕϚ ╥ṿӣ Ở Ȳ֪ױ ḥצ ₇

(quality control ; QC)Ȳ֪ױ ‍ ҟ Ḕ

Ȳѿ ’ ֫ᾌ Ӕ ҅ῶЄ МѬד Іᾼῶ Ϯ ᾼ ȲӐ

ṅṿӣשׁ ӴМҶЄ ⅍Ἤ ᾼ RAKIT Ṇ Ȳ֯֫ᾌ

ᾼ иȲꞋԒ Ӧ֮ᶮ ӦЍ ч ᾼ֮ᶮ ᾌ(ground clutter)Ȳᴖ‍

о ᾼϮ МҶ ᶝ ԛṿӣ֫ᾌ ὑ 30dBz ֣ ᵅὑ 2m/sᾼ

  ԛ Ϛ֮װᶮ Ἤ Л ᾼ֮ᶮ ᾌȲᴖ SPOL CPOL ⁄╥ᵓӣ

֫ᾌᾼד … 0.85 0.92Ɫ  ‍ Ȳԛ ӦῈ ҟ

ȴ 

 

ᴖ ᾼ έ⇔֯ ֣Ѡּ֣פⱢ ᴍеѐȲᴖ ᾼה Ɫ е
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ṭȲẒ῏ ϠϚ Ȳ֪ױⱢϠ ю ֥ЛṜᾼ ȳ ᵅ ᾼ ӣ

ᵅד ᾼ ᾼῈ ד ἤȲӇ ⇔ ᴟ Ѭӂ

έ⇔ȲᴖӐ ṿӣᾼѠהⱢ о(Superobbing ; Linkog et al. 2004 ; 

Zhang et al. 2009)ȴᵂᾎ╥ ֣ Ɫ 5еṭȲѠᴯṔ Ɫ 5⇔ᾼ ᶮȲѿ

ᶮᾼМ ȲᵛⱢ ֣Ѡ֣ 3еṭȲѠᴯṔѠ֣ 3⇔ⱢМїȲ ᾼ

ӂᶁȲ 2-2Ɫ 6ѣ 14ѡ 1200UTCϝῖ ֣ ֫ᾌ֯ӑ

о ᶙП∟ᾼѩ ȲҠѿכҏ֯ ᶙ оП∟Ȳ ᾼ

ӭ юϠȲᵀ╥ Ṫ֯צ’╥ ϱᾼ ἤȴ 

 

2-5  М 0dbz 

 

  Ӧὑ М █ᴯ ☼Ṇ Ȳ⁄ ӱⱢ Ȳ֯ ᴩ֝

о ― Ɫḥצ ӔȲ ᴖ ╥ᾼṳЛה Ѭ ІἬᵧ ᾼ

ᶮȲ֪ױᶺ ―֯ ḥצ ☼Ṇ ᾼ ᴯ ϱȲ ϱ 0dbz֫ᾌ Ȳӭᾼ

╥ⱢϠ ֯ה МᾼṪ ᴯ ╥ ᾼḥצ ☼Ṇ ᾼȴἬ ậ

ᾎ╥֯ Ȳ ֯ ứᾼӂᶁ ᾼ ᶮв ḥצצ ᾼ Ȳѹ

ѿױ Ɫѻᾼ ֣Ἇ Ѡ֣Пвᾼ Ꞌḥצ ֮ᶮ  ᾼ Ȳ

⁄֯ ϱ 0dbz֫ᾌ Ȳế М ᾼ Ϛ иᵑȲ

ᴖױᵂᾎ ’ ẃᾼ ἤȲѹ֯ 0dbz Ϸ Ἤצ ứᾼ в

ᾼ҅ῶἤȲ 2-2e ҏ 6ѣ 14ѡ 1200UTCѿϝῖ ⱢẂ ᶙ о

ᶙ ֫ᾌ∟ᾼ ȴ 2-2dѩ Ȳ֯צ ֫ᾌᾼᴯ Ϛ

צ’ Ӑᾼ ⇔ ἤȲᴖ֯ҵ ḥצ ☼Ṇ ᾼ֮Ѡ⁄╥Ҡѿ ϱ 0dbzѿ

ᵑȲᴖ֯ү ὧ ֮ᶮ  ᾼ и⁄╥ Ɫ ᾎẞ צḥױ֪ 0dbz

ᾼ ᵂȴ 
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Ϯȳ  

 

3-1  ⇔  

 

3-1Ɫ ӱ Ȳᶺ ֯ 2008 06/14 0600UTC ṿӣ ☺М щ

Мї(ECMWF)Ἤ ҏПπȢςυЈ πȢςυЈ 6Њ ԛиέ ȲԛṿӣWRF-VarṆ

֯ 15km έ⇔ῴỞ ҒϤ (ậᴞ NCEP background model ; be.cv3)ȲӢכ

40 Ṇ כ Ȳױ Ѡה Мᾼה UȳVȳTȳ QvaporȲ֪ױ ∟

ԛ ӦХЊ Ϛ◕ (spin up) Ȳṿ Ṇה כ Ӣכᴯ Л֝Ȳѿצ

ᵍ֯ ☼ѐ⇔Мᾼ ⇔ЛṜȴDA ҅ῶ֝צо ᾼ Ȳᴖ NoDA

ῶӱӑ֝о ᾼ Ȳѻ ᾼӭᾼⱢ ֝о ὑḂ

1200UTCẞ 1800UTCᾼ ​ П ȴᴖ DA ᾼ ֽῶ 3-1 Ȳ

Ӑ Ԓ 0dbz֝о ᵡᾼ ἤȲᴖП∟ ᵑ ὑ 4-2 4-3 ȴ 

 

Ἤצ ֯иέḔ Ꞌṿӣ֝Ϛ ֝о Ȳֽῶ 3-2Ἤӱȴ ›Ϣׁש

ṅЛ֝ᾼ╥Ȳ֯Ḇ ה ȲҬḆ Ϭ ᾿ ד ᾼ

:Ϯ ȳQrainȳQsnow QgrapelȲ ᾼϮה ѻ ᵓӣד ἤ

ᾼ ֣ ֝оḆ ȲᴖѬד ІИӣ ֫ᾌ֝оḆ ȴ Tsai et al.(2014)

ṿӣWRF-LETKFṆ ֝о Ἦᵌ ᾼ Ȳ֝ о֫ᾌḆ

ה ὑ צ Лṏᾼ Ȳᴖ᾿ ֝о ד ᾼ ֣ ’

ᾼ ȴѬӂᶝ֮оҙ ᾼ ứṿӣᾼ╥ ֥ᶝ֮оҙ Ȳіӣ Tsai et 

al.(2014)ᾼ ὨȲ צ ЄᾼѬӂד ἤ ἤȲѹ֯ṿӣױѠᾎ֯

Ɫ ᾼ֮Ѡᾼ צ Ṿᾼиέ ὨȲ₣᾿ᶝ֮оҙ … ⁄╥ṿ

ӣ ᾼ 4km 1.08Ϸȴ 
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3-2 ֝о ὨП иέѠה 

 

  ֯Ӑ МȲѻ ֝оᾼ Ɫ ֣ ֫ᾌȲᴖѻ ᾼѠהⱢ

ӂᶁ Ṇ ⇔ẃ ֝о ᾼ ứȲᴖ ᾼḔ ֽ

ϯȲ ԒԒ ֢ ᾼ Ä: 

Ὠ ώ Ὄ ὀ                      (3.1) 

ώⱢῈ Мᾼ█Ϛ ȲH Ɫ‍ ἤ Ȳx Ɫ ה Ȳᵓӣ

ה ẞ Ȳᴖ צ M Ȳ⁄צҠ ӂᶁ

ộὨỚ: 

ộὨỚ В Ὠ                      (3.2) 

ӂᶁ Ҡѿӣẃᵒ ếה П ᾼ Ȳ Њᾼ ҅ῶ ה

ϱ ῺȲᴖҫҵ Ѡᶁצ ộὶỚ: 

ộὶỚ В Ὠ ộὨỚ                 (3.3) 

Ἤ ҏẃᾼҠѿ҅ῶⱢ ᾼ ⇔Ȳᴖ LETKFṆ ṏֻᾼצ

ᵂȲѹ ֥ Ӑ 1) П ד Ȳ2) ứᾼ ֥ Ȳ⁄

ᾼ ⇔Ҡככϯה: 

ộὶỚ „ ὺὥὶὌ ὼ                   (3.4) 

ᵛ ᾼ Ɫ МἬ ứᾼ ʎᾼЄЊҒϱ ᾼה Ȳ

Ҡѿצױ֪ ᾼṆ Ѡᶁ ộ3ỚⱢ: 

ộ3Ớ ộὶỚ „                      (3.5) 

ᴖȲӐ Мצ ẞѠᶁ ѩ Њᾼ ᶮȲᴖ֯

҆ вᾼ Ɫ ȲᵛȿộὶỚ „ȿȲ еהЛ ҏ Ȳᴖ ᾼṆה Ѡ

ᶁ Ҡ Ɫ: 

ộ3Ớ В В Ὄ ὼ Ὄ ὼ          (3.6) 
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Ҡѿ Ӧѩ ộ3Ớếộ3Ớẃᵒ Ṇ ֯ Ὲ ᾼ ⇔╥ᵡ֥ ȴ 

 

3-3 ​ Ѡᾎ и  

 

  ​ѻ ╥ ᾼה ​ế ү ᴞ ᾼ ​ ​

и Ȳ 3-2Ɫ үד2008 385 ᴞ Ϣ ᾼᴯ Ȳ֯ и ╥ᵓ

ӣ Barnesᾼⅎ иέѠה(Barnes 1973)Ȳ ҙ ứⱢϫеṭȲ ᾼה

ӣ ᾼѠהв ẞ Ϣ ᾼᴯ Ȳ֯ ​и ȲӐׁשṅѻ ṿӣ

ᾼ ​и еӔצ ԑ и(Equitable Threat Score ; ETS)ȳ ╓ (Bias)ȳῈ

ד … (Spatial Correlation Coefficient ; SCC)Ѡᶁ (Root Mean Square 

Error ; RMSE)ȴ 

  еӔ ԑ и(ETS)ῶӱ Ӕה Ѭᾼ ȲẔМᴕ Ϡ ה Ꞌ

ѬЛ╥ Мᾼ ᾓϯἬ ᾼכ ȲETS и ҅ῶ ה ​

ȲẔеֽהϯ:  

%43                      ( 3.7) 

FⱢ ​ ẞ  ᾼװ ȲOⱢ ​ ẞ  ᾼװ ȲHⱢ Ꞌ

ẞ  ᾼװ Ȳᴖ2 Ɫ Ҡ ẞ  ᾼװ ȲNⱢἬצ​

ᾼ ȲETSи ҅ῶ֯Ṫ   ᾼ ϩ ֻȴ 

 

  Bias҅ῶ ẞ  ẞ  װ ᾼѩ ȲẔеֽהϯ:  

Bias=                         (3.8) 

FⱢ ẞ  ᾼװ ȲOⱢ ẞ  ᾼװ ȲBiasЄὑ1ῶӱ ה ᴷ

​ȲЊὑ1ῶӱ ᵅᴷה ​Ȳᴖҫҵ ᾼ╥ȲBiasҬ ч╣ ᾼ ᴷ

ᵅᴷȲ ​Ὲ ᾼиᵉḥצ …Ȳᴖ֯Ӑ МȲ֯ ETS Bias Ἤ ứ
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ᾼ  ╥ ᾼȲ Ϛ   ╥ ᶝ֯ ​ ᾼ ᵅ 0.1ᴖП∟иᵑ

╥Є​ȳ ​ȳЄ ​ Є ​ᾼ ​ ḕכ Њ ​ Ἤ

ẞ ᾼ  ᴖ ứȴ 

 

  ⱢϠ Ὲ М ѬиӁᾼᾭᾓȲṿӣῈ ד … (SCC) ȲẔứ ֽ

ϯהȸ 

3##
В

В В

               (3.9) 

ϱהМȲNῶӱ ȲFῶӱ ֯ה ᾼ ​ Ȳ&ῶӱ ה

֯ ​ ᾼӂᶁȲO╥ ֯ ᾼ ​ Ȳ/╥

​ ᾼӂᶁȲSCC Ὼ 1ῶӱ ה ᾼ ​и ᶮ Ϛ ȴ 

 

ᴖⱢϠ ẞ ὑ ​ᾼ Ȳ Ѡᶁ ȲẔеה

ῶӱֽϯ: 

2-3%
В

                 (3.10) 

FⱢ ֯ה ᾼ ​ ȲO╥ ֯ ᾼ ​ ȲNⱢ

Ȳױи ѻ ╥᾿ ה ​ᾼ ȴ 
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ҳȳ IOP8 6ѣ 14ѡ Ὠ  

 

4-1  NoDA DA Пѩ  

 

ᶺ Ԓᵓӣ֝צо ӑ֝о П ֝оП Ȳ

4-1bẞ 4-6bⱢ NoDA ПгЊ ​Ȳ 4-1cẞ 4-6cⱢ EC Пг

Њ ​Ȳ 1 Њ NoDA ֯ү ⁮Ѡ ​ צ ╦ᾼ ​ȲϚ᾿ẞ

3Њ И֯ү⁮ Ὼצ ᾼ ​Ȳᵀế ד ꜙ Ȳᴖ EC ֯֝

о ֫ᾌ∟֯ 1Њ ֯ү ⁮ Ѝ ᵛ ϱצ Ὼ Мᾼ ​Ȳѹ

Ϛ᾿ ═ẞ 3Њ Ȳ֯ 4Њ Иҏ NoDA ⁮ᴿП֯үד

ᾼ ​Ȳᴖױ ​╥ МἬḥצᾼȴᵀ֯› 3Њ ᾼ ​ ὨМҠѿ−Ὑ

ᾼכҏ֝о ∟ᾼӔ ȴᴖ Aksoy et al. (2009)ᾼׁשṅМ╓ҏȲ֯

֫ᾌᾼ ֫ᾌ(< 5dbz) ḂⱢ 0dbzȲᴖ֝о ṷ צ Ḁ

ạ Мה Єᾼ ֫ᾌӢכȴ֪֯ױ ϯẃᾼ МȲᶺ ⱢϠ

ᾼכМӢה ☼Ṇ ᵀ М ứⱢ ☼ᾼᴯ Ḁạ Ѭᾼ ӢȲ֪ ֯ױ

Пᴯ Ғϱ 0dbzѿ Ḁạ Мה ☼ᾼӢ Ȳ ᴖḂ

Мֽה NoDAᾼ ȲᴖҒϤ 0dbzᾼѠֽה 2-5 Ἤ ȴ 

 

4-2 ֝о ֫ᾌ ḥ֝о ֫ᾌПѩ  

 

о֝צ ֫ᾌ(ECdb0) ḥ֝о ֫ᾌ(EC)П ὨȲ֝о ֽῶ

3-1ἬӱȲ Ẓ Ẕ ֣ ֫ᾌᾼӂᶁ Ṇ

⇔Ȳѿ ֝о ֣ ֫ᾌᾼ Ȳ 4-7╥ EC ᾼ ֣ ộὨỚȳộὶỚȳ
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ộὛỚ ộὛỚȴ֪ⱢױẒ ᾼ ֣ ᾼ Ȳ֝о֝ד ὨП

ЛЄȲ֪עױ ECdb0 Ὠȴ ӂᶁ Ҡѿכẞ֯ Ḕ צ Ȳ

ᵀ ЛЄȲᴖḕװиέḔ Ҡѿ ӂᶁ ֣ 0 Ȳᵛῶ

ӱ֯ ֣ ֯иέḔ ᾼ֝о−צ ȴᴖ Ṇ ⇔ᾼ Ȳ֯ḕ

иέḔװ ꜙᴟѩ Ḕ Єᾼ ֪╥ộὶỚἬ ҏẃᾼ ѩ

ЊȲᴖϱ е֯ה ֥ EnKFᾼ Ӑ ֽϯ 1) ה Ȳ2)

Ȳ3) ה ד Ȳ4) Ἤ ứᾼ Ӕ Ȳᴖ

Ἠ Л ֥›Ϯ Ȳѹᶺ Ἤ ṿӣᾼ ⱢϚ ȴ ֪

ᾼѠהПϚⱢḆḂ ᾼ ứȲᴖӭ›Ἤṿӣᾼ Ɫ ᴕ Tsai et al. 

ṅМשׁ(2014) ᾼ Ἤ ứᾼ ᴕ Ȳ ֣ ЄЊᴖצЛ

֝ᾼ ЄЊȲ֪ױ ᾼ ứ╥҆Ϛ ȴᵀ╥ ӂᶁ

Ҡѿכҏ֝о ╥‍ צ ȲӑẃҠ ᾼЛ ứἤ Ḇᶙ ᾼ

ȴ 

 

4-8╥ ֫ᾌᾼ֯ Ὲ ᾼ Ȳ EC ECdb0Ẓ ᾼ

ẃכȲ ӂᶁ ( )ẃכȲẒ ᾼ צꞋה Ȳᵛ ה

ᾼѬד Іѩ ֵȲᴖ ECdb0 ḕװиέḔ ֣ה

ḆҒ Ȳ֪ױҠѿᵒ Ἦ֣ה ᾼ ϩḆ Ȳ֪צױ Мה ֵᾼѬ

ד І юᾼ ȴẒ ᾼṆ מּ)⇔ ) Ṇ ⇔( )

ᾼ ẃכȲꞋצЛṜᾼ ȴױҵȲ֯ Ғϱ 0֫ᾌ Ṇ

⇔ Ғ( 4-8b)ȲϞ֪֯ Ғϱ 0dbz∟ᾼ ṷᴯ ה

−ЄȲ֪ױҠ ҒộὨỚᾼ ⇔Ȳ ộὛỚᾼ Ϸ Єȴ 

 

4-9╥ цẒ ֝о ᾼ Є֫ᾌ ȲECdb0( 4-9c)ᾼ
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ѩ ECᾼ ( 4-9b)֯ ү ᴫҖ ҵ ⁮ ҵ Ϛ иέḔ Ở

צ Мה ᾼ֫ᾌᾼ ȲᴖẞϠ ∟Ϛ иέḔ ȲECdb0( 4-9f)

ѩ EC( 4-9e)ḆⱢ Ὼ QPESUMSᾼ ( 4-9d)ȲḆ ϚḔ Ϡ ֵ

ᾼиέװ ֝о 0֫ᾌ∟Ȳ צ Ӕ Мה ᾼ֫ᾌӢכȲצᵗὑḆצ

֝о ȴ 

   

  4-1ẞ 4-6Ɫ ֢ ᾼᾼ 1ẞ 6Њ ​Ȳѩ ECȳECdb0

Ẓ ᾼ ​иӁȲ Ԓ A ᾼ ​Ȳ֯ A Ȳ֝צоᾼẒ

1 Њ Ở Є ҏᾘ ⅜ὧᾘ Ἇ Ѝ ᾼѻ ​

( 4-1c)( 4-1d)Ȳ צ╥ иᵅᴷᾼ ᶮȲѹ֯ 2ẞ 3Њ ᾼМ⁮

Ѝ ​ צ Җᾼ Ȳᵀד NoDA( 4-2b)ȲױẒ ֝о Ӕ

ҏ ( 4-3a)М ᾘ ẞ Ѝ ẞ⅜ὧᾘ ᾼϢֿᶮ ȲѹẒ ֝о

֯ A ›ϮЊ ᾼ ​ᴯ ד⇔ ȲẒ῏ᾼ ᾿ẞ 4Њ ∟

ИצὙ ᾼЛ֝Ȳ֪֝ױо 0dbz › 3Њ ᾼ ​ ᴖṕṳЛ ѻ ᾼ

​ ȴᵀᴟ 5Њ ∟ ECdb0֯ ᾘ ᾼ ​чᴖ Ȳ֪֝ױо 0dbz

​ ֯ 5 Њ П∟ᾼ ╥ֻ╥ ⧵צ ᴷȴ ד ὑ NoDA ẃ Ȳ

ὑү ⁮ ᾼѻ ​ Ꞌ ὑ צ ֻᾼῺᴿȴ 

 

B ү Мᴫ ᾼ ​ȲẒ ֝о ᾼ 1 Њ ​֯ B צ

−Ὑ ᾼᵅᴷᾼ ᶮȲ ᴖ 2Њ Ở ẞ ד ᾼ ​Ȳ᾿ẞ

4 Њ ᾼ ​֯М ᾘ ᾼ ᴷ ᶮȲᴖױ ᾼ֝о Ҡѿ ѩ

NoDA EC֯ 4Њ ∟үМЍ ᾼ ẞȲECᾼכ​ ֯үМЍ צ

Ɫ Ὼ ᾼ ​ᴖ ECdb0Ϸ֝צ ᾼ ὨȲᵀ NoDA⁄╥ḥױצϚ ὨȲ֪

оᾼ֝ױ ϚӭϠ ȴᵀ ECц ECdb0Ẓ ᾼ ​֯› 3Њ ṳḥצ−

Єᾼ Ȳ֪Ɫắẞ֫ᾌḂ ֵᾼᴯ ֯ү ⁮ѠцᴫҖѠҵ Ȳ֯ү ϱ
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ᾼ ​ ṳḥצ᾿ ד Ȳᵀ֯ 4Њ П∟ȲECdb0֯█ṷ֮Ѡᾼ ​чᴖѩ

EC Ȳ֪֝ױо 0dbzᾼ Ḇ ϚḔᾼ ȴ 

 

ᴖ֯ױẒ ὨМ ϚЊ ​Ꞌצᵅᴷᾼ ᶮȴ 4-10Ɫ EC ֯

ϚװᾼиέḔ ›Ȳ ה Qrain ֯ ה 11 ᾼṆ ⇔МȲ

МҠѿכẞȲ֯ B Ṇ ⇔Ὑ ЛṜȲ֪ױ Ϡ֯֝о ֫ᾌ Ȳ

ה Qrain ᾎצ ȴ 4-11Ɫ ה Qrain ֯ 1100UTC

ᾼ￼ 1200UTC ᾼиέ ֯ 4еṭ ⇔ᾼиӁ ᶮȲ МҠѿכẞȲ

֯ ỞиέП›᾿ẞ ∟Ϛ иέḔ ḇȲױ ⇔ᾼ ​ І֯ B оṳ

Л╥−ЄȲ Мה Qrain ᾼ ⇔ Њᾼᴯ ד ȲӦױҠ῀֯֝о

֫ᾌḆ Qrain Ȳ ᾼṆה ⇔иӁЛᶁ ᵅᴷПױ ᶮȴ 

 

4-3Ғ ֝о  ⇔П Ὠ  

 

  Ӧὑ LETKF Ἤצ EnKFϚ Ȳ֯֝о −Ԋ Ṇ Ἤ҅ῶП￼

ẦѠ ȴᴖ EnKFṆ ᾼה иέװ ה ᾼ ᾼ

(spin up)∟Ȳ ᾼה ẦѠ Ϸ ᾼҔᵶ ᾼ ᴖ צ

Ἠ╥ ☼ П ᶮכȲᴖ ֝оϚ Њ Ȳ ҬצХװᾼиέ Ἠ Л

Ṝѿ EnKFṆ Ἠ╥И ᵛ ḇ֝оȲᴖ ֝оᾼ ЛὙ Ȳ֪

ⱢϠױ Ϛױ ᶮȲ֝о  ⇔Ἃ ẞẒЊ ԚצϟװᾼиέḔ ȴ֝ױо

֤ Ɫ 2HRȲ EC ѩ ​ Ὠȴ 

 

  4-12Ɫ 2HR ᾼ ֣ ֫ᾌᾼӂᶁ Ṇ ⇔Ȳ֯

֣ ᾼ иȲ֯иέḔ ᾼѠᶁ Ϸ╥ᵅὑ Ἤ ứᾼ

(3m/s)( )Ȳᵀ ӂᶁ ᾼῶ EC ╥Ϛ ᾼȲ ꞋצϚ
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Ӕ ȲᵀḕװᾼиέḔ ֣ Ȳ֪ױ ᾼ֝о ╥−

Ὑ ᾼȲᴖ ֫ᾌᾼӂᶁ ( )ẃכȲ ᾼה ḥצ EC

Ṫ Ȳᵛ דᾼѬה І юȲᵀ Ṇ ⇔( ) Ṇ

מּ)⇔ )ѩ EC ᾼ ḆЄ( 4-8)ȲяẔ╥֯ ҳװᾼиέ П∟Ẓ

῏ᾼ ѩ›Ẓװиέ ḆЄȲ֪ ױ דᾼѬה Іᾼ ֯Ṇ П ѩ

EC ḆЊȲױ Ҡ ч ҏѬד І֯∟ ᾼиέḔװ ֝оᾼ

ṳЛЄȴ 

 

  4-1eẞ 4-6eⱢ 2HR ᾼ 1ẞ 6Њ ​Ȳ ( 4-1aẞ

4-6a)ế ECᾼ ( 4-1cẞ 4-6c)ѩ Ȳ֯ 1Њ Ȳ2HRᾼ A ​Ϸ

ҏ ⅜ὧᾘ Ἃᴼẞ Ѝ ᾼ ​Ȳᵀ֯Җ B ​Ὑ ᵅᴷȲѹ

Ϛᵅᴷױ ᶮϚ᾿═ ẞ 3Њ Ȳ ϮЊ Ȳ֯ A ҖѠЍ ᾼ ​И

ҏ ȲѹϢֿ₤ᾼ ​ ḆὙ Ȳᴖ B ֯М ᾘ ᾼ ​Ϛ᾿ ᵅᴷᾼצ

ᶮȲEC ᵅᴷᾼ ᶮṳЛ 2HRᾼ ᶮȲᵀ֯ ҳЊ П∟ȲA Ѝ

ᾘ ᾼ ​ ϱ Ȳ Ϛ ᾼ╥Ȳ֯ 5Њ Ȳ2HR֯ A М

ᾘ Ѝ ᾼ ​ѩ EC Ḇ Ὼ Ȳѹ֯ B ᾘ ᾼ ᴷ ᶮṳЛ

ECṪ Ȳᵀ֯ 6Њ EC ᾼ ​ Ὠ Б ṳЛὙ Ϡȴ

Ҡѿױ֪ ֝о ᾼ ẞ 6Њ Б Л╥−Ὑ ϠȲT ӦὑԒ›

ẞᾼȲױϚ ᾼ ה QrainᾼṆ ⇔ ᵅȲ֪ױҠ ẞѬד І

ᾼ֝о ὨȲᴖ֯› 3Њ ᾼ ​ 2HRד ὑ ECᾼ ╥ᵅᴷᾼ ᶮȲᴖ

ẞϠ 4Њ П∟ȲϞᴟὑ 5Њ Ȳ ​ ⇔Иѩ EC ᴖḆ Ὼ Ȳᴖ

Ҡ ╥Ӧὑ› 3Њ ᾼ ​ Ὠ ҠѬד Іᾼ֝о צ Ȳᴖ ∟ ᾼ

ᾼ֝о צ (  2014)ȴ 

 

  Ӧὑ 2HR ֯ 1Њ B ᾼ ​ᵅᴷᾼ ᶮѩ EC Ȳ 4-13Ɫ
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ҒϤῴỞ ∟Ṇ 4Њ (2HR ϚװиέḔ ›ᾼ￼ )ᾼ ה

Qrain ֯ ה 11 ᾼṆ ⇔Ȳ 4-10ѩ Ȳ 4-13֯ү ᴫ⁮

Ѡҵ ү М ắẞֵװ ֝о Ṇ ⇔ Ḇ ȲɑᴖױϚ Ὠ

Ϸ Ϡ Qrain ֯֝о ֫ᾌ ᾼ Ȳᴖ֪Ɫ NCEP￼ ה

ᾼ Ɫ UȳVȳTȳQvaporȲṿṆ М֢ כ Л֝ᾼῴỞצ Ȳᴖ∟֯

МЛ֝ᾼ ϩ ϩ ԈȲ ṿṆ Ӣכᾼ ☼ ᴯ ⇔Л֝Ȳ Ṇ

МЛ֝כ ᾼѬד І֯֝Ϛ֮צЛ֝ᾼῶ ȲֽױИ Ṝצ Ṇ ⇔ȴ

4-14 6Њ вᾼ֢ ה ᾼṆ Ѡᶁ Ȳ Ɫ֝о

М ᾼ Є ἬҔᵶᾼ ᶮȲᴖ₣᾿ ᾼ ậ ᴖứȲ ϠԜד

ІⱢ ᾼϫה ẞ ϡϫ ПҵȲẔ ꞋⱢ Ϛ ẞ ϫҳ Ȳᴖ 14

ҠѿכẞȲ ạ ה ϩᾼϮ ֯Ϛ Ở ЄȲᵀẞϠ 1000UTC ―

ὑϚ ứ ⇔Ȳ Ằ ֢Ṇ כ ᾼ ה ὑ ϩϱᾼӂ ȲᴖѬד І

⁄ Ɫ Ȳ ᵑᾼ╥Ȳ​Ѭ ếѩ(Qrain)֯ 0800UTC›ᶶ ϱсȲᴖ 0800UTC

ẞ 1000UTC ϯ ∟ϭ═ ϱсȲИ 4-13 Мᵧ ᾼ ⇔ЛṜᾼ

Ȳ ϩᾼṔ⇔ϱҠѿכҏ Ṇ ᾼ Бה ὑ ứȲᵀ 4Њ ᾼ

ЛṜѿ ֢ דѬ֯ה ІϱצṜ ᾼ ⇔ȴ 

 

4-4 PM(Probability Matched mean) ​ᴷ ᾎ 

   

  ӦὑП›ᾼ ṿӣᾼ ​ ╥Ԓ иέ ậӂᶁ∟ԛ Ϛ Ȳᴖױ

ᾎצṷ ȲӦὑЄ ᾼ Ѡ ‍Ɫה ἤᾼѠ Ȳה ᾼῴỞ

צ Ȳ Ϛ◕ ∟ Єᾼ−כ Ȳ֪ױ Ϛ Ԋ ῴỞ ᾼ₇

Ȳᴖ LETKFᾼ МȲиέ ᾼӂᶁ╥ ᾼȲᵀ╥֪Ɫṿӣᾼ╥צ

ᾼṆ ӭȲ֪ױậᶙӂᶁП∟צҠ צ ȲᴖṿӣṆ ЛԊ ῴỞ

Ȳѹ ẁЛ֝ᾼ ϩ ἤȲᵀ ṿӣṆ ӂᶁᴷ ​ᾼ Ȳ− ὔᵅᴷ
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18.3  4 35  1 16.7 5

23.7  3 0.7  8 5.7  6

26.7  2 3   7 0     9

Ṇ ӂᶁ

ᶧ 1 2 3 4 5 6 7 8 9

​ 55 50 40 40 33 30 21 20 20

ᵑ

ᶧ 10 11 12 13 14 15 16 17 18

​ 15 10 6 3 2 2 1 1 0

ᵑ

ᶧ 19 20 21 22 23 24 25 26 27

​ 0 0 0 0 0 0 0 0 0

ᵑ 7 8 9

21 3

4 5 6

10 50 2

20 0 1

33 0 0

PM ​ᴷ

33 20 0

50 0 2

40 3 0

כ >O

2 55 40

0 1 0

0 6 0

כ >2

20 30 10

21 1 15

0 0 0

כ >3

​ᾼ Ȳ֪ױӐ ҫҵ ᴩ ECȳECdb0 2HRиέṆ Ἤ ỞП 6Њ Ṇ

Ȳᵀ ​ᾼᴷ ⁄╥ᵓӣ PMᾼ ​ᴷ ᾎ(Ebert, 2001)Ȳᴖ ᾎֽϯ: 

Ϯצ   Ṇ כ Ȳᴖ ​П֯ ᵑᾼ иӁֽϯȲ ᴯⱢmm 

 

  

 

 

1. ᴩṆ ӂᶁᾼ ᶧȲ ᴥֿⱢṆ ӂᶁП ​ȲּמᴥֿⱢ ᶧП ᶧȴ 

 

 

 

2. Ἤכצ ПἬצ ᴩ ᶧȲ֪ױ ẂМԚצϮ Ṇ כ Ȳѹ֢ᴞצ

ϟ Ȳ֪ױ ᴩ 27 ᾼ ᶧȲᴖ֪ⱢצϮ כ Ȳԛ ḕϮ ⱢϚ

ᴩи ȲѿḕϚ ᾼМᴯ ᵂⱢױ ᾼ ​ᴷ ȴ 

 

 

 

 

 

3. ḕ ᾼМᴯ ṼᶧὍ Ḕ 1Ἤ ᶧֻᾼ ​ᴷ ֤П ϱȲױᵛⱢ

PM ​ ₇Ȳױ ᾎҠѿ’ ​П Ȳ⁯ ᵅᴷМЊ​ᾼ ​ȴ 
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4-15ẞ 4-17Ɫ ECȳECdb0 2HRᾼӂᶁ ​ PM ​ᴷ ᾼ Ȳ 

Ҡѿכẞṿӣӂᶁ ​ᴷ Ȳү М⁮ ᾼ ד​ ӂ Ȳᴖ ​ ѻ М

֯⁮ Ѝ Ȳ2HRᾼ ѩ Ẕ҃Ẓ Ḇ ᷿ẞ МЍ ​ᾼ Ȳᵀ╥

МЊ​ᾼиӁ‍ ᾛȲᴖẞϠ 3Њ ​ᵅᴷᾼ ᶮ Б−Ὑ Ȳᴖ 5

Њ ᾼ Ὠѩ ᵅᴷ−ֵȲᴖכ PMᾼ ​ᴷ ѠᾎȲ ​ᾼиӁ ᶮ

ṿӣӂᶁ ​Ϛ ӂצ ᾼ ὨȲᵀ╥֯ 1Њ Ѝ ​ᾼ ЄȲᵀ

╥֯ү М ӂᶁ ​Ἤᵧ ᾼ ​ᾼᴯ ҷϠȲѹ֯ 3Њ ​ 5Њ

Ȳ ὑү ⁮ ᾼᴷ ᴷᾼ‍ Ȳᵀ╥ѩ ӂᶁ ​Ḇ Ґ Є​ᾼ

ȴ 

 

4-5ṿӣ ᵂ￼ П Ὠ  

 

  ֪ⱢӐ ṿӣᾼ╥ ᾎἤᾼ … ᾎȲױѠᾎҬ Ғ￼ ЄЊȲ⁯

ᾎḂ ￼ ᾼ ȴӦὑ NCEP￼ ѻה ╥ 3DVAR￼

ᾼẃ Ȳᴖ ᾎ╥ṿӣ NMCᾎȲ ὑԓ ᾼה 48Њ 24Њ ᾼ

Ȳᴖ֯ иכѬӂ ₣᾿Ẓ Ѡ֣ᾼѐ⇔ Ȳᴖѻ ᾼ Ɫ☼ẗ

ȳ ⇔ᴯ ẗ ȳ ⇔ ד ⇔ ȲױѠה ҏẃᾼ￼ ֯ ϩ

Ѡ ᵧ Ӕ ѹ Єѐ⇔ᾼ Ȳ֪ ױ ￼ױ ӣ֯ ☼ѐ⇔Л ứ

ᾭ ѿ ֥Ἤ Ȳᴖ Whitaker et al.(2008)ᾼׁשṅȲṿӣ 6Њ ԛиέ

ᾼ ￼ ȲἬ ҏẃᾼ Ɫᵧ ѐ⇔ѹ

֥ Є ᾼ Ȳᴖד ὑ 3DVARᾼ￼ Ṇ ᵓὑṆצ

Ȳ֪ױᶺ ṿӣױ Ѡהѿậ҅ NCEP￼ ȴᶺה ᾼ ᾎ╥

ṿӣ 6ѣᾼ NCEPρЈρЈᾼԛиέ Ȳ֯ Ϛ ѣᾼ МȲ ậ 40

6Њ ᾼẒ ԛиέ ᾼ ПҒϤ ד2008 6ѣ 14ѡᾼNCEP ρЈ

ρЈԛиέ МȲ Ϛױ Ѡה ᾼḨậ NCEPԛиέ ֯ 2008
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ד 6ѣᾼḕ 6Њ ​ủ Єѐ⇔☼ ᾼЛ ứἤצ ᾼЛ ứἤȲױⱢ fnl

ȴ 

 

  ᴖȲ › ᾼ ѩ ᾼ ȲӇ ֝ ṿӣ%#-7& πȢςυЈ πȢςυЈᾼԛ

иέ ȲT ֪Ɫᶺ ṳḥ7-#%צ& πȢςυЈ πȢςυЈϚ ѣᾼԛиέ Ȳ֪ ױ

ṿӣ NCEPρЈρЈᾼԛиέ Сѿ ȲᴖⱢϠѠ―ѩ Ȳᶺ Ϸ ϠϚ ṿ

ӣ NCEP￼ ה NCEPρЈρЈԛиέ ѿ ᵂ￼ ᾼ Ȳ

ᵛ fnlcv3 Ȳֽῶ 3-1Ἤӱȴ 

 

  4-18Ɫ fnl fnlcv3 ᾼ ֫ᾌӂᶁ Ṇ

⇔ᾼ Ȳ Ԓ ӂᶁ ( )ȲЛ ╥ fnl Ἠ╥ fnlcv3Ȳ ֫ᾌ

ᾼӂᶁ צ ᾼ ᶮȲᵛ דᾼѬה Іצ ֵᾼ ᶮȲ › ᾼ

֝о ᵧ ֝ ᾼ ᾓȲ ᴖ Ҡ ᾼᾬה Ѡᾎצ Ȳ ה

ὔצ (wet bias)Ȳᵀ fnl ᾼ ֯ 1 иέḔ 2 иέḔ

∟ᾼиέ (analysis residual)Ȳצ ֣ה 0 ᾿ ᾼ ᶮȲᴖ fnlcv3

ᾼ ⁄╥Ϛ᾿ ═֯-10 ẞ-15 П Ȳ֪ױҠѿ ứ֯Ѭד Іᾼ֝о

Ὠ ╥ fnlᾼ Ὼ ᴖ о֝צ ȴᴖ Ṇ מּ)⇔ )

Ṇ ⇔( )ᾼ Ȳfnlcv3 ֯Ϛ ỞẒ῏ᾼ ѩ fnl

Єϱ Ȳֵᴖ Ṇ ⇔ЛṜᾼ Ϸч ֯›Ẓװӂᶁ ᾼ

Ȳч ҏ о֝ה ᾎצ ֮֝о ᾼ Ȳ֪ױ ᾎ֣ 0

Ȳᴖ ֣ ⁄╥ › ᾼ Ὠ֝ד(ӑ  )Ȳ֯ ᾼ֝оѠ ד

ᾼצ ȴ 

 

  ᴖ› ֯׀ Ѭד ІᾼṆ ⇔иӁЛṾᾼ ᶮ֯Ӑ ᾼ

Ӧ 4-19ἬӱȲ 4-19Ɫ fnl fnlcv3Ẓ ֯ῴỞ ∟ 4Њ ֯
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иέḔװ1 ›ᾼ ה Qrain֯ ה 11 ᾼṆ ⇔Ȳѩ a b ᾼ

иӁ ᶮҠѿ ṿӣ NCEP￼ ה ᾼ ȲṆ Ἤᵧ ᾼ и

Ӂѻ ֯ү ᴫҖѠᾼү ϱȲᴖү Ӑ ᴫ⁮Ѡҵ ṷѻ їᾼ

​֮ Ṇ ү ᾼ› ᾼṆ ⇔ ֯ 0.0005ѿϯȲꜙᴟЄ

иᾼ Ὼὑ 0Ȳᴖד ПϯȲfnl ᾼиӁ ᶮ⁄ ү М ֮ Ϛ᾿

ẞү ᾘצ ὧҖᴫ⁮ṛ֣ᾼӂᶁиӁиӁȲᴖ Є Лֽ fnlcv3

ᾼ Ȳᵀ╥иӁᾼᴯ ⁮ᵓὑᴫצ ☼ ᾼ֝оȴ 

 

  4-1f ẞ 4-6f 4-4hẞ 4-6hиᵑⱢ fnlcv3 fnl ᾼ 1ẞ 6Њ

​Ȳ Ԓכ A Ȳfnlcv3ᾼ ֯ A ᾼ ​ ḥצ Ѝ Ἇ⅜ὧᾘ

Ἃᴼᾼ Ȳчᴖ╥ Ѝ Ἇ ӂ֮ἋᴼȲ ЄȲᴖ fnl ֯

ױ ᷿ᴰ ( 4-1a)МӦ Ѝ Ἇ⅜ὧЍ Ἃᴼᾼ​ Ȳѹ֯ 3Њ

П∟Ȳfnlcv3֯ A М ​ᾼ ֯ ⁮ӂ Җ ᾼ⁮ Ѝ Ȳѹ 4Њ

П∟ꜙᴟѻ ᾼ ​ ֯ B ᾼүМϚ ȲᴖḆ⁮Ѡᴯὑ⅜ὧ ​⁄

ᵅᴷȲ Єד Ȳᴖч fnlȲ Ϡ 1Њ ⅜ὧᾘ ᾼ ​Ȳ 2ẞ

4 Њ М ( 4-2aẞ 4-4a)֯ѻ ᾼ ​ ╥Ԓ ֯ ⁮Ϛ ᴖ∟֯

5 6Њ ֯⅜ὧϚ ᾼѻ ​ ‍ ֥ ᾼ ὨȲ֯ ⁮ ᾼ ​

Ὠ ֻᾼ ֪╥֯ү ᴫ⁮ ҵ ᾼѬד ІᾼṆ ⇔иӁ ӂᶁѹ

ЄȲᴖ ֫ᾌᾼ צ ֝оȲȲ ѿ Ӕ ה ȴᵀ דᾼѬה

ІᾼṆ ⇔ ЄᾼиӁᴯ ᴯὑү ᴫҖѠȲ ᴫ⁮ ☼Ṇ Ἤ ᾼ

ꜙҟד Ȳ ѻ ᾼ ​ ἨṆ Ϥү ᾼ› ֯֝о ֫ᾌ

ᾼ ЛṾᾼ ᶮȴП∟ȲϷ ṿӣ ἤ ᾎ(adaptive inflation ; Anderson 

2010)ẃ ḟṆ ⇔иӁЛᶁᾼ Ȳᵀч Ẓױ Ȳ֯ ​иӁϱ

Ꞌ Ẕ֢ᴞӑ֝оᾼ (ӑ  )Ḇ Ὼὑ ȴ 

 



 

26 

 

4-6 ​и П  

 

  ᴖ Ϡӣᴚ ᵒ ה ᾼ ​ ῈиӁПҵȲ ​и ҠѿӴ

ẘᵒ ​иӁἨ╥ ​ ᴷᾼ ῶ Ȳ 4-20Ɫ NODAȳECȳECdb0ȳ

fnl fnlcv3ᾼ 1ȳ 3 5Њ ᾼеӔ ԑ иȲ֯ 1Њ ( 4-20a)Ȳ

0.1  ᾼ ETSи ῶ ϱȲECᾼ ECdb0 ȲἨ ECdb0֯ B ​

ᵅᴷױ ​ᾼ ᶮȲ 0.1  ᾼ и ᵅȲᴖױ ᶮ֯ 2HRḆⱢ

Ȳ֪ױϷч ֯ 2HR֯ 0.1  ᾼ иϱȲѹ֯ 1Њ ȲӦὑ 2HRᾼ

​иӁᵅᴷᾼ Ȳ֪ױ 2HR֯ ​ѿϯᾼ  ╥Ἤצ ᵅᾼȲᵀ ECȳ

ECdb0 2HRᾼ ETS и ѩ NoDAẃᾼ Ȳ Ϸ Ϡ֝צоᾼ Ȳ

ᴖ֝ Ȳfnl ֯ 0.1ȳ2.1ȳ5.4Ꞌצ ᾼ ETSи Ȳῶӱṿӣԛиέ

ᾼ Ѡה ḟ QrainṆ ⇔иӁЛṾᾼ Ȳᴖ ֝о

֫ᾌᾼ ЄȲ֪ױѬד І֯ 1Њ ц ч ֯ ​ϱȲ֪֯ױМЊ​

ᾼ ​ צ ֻᾼ ὨȲѹ fnl ֯ A ᾼ ​иӁ ֻᴖ һ֯ ​ ѿϱᾼ

​  ῶ ὑ fnlcv3Ȳ ᴖ֯ 3Њ ( 4-20b)Ȳױ Ҡѿכᵂ╥Ϛ

Ȳ2HRᾼ ​и ϱ ECᾼ Ȳ ᴖ֪Ɫ 2HRᾼ ֯ 3Њ

╥ ᵅᴷᾼצ ᶮȲἬѿ֯ ​ᾼѿϱᾼ  ῶ ╥ ᾼȲ ᴖẞϠ 5Њ

( 4-20c)Ȳ2HRᾼ ​и ⁄╥ ὑ EC ECdb0Ȳᴖṿӣ ᾼԛи

έ ᾼ fnl fnlcv3 Ẓ ױ֯ ​ѿϱᾼ  ᾼ ​и Б ‍ ᵅ

ϠȲ֪ױҠѿᵒ ẞϠ 5Њ ᾼ ​ế￼ Єᾼ−צ …Ȳȴ 

 

  Ὲ ד … ẃ ​ᾼиӁ ᶮȲ֝ ᾼȲ֯ 1 Њ Ȳ2HRד ὑ

EC ECdb0ᾼῈ ד … צ ᵅᾼ иȲᵀ֯ 3Њ Ở֯ Ϯ Ϛ

᾿’═ ᾼῈ ד … Ȳῶӱ֯ 3 Њ ᾼῈֻצ иӁ ᶮ ETS

ᾼ ὨϚ Ȳѹ֯ 6 Њ М Ϯ ᾼῈ ד … ὑ NoDA ᾼ
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Ȳ֪֝ױоҠѿḂ ​ᾼиӁ ᶮȲᴖ 2HRᾼ и ֯ᾼ 3Њ

Ởи Ȳ֝оẒЊ ὑ ҵ ᾼ ᾼ֝о ᾼ ╝Ȳᴖ fnl

Ӧὑ ᾌᾼ֝о Ȳ֪ױ֯ױ צ ᾼῈ ד … Ȳѹ

fnlcv3דѩȲῈ ד … Ϛ᾿’═ѩ fnlcv3 Ȳ֪ױṿӣԛиέ

ᾼѠ֯ה ​ᾼῈ иӁϱҠѿצ ֻᾼ Ὠȴ 

 

  4-22 4-20Ϛ ȲЛ ╥ ​ᾼ Ȳѻ ╥ӣẃᵒ ֯ה

ϱᾼ ​ ᴷẞ   ᾼ ӭ ẞ   ᾼ ӭᾼѩ Ȳӣẃᵒ ה

ὑ ᾼ Ȳ ​иӁḥצ᾿ …Ȳᴖ Ԓ 1Њ ᾼ BiasȲӦ

ὑ ECȳECdb0 2HRᾼ ֯Ϛ Ởᵅᴷᾼ ᶮ−Ὑ Ȳ֪֯ױἬצ  ᾼ

╥Њὑ 0.6Ȳᴖ 2HR֯Є​ѿϱᾼ  Ḇ╥Ҡѿᵅὑ 0.3Ȳᴖ fnl ֯МЊ​

⁄╥Ҡѿ ═ẞ 0.5ѿϱȲ ᴖ֯Є ​ѿϱᾼ  Ϸ╥Юὑ 0.3П ȲᴖẞϠ

3Њ ( 4-22b)Ȳṿӣ ECMWFԛиέ ᾼϮ ֯ 0.1  Б ὑ

1Ȳ̔ ῶױ צה ​ᾼ֮ѠБ ѩ ֵϠȲT ╥Є​ᾼ  ╥ Ȳɑ

ᵀЛ֝ὑ 1Њ ᾼ ᾓȲ2HRᾼ ױ֯ ᾼ Б ECế ECdb0 Л

ֵȲҠ ױ 2HRἮ ֝о Ȳ ᾼ֝о ֯ 3Њ Ởч ᾼ Ὠ

צ Ȳ֪֯ױ ХЊ ( 4-22c)ȲECȳECdb0 2HRϮ ᾼ Юὑ 0.5

ẞ 1П Ȳч NCEPԛиέ ᾼẒ Ȳfnlcv3 ᾼ Ϛ᾿ ѩ

fnl ᾼ ֪╥֪Ɫ fnlcv3֯үМϚ ᾼ ​ ( 4-18)ȲᴖẞϠ 5Њ

( 4-22)Ȳfnlcv3֯Є​  ѿϱᾼ ὑ 1.5Ȳ ὙױϚ ᾼ ​ᾼ

‍ Ȳᴖṿӣ Ἤ ᵂҏᾼ￼ ֯ 3Њ Ἤ ẞᾼ ​

ṳЛ ױצ ᾼ ȴ 

 

  ᴖҫҵ כ4-23 ​ᾼ Ȳ֯› 3Њ ȲECȳECdb0 2HRϮ

ᾼѠᶁ ЛЄȲ֯ 4mmҿҢȲ 4Њ ỞȲ2HRᾼѠᶁ
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Ϛ᾿’═ ѩ EC ECdb0 ᵅ 2mmҿҢᾼῶ ȲᴖϮ῏ᾼѠᶁ

NoDAꞋѩ ᵅȲ᾿ẞ 6Њ ȲECdb0ᾼѠᶁ ꜙᴟѩ NoDA Ȳᵀ

ẃ оᾼ֝צ ֯› 5Њ ᾼ ​ ѩ NoDAֻȲᴖ 2HR֯ 4Њ П∟

ᾼ ​и Ḇ╥צ ֻᾼῶ Ȳᴖ fnl ֯› 3Њ ᾼѠᶁ Ϸ╥

ᵅȲ ṳЛὙ Ȳᵀ╥ẞϠ 4Њ П∟ fnlcv3ᾼѠᶁ ᶶ ϱсȲᴖ fnl

ᾼѠᶁ ᾼϱс ⇔⁄╥ḥṪ ᶶȴ 

 

  4-24ẞ 4-27Ɫ ECȳECdb0 2HRϮ иᵑṿӣӂᶁ ​ᴷ PM

​ᴷ ᾎἬ ҏẃᾼ ETSȳSCCȳBias RMSEᾼ ​и Ȳ ETS( 4-

24)МҠѿכẞȲṿӣ PM ​ᴷ ∟Ȳ֯Є ​ Є ​ᾼ  ᾼи Ὑ

ѩṿӣӂᶁ ​ᾼᴷ ȲѹẞϠᾼ 3Њ 5Њ яẔὙ ȴᵀ╥֯ 0.1

ᵒ ╥ᵡ ​ᾼ  ϱὙ ȲɑϞ╥֪Ɫ PM ​ᴷ ᵅᴷМЊ​ᾼ ​

Ἤ Ȳᵀ╥ ὑ ​ᾼ צ╥ ᾼȲᴖ SCCẃכȲPM ​ᴷ ӂᶁ

​ᾼᴷ ѠהᵅȲ ╥ PM ​ᴷ ᾎἬ ҏẃᾼ ​ы Ȳ ֯

иӕἬ ҏẃᾼ ЄἬ ȲT PMᾼ ​иӁ ╥ѿӂᶁ ​Ɫ

ἉᾼȲᴖ BiasМ−Ὑ ҠѿכẞȲ֯Є​ѿϱᾼ  PMἬᴷ ᾼ ​ᾼ

ד ЄȲ֪ױᶙԓ ᴷϠ ​ȲϷ ETSדẻ ȲױϚ ​ ᴷᾼᴯ ѻ

М֯ү ⁮ Ȳױ Ϸ╥ױ ᾼѻ ​ Ȳ֪ױױ ᴷᾼ ֻ כ

ETSᾼЄ ​ᾼ צ ֻᾼи Ȳᵀױ Ϸч╣֯ RMSEϱȲӦὑ PM

ᾼ ​ᴷ ᴷᾼы ϠȲ֪ ױ PM ​ᴷ ᾎᾼ RMSEѩӂᶁ ​ᾼ RMSE

Ȳᴖѹ ϱсᾼ ẃ ᶶȲ ẃ ȲPMѩ ӂᶁ ​

ᴷ ҏЄ​ᾼטּ Ȳᵀ╥ ᴷᾼ ᶮד Ȳᵀ╥ֽὨṆ Ἤᵧ

ᾼ ​иӁᴯ ╥Ӕ ѹ ЛЄᾼ Ȳṿӣ PM ​╥ ậ ḳ ᾼ

​ᾼ ϩᾼȴ 
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Хȳ I OP8 6ѣ 16ѡ Ὠ  

5-1 IOP8 0616 Ю  

 

  › Б WRF-LETKF Ṇ ֝о Ḃצ╥ ​Ṇ

ᾼ ​ ϩȲ֪ ױ › ֻᾼ ᾼ ứԛ֝оҫϚ Бԛװ ױ

ϩȲױ ECMWFᾼԛиέ Ȳ200hPaᾼщ ( 5-1) ӱȲ֯М

ҖϱѠצϚ Ȳᴖү Ɫὑ › Ȳѹױ ү ᴯὑ⁮Ṹ ᾼ Ȳ

ṿү ⁮Ѡ֯ 200hPaᾼ Ὲ Ȳצᵓὑᵅ ☼ᾼ Ȳᴖ 500hPaᾼщ

( 5-2)Ȳ֯ױ ⇔ү ὧ −צ ᾼד ⇔ ȲѹצϚ ᾌ ἋᴼẞМ

⁮Ϛ Ȳᴖ ẞ 850hPaȲМ ὧҖצϚᵅ Ṇ ȲⱢү і ᴫ⁮ ☼Ȳѹ

ү ᴯὑױṆ ыӂ◦ ᾼӻꜜצᵓὑ ☼Ṇ Ȳᴖ ֮ щ (

5-4)Ҡѿכẞ֮ ᵅ ⱢὑМ ⁮ ᾘỴȲᴖү ὧѠᾼ֮ Ѭӂ й ЄȲ

Ằ ֮ ᾼᴯ Ɫὑү ᾼὧѠȲᴖ ד2008 6ѣ 16ѡᾼ Є ֫ᾌ

( 5-5)МҠѿכẞ֯ү ᴫ⁮Ѡҵ Ϛצ ὒ ᾼМѐ⇔ ☼Ṇ (MCS)–

ү ᴫ⁮ѠᾼᾘỴȲᴖ ᾼ Є֫ᾌᾼ ᶧ (ӑ  )МכẞȲצϚṆ

᾿ ֯ү ҖѠӢכᴖ כ ​Ȳ (5-6)Ɫ ד2008 6ѣ 16ѡ0000UTCẞ1200UTC

ᾼ 12Њ ​ȲҠѿכẞױϚṆ Ɫү ᴫ⁮Ѡ֯ 12Њ в ẃ

300 ᴏᾼ ​ Ȳế ҖӀц Ѝ ᾼכ 110 ᴏҿҢᾼ ​ȴ 

 

5-2  

 

צ   ὑ 2HR ᾼ֯ ​иӁ ​и ᾼ ȲẒ Њ ᾼ֝о  ⇔

ὑϮẞгЊ ᾼ Ḃ ϩ ṾȲᴖ ֯›ϮЊ ֯ ​ᾼиӁϱȲ‍ѻ

​ ᵅᴷᾼצ ᶮȲᵀ ὑѻ ​ ṳḥצ− ᾼᵅᴷᾼ ᶮȲ֪ױ



 

30 

 

2HR֝ ᾼ ứ ὑ IOP8 0616ᾼ ֝о Ȳѿ ֝о

​ ὨᾼḂ Ȳῶ 5-1Ɫ ד2008 6ѣ 16ѡᾼ ῶȲ 5-7Ɫ

ҳ ᾼ֝о Ȳ֯ ד2008 6ѣ 16ѡ 0000UTC ṿӣ%#-7& πȢςυЈ

πȢςυЈᾼԛиέ NCEP￼ ה 40 Ṇ Ȳ 2HRϚ ȲṆ

4Њ ∟ Ở ϚװᾼиέḔ Ȳ֝о ⇔Ɫ 2Њ ȲᴖӐ ֵϠ

Ϛ Л ֝о ᾼ 12Њ Ϛ ȲⱢ SingleȲ Single∟ 6Њ ᾼ

​иӁ NoDAȳ0616ế 0616db0ᾼ ​ Ὠ ѩ Ȳ ᾼ ֯ 5-4

ᴩȲиέḔ ᾼ֝о › Ϛ Ȳֽῶ 3-2Ἤӱȴ 

 

5-3 иέ ὨП  

 

  5-8 Ɫ 0616 ֣ ᾼṆ ⇔ ӂᶁ ᾼ Ȳ֯

МȲ ӂᶁ ҠѿכẞȲ Ḕ иέḔ ᾼӂᶁ

ЛЄȲ֪ ￼ױ ᴿѾḥדצ Єᾼ ȲT Ṇ מּ)⇔ )

МҠѿכẞȲḕװиέḔ ᶙ ╥ Ṇ ⇔ ЊȲ֪ױ צ╥ ᾼ

֝оȲᴖ › (ECȳ2HR )Ϛ ȲиέḔ ᾼѠᶁ צ

ѩ Њᾼ ᶮȴ 

 

  5-9 0616 0616db0 ֫ᾌᾼṆ ⇔ ӂᶁ

ᾼ Ȳᶺ Ҡѿ 5-9a МṆ ⇔ Ṇ ⇔ᾼ

оȲԒ Ẓ ֝о Ṇ מּ)⇔ ) Ṇ ⇔( )ᾼ Ȳ

ױ Ṇ ⇔ Ṇ ⇔ᾼ ṳḥצ 2HRᾼ ЄȲ֪ױױ

ᾼ 4 Њ Б Ṝ Ȳᴖ ӂᶁ ẃכȲҒϱ 0db∟( 5-

10b)ᾼ Ғӂᶁ 0᾿ ᾼ ╥֪Ɫ Ӑṝה ѩ Ȳ0dbz

ᾼ ￼ ᾼ ד ЄȲ ᴖ Ғӂᶁ Ѡᶁ
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Ȳѹ 0616db0ᾼ›ẒװиέḔ ẃכȲӂᶁ ꜙᴟ ᵅȲᴖ∟

ԛ֣ 0 ȲӦױҠ῀Ȳ› ᾼиέװ ╥ Ṇ ᾼᵂӣȴ 

 

  5-10Ɫ NoDA0616 ֯Ϛ Ở ∟Ṇ 4Њ Qrain֯ ה

11 ᾼṆ ⇔Ȳ NoDA ᾼ ( ѩȲ֝ד(4-12 Ṇ 4Њ Ȳ

NoDA0616֯ױ ᾼṆ ⇔Ὑ ѩ NoDA Єϱ ֵȲᴖѩ 1-3

5-3Ȳᵛ ᾼ ECMWFԛиέ ֯ 850hPaщ Ȳ 5-3ҠѿכẞȲ

ד2008 6ѣ 16ѡ֯ױ ⇔ᾼד ⇔╥ ү ὧ Ϛ᾿Ἃᴼẞү ᴫ צ

Ὼ 100%ᾼד ⇔Ȳ֪֢ױ ה ֪ⱢЛ֝ᾼ ᴖ֯ в֯Л

֝ᴯ Ӣכ ⇔Л֝ᾼ ☼Ȳ֪ױṆ ⇔ ЄȲἬѿϷч ֯ 5-9МȲ

ᴖч ד2008 6ѣ 14ѡᾼ Ȳ֯ ү  Ὼד ⇔ Єᾼ֮ѠЄ Ҭ֯ү⁮

ҵ Ϛ Ȳѹ ֯ Ὼ 100%ᾼ ЛЄȲᴖױ ᶮϷ 6ѣ 14ѡᾼ

ᾼ QrainṆ ⇔ ѻ ​ ᾼᴯ ֥ȴ 

 

5-4 ​ ὨП  

 

  ᴖ ϯẃ᾿ ​ ᾼиӁȲ 5-11Ɫ ҳ ᾼ 1Њ ​

Ȳ ᾼѻ ​֯ү ᴫ⁮Ѡ(ּמ ⁮ᴯὑүפּ( ᾘ Ȳᴖ 0616

0616db0 ױ֯ Ꞌצṷ ᾼ ​ ӢȲᴖ NoDA0616֯ױ ⁄╥ḥצ

​Ȳᴖ Singleᾼ מּ֯ в צ ​Ȳᵀ╥ ​иӁѻ ᴯὑ ⁮Ϛ ⅜

ὧᾘ ֮ Ȳ֯ᴯ צ Ȳᵀ 0616 0616db0֯ ү ὧ ῧ Ϛ

Ἃᴼẞүὧ צ ​Ȳᴖ ⁄╥ḥצᾼױ ᶮȲᴖ NoDA0616ϷױצϚ ᾓȲ

╥ᵒשׁױ֪ Ӧ Ӣᾼ ​ Ȳᴖ ϯẃכ 3Њ ( 5-12) 5Њ

( 5-13)ȲẒ ֝о מּ֯ ᾼ ​Ꞌѩ NoDA0616 Singleᾼ ​

Ὼ Ȳ ֯Ѝ ṷצ ᴷ ​Ȳᴖ֯ 3Њ ( 5-12)Ȳ0616db0֯
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ᾘ ᾼ ​иӁᾘ Ỵ ᾼ ᶮϭѩ 0616 ȲֻT ╥ẞϠ 5Њ ( 5-13)Ȳ

0616db0ּ֯מ вᾼ ​ ᴷ ᶮ Ȳᵀ֯‍ѻ ​ צ Ḁ

ה ​ᾼ ȴ 

 

  ᴖױ ⁯ ᾎ Ȳ 5-14Ɫ ȳSingleȳ0616ȳ0616db0 NoDA0616

֯ ד2008 6ѣ 16ѡ 0600UTC ᾼ Є ֫ᾌ Ȳѩ NoDA0616 Single

Ҡѿ ȲNoDA0616 ֯ ∟֢ᴞ ᾼӂᶁ ᾼ Є֫ᾌ ⇔ṳЛ

SingleϚ Ȳᵀ╥ѻ ᾼ֫ᾌ​ ╥ᾘ ECMWFᾼԛиέ ( 5-3) ⇔

Єᾼ Ȳѻ ᾼ ֪ ╥֯Ṇ ∟█ṷṆ Л Ӣכ​ Ȳ֪ױ

֯ӂᶁ∟ Ἦᵅ Ȳᵀ╥ NoDA0616֯⅜ὧὧѠᾼҵ ᾼ​ ֫ᾌѩ Single

ᾼ ЄȲᴖ ᾼ ȲNoDA0616Ϸ ═ ү ὧ Ӣכ​

(ӑ  )Ȳᵀ Single֯ү Ӑ ᾼ ⁄ḥṪ Є(ӑ  )Ȳᴖ 0616 0616db0

֯ Ԍ⁄ ἭϠ NoDA0616ᾼ￼ ȲᴖѹҒϱ 0dbzϷ ᾎצ ֮ ֯ה

ү ὧ ҵ ᾼ ҟ ȲᴖἬצ ᾼה ҏ ‍ ЄȲѻ Ϸ╥

֯иέ ֯ү  Ὼы ᾼ ╝Ȳᴖ ᶺ ṳḥצ ῧ ᾼ

ѹ Ϝ ᾼ Ϸ ᾎẞ ῧ Ȳᴖ Ϝ ֯ᵅԊṔϷ ⅜ὧᾼЍ ᴰҖ

ᾼ Ȳ Ϝ ᾼᵅԊṔ ᾎẞ үὧȲ֪ױ ᾎḀạү ὧ

֫ᾌᾼӢ Ȳᵀ╥֯ү ᴫ⁮ ֝оᾼ ⁯−Ὑ ȴ 
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гȳ ӑẃ  

 

6-1  

 

  Ӑ ṅṿӣWRF-LETKFשׁ ֝оṆ ֝оẒ ​ ᾼ

Ȳѿ Ḃ ה ​ᾼ ϩȲᶺ ṿӣ ᾼХ

Ȳ֝о ֫ᾌ ֣ Ȳ֯ IOP8 0614ᾼ МȲᶺ иᵑṿӣ ECMWF

Ἤ ҏПπȢςυЈ πȢςυЈԛиέ NCEPᾼ fnl ԛиέ NCEP￼

ếṿӣԛиέה ᾼ ѠהȲ ὑ֝о Ḃ ​ ᾼ ϩ Ϛ

Ṇԝᾼиέ Ȳᴖ֯ Мѻ ֽϯ: 

(1) Ἤצ Ꞌ֪֝о ∟ᴖḂ ​ Ȳᴖү ᴫ⁮ ᾼ ​Ḃ я

ẔὙ Ȳᴖѻ ​ ᾼϮ ғЛҠḥȲѻ ☼ ᾼ ╥ứ

Ѭ ᾼϚ ֪ ȲϷ ὙϠWRF-LETKFṆ ֝о ѿ

Ḃ ​ ϩ֯ ​ ᾼ ϩȴ 

(2) ֯ѩ ֝о ֫ᾌ Ɫ֝о ֫ᾌᾼ Ὠ∟Ȳ֝о ֫ᾌṳЛ ѻ ᾼ

​ Ȳᴖ ￼Мᾼה Ἤ Ӣᾼ ᾼ֫ᾌ⁯Ҡѿ֪ױᴖ Ἠ ҷȲᵀ

֯ Ở ∟ᾼ 4Њ П∟Ȳ֝о ֫ᾌᾼ ╥Ӕ ᾼἨ ᾼ

⧵צ ᴷȴ 

(3) Ӧὑ ֫ᾌ᾿ ֝оᾼѬד ІⱢ QrainȳQsnow QgrapelȲᴖ NCEP

ᾼ￼ ה ᾼ╥Ѭӂ QvaporȲ֪֝֯ױо Ở Ȳ ￼ה

ᾼѬד ІᾼṆ ⇔ ẞ֝оᾼ Ȳᴖṿӣ NCEP￼

ה Ӣᾼ￼ ὑ Qrain צ Ȳᴖ 2HR ECẒ

ᾼѩ ҠѿכҏȲ֯ױ 4Њ ᾼ ṳЛṜѿṿ QrainӢכ
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Ṝ ᾼṆ ⇔Ȳᴖױ ὨϷ Ϡכ 3Њ в ​ ᵅᴷᾼ ᶮȴ 

(4) ѩ 2HR ECẒ Ȳ֯Ғ ֝о  ⇔∟Ȳ 3Њ вᾼ ​

ᵅᴷᾼצ ᶮȲᵀ╥֯ 4Њ ᾼ ​ Л ╥ ⇔Ἠ╥ ​иӁ

Ḇ Ὼ Ȳ֪ױҒ ֝о  ⇔ ὑ ​ ֯ 3Њ П∟ᾼ Ὠ

צ ֻᾼ ȴ 

(5) ṿӣ PM ​ᴷ ᾎ Ḃ › 3Њ ​ᵅᴷП ᶮȲᵀד Пϯ צ

ᴷП ᶮȲ ETSи МҠѿ Ȳ֯ ​ѿϱᾼ  Ҡצ ⇔Ȳ֪

ױ ֥ӣẃ ḳἤ ​ᾼ ​ᴷ ȴ 

(6) fnlcv3 fnl Ẓ ᾼѩ ȲҠѿ ῀ṿӣ ѣᾼԛиέ ᾼ 6Њ

ᵂ ᾼѠהẃ ᵂ￼ Ȳ֯ 5Њ ᾼ ∟ȲQrainᾼṆ

⇔ᾼῈ иӁ ⁮ᵓὑᴫצ ☼ ᾼ֝оȴ 

(7) ֯ Ở ∟ᾼ 4Њ ỞȲ֝צоᾼ ӑ֝оᾼ ᾼ ​и

ᵉ ῺȲϞ֪Ẓ῏דצῺᾼ ѐ⇔Ȳ֪ױ ᾼἮ Ȳ֝о

ᾼ Ϸ Њȴ 

(8) ᵀѩ Ἤצ ∟Ȳ ֝о ⇔Ɫ 2Њ ѹṿӣ NCEP￼ ה

Ἤ ᵂᾼ￼ Ἤ֝оҏẃᾼ ​ ὨȲ ֯› 3Њ צ ᵅᴷ

ᾼ ᶮȲᵀ╥ẞϠ 5Њ ═֝о Ȳѹ ​и ԓ ӂᶁȲ

ױױ֪ ṿӣױѠהⱢ Ṿ ứȴ 

ᴖ ϯẃ╥ ϡ -IOP8 0616ᾼ Ȳᶺ ѩ 2HRᾼ ứ ֝

о ⇔ ứⱢ 2Њ Ȳṿӣ ECMWFἬ ҏПπȢςυЈ πȢςυЈԛиέ

NCEP￼ ה ᵂ￼ Ȳᴖױ ᾼ ֽϯ: 

(1) Ϛ Ởᾼԛиέ ∟Ȳ ֪Ɫԛиέ ᾼ₇ ᴖ ὨȲ

Ӑԛиέ ḥצȲἨ╥Ӑẃ ☼ Л ᾼ Ȳ ֪Ɫ ᴖӢכ

☼Ṇ Ȳ֪ױ 0dbzѿḀạ ᾼה ☼Ȳᴖ ∟

ᾼṆ ӂᶁȲẔ ☼ Є ⇔ Лֽ Ϛ ᾼ ☼ᾼ Є ⇔ȴ 
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ױ (2) 4Њ ᾼ Ṝѿṿ￼ ᾼ Qrain ӢṜ ᾼṆ ⇔Ȳ

ѹ ⇔ Єᾼ֮Ѡ ѻ ​ Ϛ Ȳᴖ ֥ Ϛ ᾼщ иέȲ

ױ ԛиέ Мᾼד Єᾼ−צ⇔ ȴ 

(3) ֝о 0dbz ᾼḀạ ᾼ ☼Ṇ ᾼӢכȲᵀ ᾎḂ ѐ⇔Ἤ ẃ

ᾼ ȴ 

(4) Ӧ ∟Ἤ ᵂҏẃᾼ￼ ȲẔ ☼Ӣכ ԛиέ ד

Ȳᴖ ☼Ӣכ ꜙҟד Ȳѹ Ӣכ ᾼ ☼Ṇ Ȳ֪ױ Ḃ

ү ԓ ᾼ ​ ϩȲ ᾼ ╥ Ȳᴖ ᶙԓḀạ ᾼ

☼ӢכȲ֝о∟ᾼ ╥ ֯ѻ ​ ẞ ֻᾼиӁ ⇔ȴ 

 

  Ӑ Ϡ WRF-LETKF ֝оṆ ֯֝о ​ ᾼ

ϩȲḆᶦ ẁ ᾼ֝о ứȲᴖ ֥ѿϱ Ȳṿӣ ∟ṿ

ה 4Њ ᴖ֝о ⇔ 2Њ ᾼѠה╥ Ɫ ᾼϚ ứȴ 

 

6-2 ӑẃ  

 

ֽѿϱἬ ȲӐ ѝ ғṿӣWRF-LETKFכ ֝оṆ Ḃ ​

ᾼ ​ ϩȲᴖ Ȳױֽ ╥ ֵ ḟᾼ Ȳ֪ױ

ӑẃ דֵ−צ╥ ᾼЏᵂ ᾼ Ȳᴖᶺ Ɫ ᵘϩ ᴩᾼЏᵂ

ֽϯ: 

(1) ֥Л֝ἤ ᾼ : ֥Ẕֽ҃ ╦ȳ֮ ȳ Ὲ Ȳѿ

Ḃ ѐ⇔ᾼ ԈȲᴖ ֝оᾼ Ἦ ȴ 

(2) ԛ Ḇֵ :֯ ױȲד2008 гצ ֝ Ȳᴖү ֯ӑẃ

Ԛ∂ 13 Ȳ֪ױҠѿ֝о Ὼ ᾼ ѿ ∂ ᾼ
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ȴ 

(3) ֝о о Ϭ :Ӑ ṅ֝оשׁ Ϭ ȲӑẃҠ

ӦḆ ᾼ ѿ֝о о Ȳѿ Ḃ ᾬ П

ᾼᾭ ȴ 

(4) ṿӣ ἤ ᾎ:֪Ӑ ṅשׁ ֯█ṷ ᾼṆ иӁЛṾᾼצ⇔

ᶮȲᴖ ἤ ᾎѩ ᾎἤ ᾎ ḟиӁЛṾᾼ Ȳѹṿӣᾼ

… Л╥Ϛứ Ȳ ֪֮ạừȲἨ ḟ￼ ᾼ ȴ 
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 ῶ 

ῶ 3-1  1 ῶ 

 

 

 

ῶ 3-2  иέḔ П֝о  

 

 

 

 

 

 

 

 

҅  

֝о  

֝о  ⇔ ╥ᵡ֝о 0dbz ԛиέ ₤ Ѡה 

NoDA N N ECMWF 0.25⇔ NCEP ￼  ה

EC 1Њ  N ECMWF 0.25⇔ NCEP ￼  ה

ECdb0 1Њ  Y ECMWF 0.25⇔ NCEP ￼  ה

2HR 2Њ  N ECMWF 0.25⇔ NCEP ￼  ה

fnl 1Њ  N NCEP 1⇔  

fnlcv3 1Њ  N NCEP 1⇔ NCEP ￼  ה

Ḇ П ה  

иέ  

֝оП  Ѭӂᶝ֮оҙ (km) ₣᾿ᶝ֮оҙ (k m) …  

U Vr 36 4 1.08 

V Vr 36 4 1.08 

W Vr 12 4 1.08 

Qrain Vr,Zh 12 4 1.08 

Qsnow Zh 12 4 1.08 

Qgrapel Zh 12 4 1.08 
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ῶ 5-1  2 ῶ 

 

 

 

 

 

 

 

  

҅  

֝о  

֝о  ⇔ ╥ᵡ֝о 0dbz ԛиέ ₤ Ѡה 

NoDA N N ECMWF 0.25⇔ NCEP ￼  ה

Single N N ECMWF 0.25⇔ NCEP ￼  ה

0616 2Њ  N ECMWF 0.25⇔ NCEP ￼  ה

0616db0 2Њ  Y ECMWF 0.25⇔ NCEP ￼  ה



 

44 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ד2008  1-1 6ѣ 14ѡ 1200UTC֯ 200hPaщ Ȳ Ɫ ϩᴯ

⇔ Ȳᴥ ⱢѬӂ ֥ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ד2008  1-2 6ѣ 14ѡ 1200UTC֯ 500hPaщ Ȳ Ɫ

ϩᴯ ⇔ Ȳᴥ Ɫד ⇔ ȴ 
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ד2008  1-3 6ѣ 14ѡ 1200UTC֯ 850hPaщ Ȳ Ɫ ϩᴯ

⇔ Ȳᴥ Ɫד ⇔ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ד2008  1-4 6ѣ 14ѡ 1200UTC ֮ щ Ȳ Ɫ ϩ

ȴ 
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ד2008  1-5 6ѣ 14ѡ 0600UTC QPESUMS ᾼ Є֫ᾌ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ד2008  1-6 6ѣ 14ѡ 1100UTC QPESUMS ᾼ Є֫ᾌ ȴ 

 

 

 

 

 

 

A 
B C 
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2-1  (a)WRF ה Ȳd01 15еṭ d02 3е

ṭȴ(b)Ἤ֝оᾼХ ᾼᴯ ᵅԊṔҠ ᾼ Є ȴ 

 

 

 

 

 

(a) 

(b) 
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2-2  ϝῖ ֯ ד2008 6ѣ 14ѡ 1200UTC 0.5⇔ԊṔᾼ(a) Ở

֣ Ȳ(b) о∟ᾼ ֣ Ȳ(c) Ở ֫ᾌ Ȳ(d)

о∟ᾼ ֫ᾌ Ȳ(e) о ϱ 0֫ᾌ ∟ᾼ

֫ᾌ ȴ 

 

(a) (b) 

(c) (d) 

(e) 
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