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רּ Є ṅМї(NCAR)Ἤשׁ П Ϭ ииέṆ (VDRAS)Ȳѻ

ṿӣҳ иѠᾎ֝о Ϭ ȲҠѿ ẁ ȳῈ έ⇔П ☼ѐ⇔

Є иέ ȴᵀ╥ȲӦὑ ◦ϱП ѽȲ›ϢׁשṅꞋ Ὑ VDRAS ӣὑү

Ὼ Пиέ ẓ╚ ἤȴ ᴖȲ ╦ ẁ ◦ϱЄ ᾼ ч Ȳ

Ẃֽ ASCAT ₇Ҡѿ ẁ ῶ 10ᴏ ȲѹЛắ ​ ⅜ ȴ╝Ӑ ṅᶦשׁ

ᵓӣ VDRAS֝о ASCAT ч ȲḂ ◦ϱ ЛṜᾼ Ȳ ᴖ с

Ẕ ὑ ☼Ṇ Пиέ ϩȴ 

∂ṅМṿӣБשׁ ẓ֮ᶮ έ ϩП VDRASᾪӐɎIBM_VDRASɏȲ֯ױ ϱ

ṳḂ ›ϢṿӣП֮ ֝оѠᾎȴẔМȲ Ϡ ASCAT Ȳ ֮ϱП֮

ϷϚẆ֝оȴӣѿ циέП Ɫ20136דѣ23ѡ13 UTCὑү ᴫ⁮ᾘ

ӢכП Ṇ ȴ֯ Л֮֝ ֝оѠᾎП М ȲḂ ∟ᾼ֮ ֝о

Ѡᾎ ᵍиέ М Ể ⇔ ЄП ᶮȲṳ ֥ ᵉὑϮ Ὲ

ȴ ȲᵠϢᵓӣױḂ П֮ ֝оѠᾎȲ ᴩ֢ ֝о ȴׁשṅ

Ὠ╓ҏȲỮӑҒϤ֮ ֝о ȲVDRASᾎиέҏ Ṇ Ἁ ц ᴩᴫ⁮

֥П ȴ֯֝о ASCAT ֮ ∟Ȳ ὑ ϩȳ ϩ ᾬ צ

Ḃ ȴ ₣᾿ иέϱȲἉ Ϸ֥ ч ᴟϮ Ὲ Мȴ ∟Ȳ

П ὨϷ ὙȲ֝о ASCAT Ḃ Ӑᵅᴷᾼᴫ⁮ Ȳ ֥ ֮

ϱ ᾼ֝о∟ȲḆ сϮ Ὲ ​Ѭ ֥ѩᾼ֝о Ὠȴ 
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Abstract 

The Variational Doppler Radar Analysis System (VDRAS) developed by National Center 

for Atmospheric Research (NCAR) is able to assimilate Doppler radar observations by using 

4DVar method, and to provide high temporal and spatial meteorological states in convective 

scale. Due to lack of sea surface observation, it has been challenging to generate realistic 

analysis by using VDRAS in Taiwan and vicinity. As we know, satellite can measure in wide 

range on the ocean. For example, ASCAT (Advanced SCATterometer) data can be retrieved as 

product of sea surface 10 meters wind data, which avoids contamination caused by 

hydrometeors in the atmosphere. Therefore, this study is aimed to improve the accuracy of 

analysis by additionally assimilating satellite data by using VDRAS. 

An improved surface data assimilation scheme has also been developed in updated version 

of VDRAS that was implemented with a terrain-resolving scheme (IBM_VDRAS). Note that 

horizontal wind data measured by mesonet and retrieved by the ASCAT are both processed and 

assimilated. A real case of squall line observed at 13UTC of June 23, 2013 near offshore of 

southwestern Taiwan is selected in current study.  

Test on different surface assimilation schemes is conducted first, which indicates that, 

compare to previous scheme, modified surface data assimilation scheme can generate smoother 

and more reasonable analysis. With the updated surface data assimilation scheme, a series of 

experiments is then conducted to investigate the impacts of assimilation of different kinds of 

observational data. It reveals that the low-level wind convergence associated with the squall 

line is successfully analyzed with additional surface data assimilation. The enhanced prevailing 

southwesterly flow and seaward flow are clearly shown, which even modifies analyzed 

thermodynamic, dynamical and microphysical structures of the squall line. In addition, 

evaluations also demonstrate that, with merging of surface data, significant correction of 
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underestimated southwesterly flow on the ocean and better minimization of rainwater mixing 

ratio are present. 
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ϯϚ ◕ Ϸ ҕҕ Ϡéȴ ֫ẞ ṅἬϤשẞׁן ῀ᾼѡІȲ‍ ׁ

ᴔ Ϛ ȳה צ ѝ ЛֻᾼᶺȲṳѹֹוї֮і ᶺȲ ᶺ֯

Ϛᶶ ֢ ῀ Ȳ ϡׁ֯שṅ МȲϷ ϚḔϚḔ֯ Мכ ȴӦ ᴔ

ϱ ᶺשׁכṅ ⇔ȲϷ їᶺ ᾼЄЊṶ Ȳ ᶺ ֯ Ẓד

ṅᾼשׁ ȴ 

ῴ ẞ ⅍Є Ȳ ֵṶ Л ȲϷ ҏṷЊ Ȳᵀ ⅍ᾼ  
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Ẕ ᾼ ᶺ ֵ῀ Ȳ ᾼᶺ ╥ ẞ ֻᾼ Ȳᴖ„   ╥ ᶺ

щἨ╥ ᴩϚṷ ԅ Ȳ ᶺᾼ ϩ ҉и ὍȴױҵȲϷ‍ ȳюϴ  
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ϱюṛϠ ֵ ȴ Ϸ ‒ᶪ  ṟ ᾼ C-POLц TEAM-RȲ ᶺ

֯ ԉ М ẞ ֵȴ צ ṟ ᾼЊṪ Ỡ їᾼ ⅍ЄЊṶ Ȳ ᶺ

ֵ ȴ ȳᵄ  ѿцЄ■ȳֽ ỠȲ ᵗᶺ

ѿц ֵ ⅍ᾼЄЊṶȲяẔ╥ ԉ М ẁᾼ Ầᵗȴѿц ⅍

ᾼᴔ - ү ᴔ ȳ ᴔ ѿц ᴔ Ȳ‍ Ẓד ᾼ ֵ ᵗ

∂ ȲЛҬׁ֯שṅϱȲ֯ϢӢ ẞᾼ ֵ МȲᴔ ╥ Сᶺ−ֵѠ֣Ȳ ᵗᶺ

ȴ ∟╥Ϛ ⇔ ẒשׁדṅӢ ᾼ ⅍ ᴴȲ„ ȳṾ ȳӴὟȳ╢

ȳ ѝ ȲϚ ỏ ȳϚ Ὅ ᾲ ᾼѡІȲᶺ ∟Ϛứ − Ἐᾼȴ 

ẒדѡІ ᾼыᶶȲ ẞϚ ẃМЄׁשṅἬ ᾼ֝ Ȳצ ᵃ Ϛ Ϛ ᵘ

ϩȲ╥ᶺ ϩ ᾼ◙ - ȳӴ ȳᴹ ȳ ȳ ȳῠᵓȳ ȲצϠᵃ ֯Ϛ

Ȳ Ϛ ϢϚ ᴞ֯ȴ ҫҵ ⱡ ṅשׁ֯ ϱᾼ ֵ ᵗȲ ᶺ

ᶶ ֵ ῀ ȴ ∟Ȳ ѯӕᾼ ќ═Ȳ ᶺ ҏ ᾼϚḔȲ⁞ ᾼ
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Ϛ   

1-1 ›ṕ 

    ү ᴯ ᴫыӂ◦ ֮ Ȳ֮ᶮ ѹҳ Ȳḕדӂᶁ Ѭ

2500 ᴏȲϚדҳủ Ϡắẞ ȳ ​цр∟ ☼ ẃᾼ ѬҵȲ

☼ ẃᾼ ѬἨ╥ϚṷМЊѐ⇔ᾼṆ ẃЛҠἕ ᾼḳ ȴᴖắẞү ֮

ᶮ֮ ϱᾼ ֵ Ȳ ὑ צ ֵ ạȲ Ϸ╥ү ֯ ϱ

ᾼϚЄ ȴ 

 Ϭ ẓצ ȳ Ὲ έ⇔ᾼ ȲҠѿ Ӧ

ᾼ ứȲẃ Ẕ ᾼ έ⇔ȴӭ› ᶝᵂ оᾼ ḕгᴟϥפּ

и ҠᶙכϚ ( Volume scan )Ȳ Ὲ έ⇔Ɫ 250еѐȴ֪ױȲ

ד ὑẔ҃ Ȳ Ϭ ὑМЊѐ⇔ᾼщ Ṇ ẁ Ṿᾼ

ȴᵀắẞ֮ פ ᾼ ϯȲ ᾌᾼ ⇔ ᴖϱ

с(ֽ 1.1Ἤӱ)ȲϚ ᶝᵂ ӣ ứᾼ ᵅԊṔⱢ 0.5oȲ֪ױ

Мї 100еṭᾼᴯ Ȳ Ἤ ᾼ ᵅ ⇔Б 1еṭȴױҵү

צ ᾼ֮ᶮȲ ᾌ Ϡ ὔắẞ֮ᶮᾼ⅜ Ȳṿ ֯ ϱắẞ

ֵ ạȴ ∟Ȳү ҳ Ȳ Ẕצ Ȳѿц ⇔ᾼ ạϯȲ

ὑ ◦ϱᾼщ Ṇ Ḇ╥ ᾎ҉и ȴ 

צ ὑ◦ ϱᾼ ЛṜȲ ╦ ד ὑ Л ắẞῈ

ϱᾼ ạȲ◦ ϱ ẞ ⇔ȳ Є ᾼ ₇Ȳ Ἇ ╥ 

Global Positioning System Radio Occultation, GPS RO (Liu et al. 2016)ȳAtmospheric 

Infrared Sounder, AIRS (Liu et al. 2014) ᵓӣЛ֝ч ẞ֯ Є◦ ϱ

Є ᾼ ⇔ȲAdvanced SCATterometer, ASCATOceansat-2 Scatterometer, 

OSCAT⁄╥ᵓӣ ⇔ẃч ҏ ῶ ᾼ ֣ ȴ ᴖȲ ╦ Ьצ

Ϛṷ ạȲẔМПϚⱢ έ⇔ȴᵀ ҅ᾼ Ȳ ╦ ֯ έ⇔
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ϱ Ь ═ ᾼ֯ Ḕȴ 

ῺדẃȲ ֵ ῏ ϩὑ ֝оᶾ ẃḂ щ ᾼῴỞ Ȳ

ẔМ Ӧ֝о ȳ Ὲ έ⇔ᾼ Ȳ ẁ ה Ὼὑ Є

ᾭ ᾼῴỞ Ȳṳצ с ☼ѐ⇔ᾼщ иέ ϩȴ ᴖ◦

Ἁ ᾼЛṜȲ ╥ ᵅ ֝о Ὠᾼ ⇔ȲяẔЛᵓὑЄ

ꜜ вᾼЄ ȴ֪ױӐ ṅМᶦשׁ Ӧ ╦ ᾼ ֥Ȳ

ἒױᾼЛṜȲẃ ẁ Ϛה ḆҒᶙ ᾼϮ ȴ 

1-2 ѝ ֫  

֝оᾼӭᾼ╥ᶦ Ӧ ẃ Ӕ ᾼῴỞה Ȳ ѿ᷄

ẞϚ ה ṾᾼῴỞ ȲẃἏ∟ ᴩ ȴ Эצ ֵ ṓᾼ ֝оᶾ

ȲẂֽṆ қ ᾌ (Ensemble Kalman filter, EnKF) ӣὑ֝о Ϭ

ế о  (Snyder and Zhang, 2003; Tong and Xue, 2005; Xue et al., 

2006 )ȴϮ иᶾ (Three Dimensional Variational Data Assimilation, 3DVAR)Ϸ

ᾛ ӣὑ щ ᾼׁשṅ (Xiao and Sun, 2007; Chung et al., 2009 )ȴῺדẃȲ

Ḇ ϚḔ ֥Л֝Ѡᾎ ᾼ ֥֝оᶾ ȲẂֽ 3DVAR-HybridȳEnKF-

Hybrid (Li et al, 2012; Pan et al., 2012)ȴ 

Ṇ қ ᾌ ὑ Ṽה ἤ ᵅȲ ὔ ᴩӂᴩо Ȳѹ￼

Ѡ Ҡ ☼ Ḃ ȲᵀЬ Є ᾼṆ ӭẃ ’ Ὠᾼ ἤȴϮ

и֝оᶾ ᾼ￼ ⁄╥   Ḗ Ȳ ЛֽṆ қ ᾌ

Ҡ Ḇ Ȳѩ ᾎ ᵛה ἤȲᵀ ╥Ҡѿ ю ȴᴖד

ẔẒ ֝оѠᾎȲҳ иѠᾎ (Four Dimensional Variational Data 

Assimilation, 4DVAR) Ɫ ȲẔᴕ ֝о вᾼ Ȳṳ ᴴ

(adjoint model)ה ᾼה ȲҠѿ ’֝о вἬצᾼ

Ӕ ה ȴSun and Wang (2013)ṿӣӦּר Є  ṅМї(Nationalשׁ

Center for Atmospheric Research, NCAR) Пщ ṅשׁ  Weather )ה
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Research and Forecasting Model, WRF)ᾼҳ ицϮ иṆ иέϚ

ȲẔׁשṅ Ὠ ӱȲṿӣҳ иṆ Ҡч ҏ Ṿᾼиέ ȲṳҠ Ϛ

Ḕ сгЊ ứ Ѭ ϩȴ Э 4DVAR ֝оṆ Ҕ╗ȸNCAR

ᾼWRF-4DVarṆ ȳKawabata et al.(2007)ὑ JMA(Japan Meteorological Agency)

‍ ϩ ϱה ᾼ ѐ⇔ҳ и ֝оṆ Ȳц֝ Ӧ NCAR ᾼ

Ϭ ииέṆ (Variational Doppler Radar Analysis System ,VDRAS ; Sun 

and Crook,1997) ȴ 

Sun and Crook (1997)ṿӣҳ иѠᾎ֝о ὑ έ ה

(VDRAS)ȲẔМ֝оᾼ Ҕ╗ ֣ ֫ᾌȲׁשṅ Ὠ╓ҏ Ҭ֝о

Ϛ Ȳᵀ МᾼϮה ȳ ϩ ц ᾬ Ҡѿ Ӧ Њо

ẗ ᾼ ẃ᷄ẞȴWarner et al. (2000) ṿӣϱ Sun and Crook (1997)ᾼѠᾎȲ

иέּר Baffalo Creek, Colorado֮ ᾼЄ☻Ѭ Ȳѿҳ иѠᾎ֝оWSR-

88D Ȳṳ ᴩ 60и ᾼ ה ȲẔ Ӣᾼ Ὠế ד

ῺȴTai et al. (2011) װ VDRAS ӣ֯ү ֮ᶮ ᾼ Ȳׁשṅ Ὠ╓

ҏȲ Ὲ ֮ ֥ᾼ￼ Ȳ Ḃ ֝оП∟ᾼ ȲẔМȲ

VDRASṳЛẓ ֮ᶮ έ ϩȲ֪ױ WRF VDRAS ֥∟Ȳ ὑ Ѭ

ϷצЛ ᾼῶ ȴTai et al. (2017)Ḇ ϚḔ ֮ᶮ έ ϩᾼ Ѡ

(GCIBM) VDRAS ֥Ȳṿ VDRAS ӣὑү ֮ᶮ Ҡѿч ҏ֮ᶮ

Ӣᾼ Ȳ Ὠ ӱȲẓ֮צᶮ έ ϩᾼ VDRAS ч ҏ֮ᶮ Ӣ

ᾼ ☼ ϩ ȴᴖד ὑԒ›ᾪӐ έ ​ ȲChang et al.(2016)

ϚḔὑ VDRASҒϤԜד ᾬ ȲױѠᾎҠѿḂ ѿἏ VDRASҬצ ​

Ȳ֯׀ ​ Мѹ ᴷᾼ ȲṳҠѿ сЊ​ ᾓϯᾼứ Ѭ ῶ

ȴChen et al. (2016) ѿҳ иѠᾎ֝о֮ Ѭӂ ц ⇔ ȲẔׁשṅ Ὠ

╓ҏȲ ẁ ҵᾼ֮ Ҡצ VDRASᾼиέц ϩȴ 

ᾼצ  VDRASᶾ ֝о Ȳ᾿ẞ Chen et al. (2016)И ֝о֮

ȲT ὑ◦ ϱᾼЄ Ϛ᾿ ╥ЛṜᾼȲ ᴖ ҟ ֵ Ȳה
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Ϸ ϩὑ֯ ḟ◦ ᾼ ȴLiu et al. (1979) ᵓӣ оѠᾎẃ

ᴷ ◦ϱҠ ȲẔМϚ ᾼ ╥◦ ϱᾼ

10 ᴏ ȴӦὑ◦ ϱ ᾼ юȲҬצю ᾼ ц

ҠẁṿӣȲ֪ױ ╦ ᾼ ӣḆ ȲẔМȲASCAT ẁ Ὲ

έ⇔ᾼ◦ ϱᾼ 10ᴏ ȴ 

Chou et al. (2013) ѿ DOTSTARȳT-PARCȳITOPϮ ᾼ᷾

ASCAT֯ ϯᾼ ⇔Ȳ֪Ɫ Ἤṿӣᾼ᷾ ֵᴯὑ

Ὼ Мїц ᾼ ȴἬѿ ᴖṕ ASCAT ᵅᴷȲᴖ

֣ ѻ ẃᴞ ᾼ ◕ȴHersbach and Janssen (2007) װ ASCAT

ᾼ ῶ і ☺М щ Мї(ECMWF)ᾼиέ Ṇ ὑ

◦ Єᾼ⁮ҙ Лצ ᾼḂ ȴBi et al.(2011) ASCATᾼ ῶ

֝о רּ Мї(NCEP)ᾼԓ ה Ȳ ὑ צ Ӕ

ᾼ ȴ 

 ṅӭᾼשׁ 1-3

 ᵠϢṿӣ VDRASиέϚ ◦ ϱᾼ ☼Ṇ Ȳ ᴫ⁮ ү ᴫ⁮

ᾘỴȲ ҟ VDRAS֯ ᾼ Ȳ╥ Мѐ⇔￼ Ȳᵀ

ASCATᾼ ӱȲМѐ⇔￼ ᾼ ᵅᴷᾼצ ᶮȴӦМҶ

ᶝᾼ֮ Ϸ צẞכ ᾼ Ȳᵀ VDRAS ֝о ȲЛ

╥ ᴫ⁮ ᾼ ἤἨ╥ и ȲꞋ ᾎч ҏϱ ᾼ ȲῴḔᵒ ╥ӦὑἉ

ЛṜᾼ ╝ȴ 

 ֮ ֝оѠ ›ϢᾼׁשṅȲ (2017) ֮ ᾼ ȳ ⇔

Chen et al.(2016)ᾼׁשṅѠᾎȲ П ∟ҒϤẞ VDRASȲ ҟᾼׁשṅ Ὠ ӱȲ

ҒϤ֮ ∟Ȳ ч ҏἉ ᾼϚṷ ȴ ᴖȲ ὑ◦ ϱᾼ

ἤȲЬ ᾎ҉и Ȳ Ϸ╥Ɫᴶ ֯ VDRASṆ МҒϤ ╦ ᾼ

֪ȴ 



5 

 VDRASӦ Tai et al.(2011) װ ӣὑү ֮ᶮϱȲ ∟ Tai et al.(2017)

Ϡẓ֮צᶮ έ ϩᾼ VDRASṆ Ȳᵀṳӑ ֮ ֝оᶾ ֥Ȳ

֮ϱ Ὅ֯ ᾼ֮ᶮϱ ᴩ ֝оȲ ֮ᶮ Ἁ ᾼ ἤϷ

╥Ӑ ᾼ ПϚȴ 

 Ӑ ṅѻשׁ ֯Ἃ ϱ ›Ϣᾼ ὨȲṳ ϚḔḂ ֮ ֝оѠ ӣ

ὑ ╦ ֝оϱȲ Ѡױ ӣὑү ֮ᶮ Ẕ Ὼ◦ ᾼῶ Ȳ ᴷ

ҳ иѠᾎȳ֮ᶮ έ ϩ ֮ ֝оᶾ ֥∟Ȳ╥ᵡ צ Ḃ

Ἁ ◦ ѽ∟ ᾼЛᵓכ Ȳṳ с ᾼה έ⇔

ȴ 

1-4 ѝ▐  

 ӐׁשṅԚиⱢϝ Ȳ Ϛ Ɫ Ȳв Ҕᵶ›ṕȳѝ ֫ ȳׁשṅӭᾼ

ѝ▐ ȴ ϡ ⱢׁשṅѠᾎȲӐ Ю Ϭ ииέṆ Ȳѿц Tai 

et al.(2017)ҒϤᾼ֮ᶮ έ ѠᾎȲ ὙӐ ṅṿӣᾼשׁ ȴ Ϯ

Ɫ֮ ֝оᶾ Ȳ Ԓ Chen et al.(2016) (2016)ᾼ ẗ ḂѠ

ה ᾼ֮ ֝о☼ Ȳṳѹ ὙӐ ṅשׁ ᾼҫϚ ֮ ֝оѠ

ᾎȴ ҳ Ɫ ṅȲҔᵶשׁ ᾼ МЊѐ⇔иέȳѿцׁשṅМἬṿ

ӣᾼ֢ Ю ₇ ạ☼ ȴ Х Ɫ֮ ֝оѠᾎѩ Ȳ и

έҏ Chen et al.(2016) Ӑ ṅשׁ ӣᾼ֮ ֝оѠᾎᾼ ȴ г Ɫ

╦֮ ֝о Ȳ ҒϤ ╦ ›∟ ὑ֝оṆ ᾼ ӣ ϩȴ ∟

ϝ Ɫ ӑẃ ȴ 
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ϡ  ṅѠᾎשׁ 

2-1 Ϭ ииέṆ  

ӐׁשṅṿӣӦּר Є ṅМїἬשׁ ᾼ Ϭ ииέṆ

(Variational Doppler Radar Analysis System ,VDRAS)Ȳ╥ Ἤ ẞП ֣

֫ᾌᵓӣҳ иᾼѠהȲ֯ ֝о в ה П ᾼ Њо

Ȳẃ᷄ẞ ὑ ה ṾᾼϚ ῴỞ ȲԛӦ ṾῴỞ Ἇ∟ ᴩ Ȳ

ױ Ȳ֯ ֝о вᾼḕϚ ה ᾼ ẞ

Њȴ 

VDRASѻ Ҕᵶ έ ȳה П ᾼᴴ ȳ(adjoint model)ה

ẗ (cost function)ȳ (weighting coefficient)ứ ѿц Њо ᾎ

(minimization algorithm)ȴױҵȲױṆ Ҡ ֥ԛиέ (reanalysis data) ȳ֮

(surface station)ȳ (profiler)Ὲ(sounding)Л֝ ᴩМ

ѐ⇔￼ иέȲѿ ẁҳ и ֝о›ᾼῴỞ ȴӐ Мѐ⇔￼ ȳ

έ ȳᴴה ȳה ẗ ᾼЮ ȴ 

2-1-1 Мѐ⇔￼  

VDRASҠѿṿӣֵ Л֝ ᴩМѐ⇔￼ иέȲѿ ẁҳ

и ›ᾼῴỞ ȴ Ɫ ȳ Ὲ έ⇔ᾼ Ȳ֝ ⁯

צ ֵ ϱᾼ ạȲᴖᵓӣМѐ⇔￼ Ҡѿ ẁϮ ᾼ Ȳӣѿ

ᾼῈӪȴ 

Ӑׁשṅṿӣѿϯ￼ иέ☼ ȲṳṿӣМѐ⇔￼ ᵂⱢ Ϛ ֝о

ᾼῴỞ Ȳ￼ иέ ṿӣᾼ Ҕ╗ȸМҶ ᶝ253֮ ᴞ

Ȳ ☺М щ Мї(The European Centre for Medium-Range 
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Weather Forecast, ECMWF) 0.75ïĖ 0.75ïԛиέ VAD(Velocity 

Azimuth Display)ȴ 

֯￼ иέ МȲᵓӣ Barnesⅎ иέᾼѠהȲв ҔᵶѬӂ

(uȳv)ȳѬ ֥ѩ(ή)ȳ ϩ(p)ȳ ⇔(T)ȲẔМѬ ֥ѩ(ή) ᴯⱢgὯὫȲ

╥Ӧד ⇔ ᴖ Ȳеֽהϯ: 

 ή ὙὌ
Ȣ
ÅØÐρχȢχς

Ȣ

Ȣ
 ςȢρ 

ẔМÐⱢ ϩ(hPa)ȳTⱢ ⇔(K)ȳRHⱢד ⇔(%)ȴ 

 ⱢϠ ֥֢ ѿ Ӣ Ṿᾼ￼ Ȳױ ṿӣ Sun and Crook 

(2001) ҏᾼѠᾎȲ￼ иέ☼ ֽϯȸ 

(1) ṿӣ ECMWF 0.75ïĖ 0.75ï έ⇔ᾼԛиέ ȲὑӐׁשṅиέ

вȲḕ 60еṭậϚ ₣᾿ ȴ 

(2) ṿӣBarnesⅎ иέѠᾎȲ ₣᾿ в ᴟ ֢ה ⇔ Ѭ

ӂ ȴ 

(3) ֝ ṿӣBarnesⅎ иέѠᾎȲ ֮ в ᴟ Ѭӂה

ȴ 

(4) ṿӣ ἤ ЊӂѠ ֥ᾎȲ ֮ иέ Ὲ₣᾿

֥Ȳ ӢМѐ⇔￼ ȴ 

2-1-2 έ  ה

VDRASвṿӣᾼ ╥ה έ ȲẔМṿӣה Kessler-type

ᾬ оѠ ɎKessler, 1969ɏȲױ оѠ Лᴕ Ԝד Іᾼ ᾬ

ȴױ έ Ӵὑқѫ∂ה ɎCartesian coordinateɏϱȲЛẓ֮צᶮ έ

ϩȲṿӣ Ὅה ꜜ Ԉȴ МҔᵶгה Ѡ ȲиᵑⱢϮ

Ѡ Ȳה ϩѠ Ȳ​Ѭה ֥ѩ Ѡ Ȳה Ѭ ֥ѩ Ѡ Ȳה

ѿϯиᵑ ϱ Ѡ Ὑȸ 
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Ϯ Ѡ  ϯȸֽה

  ’ɳ ”Ӷό (2.2) 

 ’ɳ ”Ӷὺ (2.3) 

 Ç”Ӷ πȢφρή ή ή ’ɳ ”Ӷύ (2.4) 

ẔМόȳὺȳύ̔ ῶϮ Ȳ4ȳʍȳÐиᵑⱢ ⇔ȳῈ ⇔ ϩȲ’Ɫ ☼

ἤȲ”Ӷ╥Ὲ ⇔ӂᶁ ȴὴ Ὕ҅ῶ ϩ ⇔ᾼ ȴӦὑױ Ɫה

ЛҠ ȲἬѿϮ Ӈ Ṝ Ѡ  :ה

 π ςȢυ 

ϩѠ ֽ(Tripoli and Cotton, 1981)ה ϯȸ 

 ὒ ʆɳ ”Ӷ— ςȢφ 

ϩ Ѡ ѻ ᴩ Ѭᴯ —ᾼ ȴὒ ςȢυ ρπ ὐὯὫⱢ Ȳ

ὠ  άί Ɫ Ѭ Іᾼ ȲὅⱢ ᾼứ ѩ Ȳʆ̔ ῶ Ѭᴯ П

… ȴҫҵȲӦὑ Ѭᴯ —֯ ᵂӣϯⱢϚׂ⌡ Ȳ╝Ҡѿ

ӣϯהῶӱȡ 

 — ʃρ ή ή  ςȢχ 

ᴖ​Ѭ Ҡӣϯהῶӱȡ 

 ὠ υȢτ
Ӷ

Ȣ

”ή Ȣ  ςȢψ 

ὴӶ ╥ Ӑ ÂÁÓÅȤÓÔÁÔÅȲὴ╥֮ῶ Ȳ​Ѭ ֥ѩ ή ᴯⱢgὯὫȴ 

​Ѭ ֥ѩ(ή) Ѭ ֥ѩ(ή) Ѡ  ȸה

 Ὑ Ὑ Ὑ ”Ӷ ʆɳ ”Ӷή ςȢω 

 ”Ӷ ʆɳ ”Ӷή ςȢρπ 

֯ Ѭᾭ ϯȲὙ ῶӱ Ѭ Ἤ ᾼכ Ѭ ​Ѭᾼᴞכ

autoconversion ȳὙ ҅ῶ Ѭế​Ѭ ᾼ Ẇ accretion ȳὙ ⁄҅ῶ
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֯Ɫ ếῈ М​ ᾼ ȲѠ  иᵑֽϯȡה

 Ὑ
ᶿ ή ή  ȟ   Ὢέὶ ή ή
π ȟ             Ὢέὶ ή ή

 ςȢρρ 

 Ὑ ɼή ή ”ή Ȣ  ςȢρς 

 Ὑ ɾήή Ⱦ ςȢρσ 

ẔМ +ÅÓÓÌÅÒρωφωиᵑ ứ ᶿ πȢππρί Ȳ‍ πȢπτψφί Ȳή ρȢυ 

gὯὫȴ‎ πȢππςί ⁄╥ ᴕ-ÉÌÌÅÒ ÁÎÄ 0ÅÁÒÃÅ ρωχτȴ 

ҵױ ϩ (ὴ)ȳ ⇔ό4ύ Ѭ ֥ѩ(ή)ṳ‍ ה ȲӇ

Ӧ Ѡ И ẞȸ 

 4 — ρ ή ή  ςȢρτ 

 ή
ή ή ή  ȟ   ὭὪή ή
π ȟ              ὭὪή ή

 ςȢρυ 

 ή
Ȣ
ÅØÐ ρχȢςχ

Ȣ

Ȣ
 ςȢρφ 

 ᶯὴ ᶯ’ɳ”Ӷ’ Ç”Ӷ πȢφρή ή ή  ςȢρχ 

еה ςȢρτȤ ςȢρφ╥ Ӧֵװ ҅∟ ҏ ⇔ 4 Ѭ ֥ѩ ή Ȳеה

ςȢρχ̔ῶᵓӣҔ Ѡ ה 0ÏÉÓÓÏÎ ÅÑÕÁÔÉÏÎҏ ϩ ὴ  

Ӧѿϱг Ѡ ה Ѡ ױȲה έ ―ה ẞϮ

(uȳvȳw)Ȳ ᾬ (ήȳήȳήȳή)ц ϩ (—ȳὴȳὝ)ȴצ ױ Ḇה

Ю Ҡѿ ᴕ Sun and Crook(1997)ȴ 

2-1-3 ẗ  

֯ҳ иѠᾎМȲᶦ Ӧ ҟ ה Ȳ֪ױứ ה

П ᾼ Ɫ ẗ Ȳ֯4DVAR֝о вȲᵓӣ Ѡ

ḇפᵂⱢּה ԈȲ ᶙ ה Ȳ ֢ Ϥ֝оṆ ᾼ ￼

П ᾼ ẗ ∟Ȳᵓӣ ה ᴴ ᾼчה и Ȳ֯ Ṝּפ

ḇ Ԉᾼ ᾓϯ Њоױ ẗ Ȳ ᴖ ẞϚ ὑ ה ṾᾼῴỞ ȴ 
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 VDRASᾼ ẗ ҠѿӦϯῶӱȸ 

 ὐ ὼὸ ὼ ὸ ὄ ὼὸ ὼ ὸ  

 В Ὄὼ ώ Ὑ Ὄὼ ώ ὐ ὐ  ςȢρψ 

ẔМὼ̔ ῶ ה Ȳώ҅ῶ ȴϯ ὦⱢ ￼ ד ᾼ Ȳϯ πῶ

ӱ֝о ᾼῴỞ Ȳϯ ὭⱢ֝оᾼ ᶧȲ.ῶӱ в ᾼ

ȴ(ⱢϚ Ȳ҅ῶ ה П ᾼ Ὲ ȴὄ Ὑи

ᵑῶӱ￼ ẦѠ ẦѠ error varianceȴ 

е(2.18)הҠѿὊ ẃиᵑ Ȳ Ϛ ᵂ￼ ὐȲῶӱ ῴỞה

￼ П ᾼ Ȳ Ϛ ṳЛ ֯ Ϛ МṿӣȲ ╥ӦὑVDRASṆ

Ҡѿ ứֵ ֝о Ȳ֪ױὼ ὸ҅ῶẃᴞὑ›Ϛ ẞ › ᾼ

Ȳᴖ Ϛ ᾼῴỞ ╥ẃᴞὑМѐ⇔￼ Ȳ֪ױ Ϛ ṳЛ ᵂӣ

֯ Ϛ ȴ 

ϡ Ɫ ὐȲῶӱ ה П ᾼ ȴ Ϯ Ɫ Ὲ

ӂ ὐȲѻ ṿ ếה П ᾼ ֥ Ɫӂ ȲӦϯהῶӱ: 

 ὐ В ᶿ ᶿȟȟȟ ᶿ ᶿ  ςȢρω 

ςȢρωהМ„̔ ῶῈ Ȳὸ̔ ῶ Ȳὖ̔ ῶ ה ȴ 

еה ςȢρψМᾼ Ϯ ὐ ҅ῶМѐ⇔￼ (mesoscale background)ȲẔѻ

ᵂӣ֯ ᾼῈӪ Ȳṿ ה Л Мѐ⇔￼ ы ȴ

Ҡѿ ᴕ2-1-1 ȴ 

VDRASᾼѻ Ɫ ֫ᾌ(Z) ֣ (ὠ)Ȳ֝оᾼ Ɫ​Ѭ

֥ѩ(ή) ֣ (ὠ)Ȳ╝Ẕ ẗ ὐҠѿḂֽכϯ: 

 ὐ В – ὠȟ ὠȟ – ήȟ ήȟȟȟ  ςȢςπ 

еה ςȢςπМȲϯ Ὥ̔ ῶЛ֝ Ȳ– –иᵑῶӱ ֣ ế​Ѭ ֥ѩᾼ

ẦѠ observational error varianceȴὠếὠиᵑ╥ ếה Ӣᾼ
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֣ Ȳ ה (uȳvȳw)Ҡѿ ϯה Ɫ ֣ : 

 ὠ ό ὺ × ὠ  ςȢςρ 

ẔМ ØȟÙȟÚ╥ ה ᴯ Ȳ ὼȟÙȟᾀ ╥ ᴯ ȲÒ╥╓ ᴟ ᾼᴯ Ȳ

ὠ ҅ῶ Ѭ І Ȳֽϯȡ 

 ὠ υȢτ Ȣ”ή Ȣ  ςȢςς 

ҫҵȲ М​Ѭ ֥ѩṳ‍ ȲӇ Ӧ ֫ᾌ ᴖ

ȴ Sun and Crook(1997,1998)ȷXiao et al.(2005)ᾼׁשṅכὨȲ ​

Ɫ Marshall-PalmerᾼиӁ₤ ȲҠѿṿӣ :Ȥή ה… ᴩ֫ᾌ ​Ѭ ֥ѩᾼ

Ȳֽϯהȡ 

 ή ρπ
Ȣ

Ȣ  ςȢςσ 

Chang et al.(2016)ḆҒϤ Ԝד ᾬ ὑVDRASМȲҠѿṿӣ:Ȥή

Ȳה… ֫ᾌ כ Ѭ ֥ѩȲԛҒϤ֝оȲֽϯȡ 

 ή ρπ
Ȣ

Ȣ  ςȢςτ 

еה ςȢςσȤ ςȢςτП ᾼ …Ҡѿ ᴕ ςȢρȴӐ ṅМṿӣᾼשׁ ᾬ

Ữӑ Ԝד ֥Ȳ Ҡѿ ᴕChang et al.(2016)ȴ 

2-1-4 H  ה

 ҳ иѠᾎМȲ Ӧ ה ᴴ о֝֯ה вЛ ᴩ֣›

֣∟ᾼч и ȲᵓӣḕϚװᾼ ҅ ҏ ẗ ὑ ạ ᾼ ⇔ Ȳ

И ᴩ Њо ȴᴖẔМᴴ ‹֣ה и֫ҟῴỞ ᾼᴴ Ȳ

ד ὑ ạ ᾼ ⇔ ȴ֪ ȲHױ Ѡ ה Ѡ Пה ╥Ϛ Ϛᾼ …Ȳ

ẓצ ד ἤȲѿϯ Ὑᴴ ᾼ ȴ 

 VDRASМᾼ έ ‍Ɫה ἤ и ױȲה έ ӣה о֣

ᶮהᵂῶӱȸ 
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Ὂὢ

ὢὸ ὢ
 ςȢςυ 

֣ 8ῶӱ ᾼгה (uȳvȳwȳήȳήȳ—)Ȳ Ѡ (2.25)ᾼ

ה 8ҒϚ ɿØȲṳ ἤоֽϯ: 

 
Ὂὢ ɿØ

         Ὂὢ ɿØ
 ςȢςφ 

еה ςȢςφ҅ῶ ה 8ҒϤῴỞ ɿØ∟Ȳ Ϛ◕ ∟ᾼ

ᾓȲ ϡ ѿϱᾼ ע П∟ȲҠ ϚḔ ҏй ἤ  Tangent linear)ה

model, TLM)Ȳֽϯ: 

 
ὋɿØ

Ὃ
 ςȢςχ 

й ἤ ֯(Tangent linear model, TLM)ה е(2.27)הМѿὋῶӱȲTLM╥

ᴴ ᾼѻה ȴVDRASᾼ TLMṳ ע Ȳᴖ╥᾿ ה Ѡ

ἤоᴖ ẞȴ 

֯ҳ иᾎᾼᴴ Ҡה ӦTLM ∟Ȳ ϯԝכ  :ה

 Ὃὖ ὡὌ Ὄὢ ώ  ςȢςψ 

ẔМὖⱢᴴ ȲҢ ϡ Ɫеה σȢρψ Ἤ Ӣᾼ forceȲϱ

4҅ῶ Ȳὡ╥ … ȴ ᴴ ὖ֯ ֝о Ӓ ὸ Ɫ

ὖὸ πȲṳ ᴴ ‹֣ה иȲ ẞᴴ ֯֝о ᾼῴỞ ᾼ

ὖὸȲ֯ҳ иᾎ МȲױὖὸᵛ ẗ ῴỞᾭה ᾼ ⇔Ȳ

ֽϯȡ 

 ὖὸ  ςȢςω 

ᵓӣױ ⇔ ֥ Њо ᾎ ҅ȲҠ Њо ẗ Ȳ ∟ҠḖҏϚ

֯ᾬ ế ϱФדϚ ᾼ ṾῴỞ ԈȲ ῴỞ Ԉ ṿ ᾼה

П ᾼ Ȳ Ὲ ∟Ɫ Њȴ 
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2-2 ֮ᶮ έ Ѡᾎ 

Ԓ VDRASṳЛẓ ֮ᶮ έ ϩȲ֪ױ VDRASӣ֯ү Ể

Ẕ Ὼ֮ Ȳ›Ϣׁשṅ ѬиӁ ṷצ Ȳ ╥Ӧὑү

ẓצ ֮ᶮᾼ ╝ȴTai et al.(2017)ɔ ӣTseng and Ferziger(2003) ҏᾼGCIBM

Ѡᾎ VDRAS֥ ȲṿVDRASẓ ֮ᶮ έ ϩȲѿϯ Ю ֮ᶮ

έ Ѡᾎȴ 

ϚḔ Ԓứ ꜜ Мᾼ֮ᶮה Ȳֽ 2.2ἬӱȲӦὑVDRAS

ᾼ ╥қѫ ɎCartesian coordinateɏȲҒϤ ֮ᶮ Ȳ Ԓѿ

֮ᶮ ⇔Ɫ Ȳ֯ ₣᾿Ѡ֣ϱṼᶧ᷄ҏ (image point)ȳ (ghost cell)

ꜜ (boundary points)Ȳ 2.2╓ҏ (image points) ֮֯ᶮҵȲ

(ghost cell)⁄֮֯ᶮвȲ֪ױҠѿὙ иҏצ ֮ᶮᾼ ȲṳӦ ꜜ

(boundary points)̔ ῶ ֮ᶮᾼᴯ ȴҫҵȲ ЛϚứ ֻ ֥ ֮ᶮ

ᾼᴯ Ȳѻ֪╥ậḟὑ ה ứᾼ έ⇔ȲӦὑ П כ╥

…ȲἒױП ᾿Ϛצ ȲẔ᾿ Мї Ӈ ֻ֯ ꜜ ϱȲ ṕПȲ

П ᾼ ֻ₣᾿ὑ ֮ᶮϱȲ ╥֯П∟ᾼ ѠᾎМ

Ӈ ṿӣᾼȴ 

ϡḔ (image point)ӦẔỂ в ҏẃȲ Franke(1982)

ҏᾼ ᾎ(Inverse Distance Weighting, IDW)W ױ ᾼв ѠᾎȲе

 :ϯֽה

 ‰ В ὡ ‰  ςȢσπ 

 ὡ  ςȢσρ 

 ὡ В  ςȢσς 

ϯ Ὅ̔ ῶ Ȳά҅ῶἬצ ᾼה Ȳ֪ױ‰ῶӱв П∟ᾼ Ȳ‰ ⁄

╥ ϱᾼ ȴ‰ ҅ῶ … ȲẔ Ӧ П ᾼ (Ὠ)ḟứȲὈ



14 

⁄҅ῶ֯Ἤצв ᾼ МȲẔ ᾼ ȴὴ╥Ϛ ȲẔ Ю

ὑ0.0-0.9П Ȳ ẔⱢ0.5ȴ 

ҒϤ ֮ᶮὑVDRAS∟Ȳ (ghost cell)ứ Ɫ ᶮᾼ֮ה ꜜȲ

ױ֪ ֯ ה и МЛ Ḇ ᾼ Ȳ֯VDRASМȲ҅ῶ Л Ḇ

ᾼה (uȳvȳwȳήȳήȳ—)ȲᴖḆ в ẃᴞὑ ᾼ

(image point)ȴ ϮḔ⁄╥ ᴩ ᾼḆ ȴ 

 π ςȢσσ 

 ‰ȟ ό ὺ  ςȢστ 

еה ςȢσσМȲ ὑԉᴶ ÕȳÖȳ×ȳήȳήȳ—ѿ‰ῶӱȲὲ҅ῶ

П ᾼ ȴҫҵ₣᾿ ⇔⁄╥ еה ςȢστҏẃȲὬ҅ῶ֮

ᶮ ⇔ȴ 

Ӧϱ Ҡѿ῀ Ȳ GCIBMᾼ ѠᾎȲ ֮ᶮἬ ᾼכ ϩ֪ ᴕ

ẞ ПМȲḆה ᾼ Ҡѿ ᴕTai et al.(2017)ȴ 

2-3  

ⱢϠ ᴷ֢ Л֝ ₤ ֝о ᾼῶ Ȳ ה П

ᾼ Ȳѿ ᴷ֢ иέ ᾼ ⇔ȴҫҵӦὑ◦ ϱ ЛṜȲ

’ ᾼ ╦ (ASCAT)ЛҒϤ֝оṆ МȲASCAT NetCDF╥ה

ױȲ֪ה ḕ 9 Ȳ’ М Л Ϥ֝оṆ Ȳѿ ᵂ

ѿ ч ₇ Ȳ֪ ױ Ϥ֮ ֝оṆ ᾼ иӁ

ֽ 2.4Ἤӱȴ 

ԒᵓӣᶁѠ (Root Mean Square Error, RMSE)ẃѩ ֢ ῶ

Ȳứ ֽϯ: 

 ὙὓὛὉ
В

 ςȢσυ 
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ϯ ὖ ὕиᵑ҅ῶ ה Ȳ.⁄╥ ᾼ ӭȴRMSEẔ Њ

҅ῶ ה П ЊȲ҅ῶ Ὠ Ṿȴ 

ҫҵṿӣӂᶁ֣ Mean Vector Difference, MVDȲứ ֽϯȡ 

 ὓὠὈ
В

 ςȢσφ 

Ὗ ὠиᵑ҅ῶ ᾼѬӂה и ȲὟ ὠ⁄иᵑ҅ῶ ᾼѬӂ и Ȳ.Ɫ

ᾼ ӭȲMVD Њ҅ῶ ⇔ ȴ 
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Ϯ  ֮ ֝оᶾ  

3-1 ֮  

Ӑ ṅѻשׁ Ἃ (2016)ᾼ∟ Џ ȲWṳҒϤ ╦ ẁḆᶙ ᾼ֮

ȴ (2016)ὑChen et al.(2016)ᾼѠᾎȲҒϤ֮ ὑVDRASᾼ

ẗ МȲеֽהϯ: 

 ὐ ὼ ὼ ὄ ὼ ὼ  

 В – ὺȟ ὺȟ – ήȟ ήȟ ὐ ὐ  

 В ‪ ό ό ‪ ὺ ὺ ‪ — —ȟȟ  σȢρ 

ϱה ᾼ֝о ὑ ҳ МиᵑⱢόȳὺ —Ȳиᵑ҅ῶѬӂ и

Ѭᴯ Ȳϱ έ̔ ῶ ȴ‪ȳ‪ ‪иᵑ҅ῶ֮ ֝оᾼ … ȲӐ

ṅМӦὑֵשׁ Ғ֝о◦ ϱᾼ Ȳṳ ҏЛ֝ᾼ֝о Ȳ֪ױ

ứ ∟Л֝Ȳὑצ ԛ Ὑȴ 

3-2  

Ӧὑ֮ ᴯ ṳЛ ֻ֯ ה МȲ֪ױ ᴩῈ ϱᾼ

Ȳҫҵ Ɫ (WS, ᴯÍί )ц ֣(WD, ᴯo)Ȳ Ԓ Ɫ

Ѭӂ и (όȲὺ)Ȳеֽהϯ: 

 ό ὡὛ ÓÉÎ ὡὈ ρȢπ σȢς 

 ὺ ὡὛ ÃÏÓ ὡὈ ρȢπ σȢσ 

ҫҵӐ ṅМשׁ ֝о ASCATἬч ᾼ Ȳᵀ ASCATᾼ ֣ Ởᴯ

֮ ד 180⇔Ȳ֪ױ ASCATᾼ ṳЛה ϱ ρȢπȴ 

ӦὑӐ ṅἬṿӣᾼשׁ VDRASБẓ֮צᶮ έ ϩȲ֪ױ ֮ϱᾼ
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Ӈ ᴕ ֮ᶮ ⇔Ȳṳ ᴩ ᴯ ה П ᾼ ⇔ Ȳ

ҵ Ἠ╥Ὅ ֯ דה ᾼ ϱȴ ὑἬ ứᾼ ה Ἁ ⇔ѿϯᾼ

ȲṿӣEmpirical power law relation (Peterson and Hennessey, 2010)Ȳ Ѭӂ

и Ӧ ⇔ҵ ᴟ ה Ἁ Ȳ  :ϯֽה

 ᶿ σȢτ 

ϱהМȲὡ Ɫ֮ Ȳὡ ҅ῶҵ ᴟ ה ᾼ ȴὌ

Ὄ ⁄иᵑ҅ῶ֮ ᾼ ⇔ ҵ ᾼ ה Ἁ ⇔ȴ ᶿ Є ứ

צ⇔ ȲӐׁשṅ ᴕChen et al.(2016)Hsu et al.(1994)Ȳ Є ᾭ ⱢМἤ

ứȲиᵑ ứ ֮ ᶿ πȢρτσȲ◦ ᶿ πȢρπφȴ 

Ӧϱ Ҡ῀ȲASCAT ẁ◦ ϱ 10еѐᾼ ₇Ȳ֪ױϚ√

ϱהҵ ᴟ ה Ἁ ȴᴖ ֮ϱᾼ ⁄֪֮ᶮ ⇔Л֝Ȳ ЛϚứ ҵ

ᴟ ה Ἁ Ȳֽ 3.1ἬӱȲ ⇔Ȳ Ὅ ֯ Ὼᾼ ה

⇔ ϱȲ ѩ ⇔ ᵅȲᵀ֝ ậḟὑ ₣᾿ᾼ έ⇔ϱȴ 

3-3 ҳ ֮ ֝оѠᾎ 

 Ӧὑ֮ Ἠ╥ ╦ ṳЛ ֻᴯὑ ᴯ ϱȲϱ ẞ֯₣᾿

Ѡ֣ϱᾼᴯ ҵ ȲӐ ֯Ѭӂ ϱ ᴩῈ ȲИ ᴩ

֝оᾼḔ ȴҳ ֮ ֝оѠᾎ ᴕChen et al.(2016)ᾼ ἤв ☼ Ȳ

ѿϯ ҳ ֝оᾎȲױѠᾎѿ ẔỂ 4 ᾼ ᵂ Ȳ

ה Ӧ Ὲה в ᴟ ᾼᴯ Ȳ  :ϯֽה

0 ὖ ρȢπ ὒ ρȢπ ὒ ὖ ρȢπ ὒ ὒ ὖ ρȢπ ὒ ὒ ὖὒὒ σȢυ 

3.2Ɫв ☼ Ȳּמ Ɫ֮ ᴯ ȲὖȳὖȳὖȳὖⱢҳ Ὼ֮

ᾼ ȴὒ ὒⱢ оᾼ װ֪ ȲPⱢв ᴟ Ὲ ᾼ

ה ȴ 

еה σȢυҠѿ  ȡהϯכ
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 0 ὖύ ὖύ ὖύ ὖύ  σȢφ 

ẔМύ ȳύ ȳύ ȳύ Ҡѿ ᵂҳ ᾼ … ȲẔ ẃᴞὑ

еה σȢυἬ ᾼ װ֪ ȴӦ σȢσἬӱȲ֯ᴕ ֮ᶮᾼ ᾓϯȲ

ᴯὑ֮ᶮвȲ⁄ Ɫπȴ 

ה ᴖ ẞ вה ∟Ȳ еה σȢρ

вה П ᾼ ẗ Ȳᴖ ẗ ֝ ҅ῶẔỂ τ

ϱᾼ ẗ Ȳᴖ∟ ᴩ ֝о Њо ȴ ṕПȲҳ ֮ ֝

оѠᾎ Ӧ ҟ ẔỂ ᾼ τ ϱᾼ ה Ȳԛ Ӧ

Мᾼה Ὲ ӂ ֮ ֝оᾼ ҏҟȴҳ ֝оᾎ

ᾼ ╥Ẕᵂᾎ ᾿ Ȳṳ ю Ȳᵀ ֮ Л ȲҠ

Ẕכ Ὠ ЛὙ ȴ 

3-4 ⅎ ֮ ֝оѠᾎ 

Ӑ ṅשׁ ҏҫϚ ᵂᾎȲ ᴕBarnes(1973)ᾼⅎ иέѠᾎȲԒ Ἤצ

ᾼ֮ ȲҔᵶ ֮ ╦ ϚẆⅎ иέᴟἬצᾼ ה ϱȲ

ẁϚ Ӧ Ἤ ֥ᾼⅎ иέ Ȳеֽהϯȡ 

 ‰ȟ В ὡ ‰  σȢχ 

 ὡ ÅØÐ  σȢψ 

 ὡ В ὡ  σȢω 

ẔМȲϯ άῶӱ ȲÎ⁄ῶӱ ȴὶ҅ῶ֢ ẞ

П ᾼ Ȳ‰ȟ╥ⅎ иέ∟ ὭȟὮϱᾼиέ Ȳ‰ ╥ Ȳὡ ⁄

╥ ᾼ … Ȳὡ ⁄╥ ếȴὑ⁄╥ ᾌ Ȳὑ ЊȲ⁄

ὔצ ᾌ֯׀ȲчПדчȴӐ ṅМשׁ ứὑ υȢπȴ 

Ӧϱה ᴖ ᾼⅎ иέ ȲҠѿԒ ֯ ᾼה М צ

ᾼ Ȳԛᵓӣеה σȢρ ⅎ иέ ה П ᾼ ẗ Ȳ
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ᴩ ֝о Њо ȴד ὑҳ ֮ ֝оѠᾎ ה в ᴟ

Ὲ ȲП∟ԛ ᴩ ֝оȲⅎ ֮ ֝оѠᾎ╥ч֣ ᵂȲ

в ᴟ Ὲה ȲП∟ԛ ᴩ ֝оȴⅎ ֮ ֝оѠᾎᾼ ֯ὑ

֮ ȲҠѿṶԒ ᴟ Ὲה МȲṿ ֝о

ᾼ ἮЄȴẔ ⁄╥ ЄȲ ╥Ӧὑ Њо ᾼ

ֵȴ 

  



20 

ҳ  ṅשׁ 

4-1 Ю 

ү ᴯ ᴫыӂ◦ ֮ Ȳҳ ṳẓצ ֮ᶮȲắẞЛ֝ѐ⇔

ᾼ ϯȲЛ֝ủ ֵצ ₤ ᾼ ѬṶԈȲẔМȲᴴ Ӣᾼ ⁬

ᴫ⁮ ☼ӼⱢ Є​ Ӣᾼ ֪ПϚȴ ҟү ᾼ ֝оᶾ ắ ὑ◦

ЛṜȲ ὑ◦ ϱᾼщ Ṇ ᾎ ẁᶙ ᾼ ȲӐ ṅשׁ

ASCATἬ ᾼ ╚ Ȳ ậςπρσדφѣςσ ү ᴫ⁮ ỏ ᾼ Ѭ

Ȳắẞᴫ⁮ ẃѬ Ȳὑ◦ ϱБ Ӣ ☼Ṇ Ȳ Ὼ ֮

∟Ȳԛ Ӣ ֥ᵂӣȲ ҏὙ ᾼ Squall lineὑ ☼Ṇ › Ȳ

⁮ᴫכ Ϛ ѡ ​ ẞσπ ᴏȴ 

φѣ ςσ ρςππ 54#ᾼ֮ щ τȢρȲҠѿכẞṙ Ṿ

(BEBINCA)ᴯ ֯ ⁮  ῺȲ ѐ⇔ᾼ Є ϱᵬᴫ⁮ ᾼ ᾓȴү ὧ

Ѡ ϱ⁄╥צыӂ◦ ׀ Ȳ֪֯ ױ ᴖṕȲү ױ ᾼ Ԉ Ɫ ứȲ

ᵀЬ ắẞ ҵ ☼ ẃᾼѬ ᴫ⁮ ȴ φѣςσ ρςππ 54#

ᾼERA-Interimԛиέ πȢχυÏ πȢχυÏȲ τȢςȤτȢσиᵑ ӱψυπᴍἂщ

υππᴍἂщ Ȳᴥ ד╥ ⇔Ȳ ҅ῶ ϩᴯ ⇔Ȳ ⁄╥ ȴ

τȢςҠѿכẞ ҵ צ ᾼᴫ⁮ ☼Ȳ ᴫ⁮ ☼ṛ֣ᾼד ⇔ צ

χπϷѿϱȲ҅ῶү ᴫ⁮ᾘ ᾼ ╥ ȴ τȢσ⁄ ϚḔ ӱ ᴫ⁮

⇔ ᾼ⁴⇔ȲҠѿכẞᴫыӂ◦ᴯ ϱắẞ Ȳ ⇔ ᵅȴ τȢτ

ӱςππᴍἂ ⇔ щ Ȳᴥ ד╥ ⇔ ϱρπππȲ ҅ῶ ϩᴯ

⇔Ȳ ⁄╥ ȴҠѿ ⁮ Ϛ Ӕצ ⇔ӂ☼Ȳṳѹ ᴫ⁮ ᾼѠ ȴ֣

ϱ ԈȲ⁮ ֮ צ ҏ ᾼ ☼Ṇ Ȳṳắẞᴫ⁮ ᾼ Ȳצ

Ἇү Ὼȴ 

τȢυȤτȢφиᵑ ӱὧṸ ү ֮ ᾼᴥ оּמҵ ╦ Ȳ Ṽᶧ
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Ɫρπππȳρρππȳρςππȳρσππȳρυππȳρυππ 54#ȴҠѿ ⁮ẞכ ֮ Ϛ᾿

⇔Мѐצ ☼Ṇ ֯׀ Ȳᴖ צ Ȳᵀ֝ Ϸ Ἇү ᴫ⁮ᾘ

Ὼȴᴖ֝Ϛ Ȳү ᴫ⁮֮ ֯ ◕ вϚ᾿ ╥ ᾼщ ȴ

τȢχӱϝῖ 2##'Ϝ 2#+4Ẓ ᾼ Є֥֫כᾌ ȲṼᶧⱢ ρςρφȳ

ρςσρȳρςτφȳρσπρȳρσρφȳρσσρ 54#ȴ ẞכ ☼Ṇ Ὼү

ᴫ⁮֮ Ȳṳ֯ ☼Ṇ › Ӣ ȴ 

τȢψⱢМҶ ᶝςπρσדφѣςσ ѡ ​ Ȳ ςς ,34

Ṇ ∟Ȳ֯ү ᴫ⁮֮ ϯЄּפσπ ᴏᾼ​ ȴӐ ṅᾼѻשׁ

ӭᾼ╥ᶦ ֯ ☼Ṇ › ẞϚ Ὲ έ⇔ᾼиέ Ȳ֪ ╚ױ Ϛױ

֯Ẕ › ҳ иᾼѠה Ὲ έ⇔иέ ȴ τȢωȤτȢρπиᵑ

Ɫ֮ ᾼ ASCATẁᾼ ῶ Ȳ τȢωМҠѿכẞ ֮

צ ᾼ Ȳ τȢρπѩ ҠѿכẞȲASCATч ҏὙ ᾼ ᴫ⁮ Ȳ

֮П ᾼ Ὑ ȴ ѐ⇔иέ ӱȲ Ϛױ ╥

ᴫ⁮ ᴟү ᴫ⁮ᾘ Ȳԛ ỏ Ӣ ֥Ȳᶮכ Ṇ ȴ֪ױ

Ӑ Ṽ ẃ ֝о ȴ 

4-2  

Ӑ ṅМԍשׁ ṿӣֵ Л֝ᾼ Ȳẃ ᾼῈӪ Ȳ

ẔМȲ ֝о МȲ ᾼӔ ⇔ ὑ֝о Ὠצ ᾼ ȴҫҵ

Ẕ҃ ֯ ϱצ ֵᾼ ạȲӇ ԒϠ ֢ ᾼ₇

ἤȲϷצᵗὑ ֝о∟ᾼиέЏᵂȴӐ ֢ ᾼ₇

☼ Ѡᾎ(Quality control)ȴ 

4-2-1 ₇  

Ӑ ṅѻשׁ ṿӣМҶ ᶝᾼϝῖ(RCCG) Ϝ(RCKT)Ẓ Ȳ

Ẓ ꞋⱢᾌ  10еиȲSᾌ◕ᾼ Ϭ ȲꞋ ẁ֫ᾌ(ZH)ȳ ֣
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(Vr) ᾌ (SW)Ϯ ȴ 

Ἤ Ϭ ╥ᵓӣ Ϭ ὑ МȲ֪ ױ ѩ Ѭ ֵ

ẞ ֣ ᾼ Ȳᵀ ֣ ҅ῶ щ ӂᴩᾼ ȴϝῖ Ϝ

иᵑᴯὑү⁮Ӏϝῖ (Җ 23.15⇔Ȳὧ 120.09⇔Ȳ Ἰ 53еѐ) ⅜ὧ

⌡╡ (Җ 21.90⇔Ȳὧ 120.85⇔Ȳ Ἰ 40еѐ)ȲRCCG Ϭ

ЄЊⱢ 21.2 m/s ȲҠ ЄⱢ 176.8еṭȲRCKT Ϭ

ЄЊⱢ 49.5 m/s ȲҠ ЄⱢ 160.8еṭȲẒ῏ ֝ⱢPPI (Plan 

Position Indicator)Ȳѿ Мї ᴩ 0oᴟ 360oᾼ Ȳ ԊṔиᵑⱢ

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

и ᶙכϚװ ȴ 

֯ḥצ ₇ ›Ȳ ‍צ ᾼ ᾌȲẂֽ

֮ῶ ᾌ(Ground Clutter)◦ ᾌ(Sea Clutter)ȲἨ╥צ ᷉ (Folding)

Ȳֽ 4.7ἬӱȲ ᾌ∟ȲЍ ЬצϚṷ ᾌ֯׀ȴӐׁשṅṿӣӦ

ӴМҶЄ ⅍ ᾼ (Radar kitȲ Rakit) 9.1

ᾪ ᴩ ₇ ȴ 

Ԓὑ ᶄ ϯ ‍ ȲѿϯⱢ ₇ ☼ : 

(1) ṿӣ֮ᶮ ⇔ ắ֮ᶮ Ӣᾼ֮ᶮ ᾌȴ 

(2) ֮ϱ ֣ Њὑ2άί Ȳѹ֫ᾌ Єὑ30 dBZᾼ ȴ 

(3) ◦ ϱ ֣ Њὑ2άί Ȳѹ֫ᾌ Єὑ15 dBZᾼ ȴ 

(4) ◦ ϱᾌ Єὑ6ᾼ◦ ᾌȴ 

(5) ϝῖ ԛ ѠᴯṔ1o-100o ᾌ ᾼ֫ᾌȴ 

(6) Ϝ ԛ ѠᴯṔ90o-200o ᾌ ᾼ֫ᾌȴ 

Мṿӣ VDRAS֝о ȲẔ ậ ᾼ Ȳ₣᾿Ѡ֣ה

ѿԊṔᵂⱢи Ṽ ȲԚϟ ԊṔȲѬӂѠ֣⁄Ɫ᾿Ṕᶄ ȴ֪֯ױ ‍

∟Ȳ ∂Ӵὑ ᾼ ֣ ц֫ᾌ Ȳв ᴟѿ ⱢМїȲ

Ɫ500еṭĖ500еṭȲ ⱢϚеṭᾼѬӂ ϱȴ 
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4-2-2 ֮ ₇  

Ӑ ṅṿӣМҶשׁ ᶝᾼ֮ ᴞ Ȳ иӁֽ 4.11

ἬӱȲ έ⇔Ɫ 15и 60и Ȳ ẁ ֣ȳ ȳ ȳ

⇔Х ȴ 

Мѐ⇔￼ ц֝о вꞋצṿӣ֮ ȲМѐ⇔￼ ậ Ἰ

⇔ 100еѐѿϯᾼ֮ ᴞ ᴩ BarnesиέȲ֝о в⁄ṿӣἬ

֮צ ᴞ ȲẒ῏Ꞌ ֮ ₇ Ȳ ֽ

4.9Ἤӱȴ 

֮ ᾼ ṳ Ϛứᾼ ᴕ Ȳ֪ױẔ₇ ẓדצ ᾼ╚

ἤȴⱢϠ ’֮ ᾼ ἤȲ ᵍ֝о֮ Ӣ ᾼ Ӕ ȲӐׁשṅ

֯ҳ и в ᴩϚװ ὔᾼ₇ ☼ ȴὑ֝о вȲ

ה П Єὑ10 άί ⁄ ȴ 

5-2-3 ╦ ₇   

Ӑ ṅМἬṿӣᾼשׁ ╦ Ɫ ASCAT╥Ϛ ѻ ה C bandᾌ

ᾼ (5.25GHz)Ȳ֪ױ ᾌЛ ​ Ἤ  Ȳ ᾿ זּ ȴӭ›

֯ ☺ыῈ (European Space Agency, ѿϯ ESA) ᾼ Metop-A

Metop-B Ẓ ╦ϱ Ȳ Ϸד2018 ὑMetop-C

╦ϱȴMetop-series╦Ȳ ᴩ֮ Ϛ Є ╥ 101и Ȳ ᾼ Ể

Ɫ 29щȲ֯ ֮ פּ 817еṭᾼ ϱ ᴩᵂ ȴẔМȲASCATӣᾼ╥

ᶮᾼ Ȳֽ 4.12 ἬӱȲἬѿ Ȳ֮ῶϱ֝ Ẓצ

ȲẔ פּ⇔ 550 еṭȲМ Ɫפּ 700 еṭȲḕ

ᾼ ╥ӦϮ Л֝Ѡ֣ о Ἤ ẃȲᴖ ᾼѠ֣ד ὑ

╦ ᴩѠ֣ᾼṔ⇔иᵑⱢ 45ïȳ90ïȳ135ïȴӦὑ ᴩ֮ Ϛ Єּפ 101и Ȳ֪

Ϛщױ ᴩ֮ 14 Ȳ 28 ȴ 
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ASCATᾼ ậ Ȳ╥ ╦ ◦ ᾌԛ Ӧ◦ ч

֫ ϱȲ Ἤ ẞᾼч֣ן ֪ⱢЛ֝ᾼ ῶ ⇔ᴖצἬЛ֝ȴ

Ӧ ῶ ⇔ч ֫ᾼ ᾌ ЄЊẃч ῶ ȴ 

ꞌ ṅМї(Royal Netherlands Meteorological Institute,KNMIцשׁ

☺ ╦ (European Organisation for the Exploitation of Meteorological 

Satellites, EUMETSAT)ҏᾪϚṆԝᾼASCAT₇ ѝ ȲẂֽAnton Verhoef 

and Ad Stoffelen(2009, 2011)ȳAnton Verhoef et al.ςπρςȴASCATϷ דֵּ

֢ ҟ ѩ Ȳẃ ᾼ ἤȲẂֽChou et al.(2009, 2012)

ᵓӣ᷾ ASCATѩ ȲA. Bentamy et al.ςππψᵓӣԓ цQuikSCAT 

ASCATѩ ȴ›Ϣᾼׁשṅ Ԛ֝╓ҏϚԈṶȲASCAT₇֯ᵅ צ

Є Ȳ ⁄ ᵅᴷᾼצ ᶮȴ 

Ӑ ṅⱢϠשׁ ASCATӣὑү Ὼ ֮ ȲⱢṿ ₇ Ҡ

Ȳ ᴩϮ ѣԌ ςπρσד φȤψѣ ᾼ иέȲѿ ᵂⱢ

Ȳ иכϮ ⱢṼ Ȳиᵑ╥ υ άί ȳМ

υ ρπ άί ц ρπ άί Ȳѿױ ԛ ᾼASCAT

ᵂ Ȳ֪ ױ ASCATὑЛ֝ ᾼ ȴԛ ᴩ иέ›Ȳ

ậὧḘ ᵂⱢ Ȳԓү ֽ τȢρσἬӱȴ ASCAT

ạȲῺỴ ϱASCATᾎч ῶ Ȳ֪ױ ậὧḘ

╥Є иASCAT ᾼ ȴ 

ⱢϠ ASCAT ὧḘ ᴩ иέȲӇ ASCATв ᴟ

ὧḘ ᾼᴯ ȲҫҵȲ Ἤ ᾼ Ɫ◦ ϱςᴏᾼᴯ Ȳ֪

ױ ҫҵ ₣᾿Ѡ֣ᾼҵ Ȳиέ☼ ֽϯȡ 

(1) ṿӣIDWв ѠᾎȲе(2.32)-(2.30)ה ASCAT в ᴟὧḘ

ᴯ ȴ 

(2) ṿӣEmpirical power law relationѠᾎȲе(3.4)הὧḘ ҵ ᴟ10

ᴏ ⇔ȴ 
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(3) Ṽ ὧḘ ҵ Ȳ иכ ȳМȳ ȴ 

(4) ᴩὧḘ ASCAT ᾼ иέȴ 

Ὠֽ 4.14 ἬӱȲẔ Ὠ ›ϢׁשṅϚ Ȳ ЛЄȲ

ᵀ֯ ֣Ṕ⇔ϱȲ ẓצ Є ȴ 4.15 ⁄ ϚḔ ӱ ᾼ Ȳ

֯ צ Єᵅᴷᾼ ᾓȴ 

Ɫṿ ╦ ₇ Ҡ Ȳѿ Ғ ֝оᾼ ⇔ȲӐ ṅṼשׁ

ϱ ᾼ Ὠ ☼ Ȳ Ẕ 3 ѣԌᾼ ᵂⱢ Ӕ… Ȳ ֯ ֝

о› Ӕ… ԓ Ғẞ ֝оᾼASCAT МȴҫҵȲὑἬ ᾼ Ȳ

ԛ ASCAT ὧḘ ԛ Ϛװѩ ȲѿὧḘ Ἤ ᾼ

ԛװ ὑ ȳМȳ ẔМПϚȲ Ẕ ᵂ щ ứ

ᾼ Ӕ… ȴ ṕПȲ Ἤ ậᾼASCAT ᵂẔМϚ

ᾼ Ӕ… ȲҫҵẒ Ӕ… ⁄ ӣϮ ѣᾼ ȴ Ӕ

… ֽῶϚἬӱȴ 
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Х  ֮ ֝оѠᾎѩ Ὠ 

ה 5-1 ứ  

VDRAS ֽ 5.1 ἬӱȲ Мїה ⇔Ɫ:ὧ 119.5 ⇔ȳҖ

22⇔ȴѬӂ ứⱢ 250 250 Ȳ Ɫ 2еṭȲ ứᾼ

Ҕᵶү ⁮ ⁮ ֮ ȴ₣᾿Ѡ֣ṿӣқѫᶄ Ȳ₣᾿ Ϛ Ɫ250еѐȲ

Ɫ 500еѐȲԚ 30 Ȳ ⇔Ɫ 14750еѐȴ 

ⱢϠ Л֮֝ ֝оѠᾎᾼ ѿц֝о֮ ᾼ ȲӐ

ϠϮ Ȳֽ ῶϡȴBG̔ ῶᾼ╥￼ Ȳṳḥצ ה ֝оȴ

RAD⁄╥ ᾼצ VDRASṆ Ȳ ֝оϠ ᾼ ֣ ֫ᾌ ᾼ​Ѭ

֥ѩȲṳ GCIBM֮ɲ έѠᾎ ֥ȴASFC_4҅ῶ֝о ∟Ȳҫҵ

ҒϤASCATῶ ᴞ Ἤ ᾼ Ȳṿӣҳ ֮

֝оѠᾎȲѿϯ ҳ ֝оᾎȴASFC_B ASFC_4דᴿȲ ᵑ╥ASFC_B

ṿӣᾼ╥ⅎ ֮ ֝оѠᾎȲѿϯ ⅎ ֝оᾎȴ 

Sun and Zhang(2008)ׁשṅМ╓ҏȲṿӣֵ ᾼ֝о Ȳṳὑ֢

Ϥ ȲẔ ẁ ϯϚ ᵂῴỞ Ȳ ᵓὑצ с

ᾼ ϩȴ (2012)ѿц Chang(2014)ׁשṅМȲ ֝о

ᴩ ⇔ ȲẔׁשṅ ὨԚ֝╓ҏȲṿӣẒ ѿϱᾼ֝о Ȳ ὑ ☼ѐ⇔

ᾼщ Ṇ ȲẔ ϩѿц ϩ ᾼ Ɫᶙ ȴ ╥ӦὑVDRASӐṝṳḥ

᾿צ ֝о ⇔ ᾼ Ȳᴖ╥ ᾼѠהȲ֪ױ Ẓ ᾼ

ᾼ ȲҠѿ Ӧ ᾼᴞᴩה Ȳ ẁϯϚ Ɫᶙ ᾼῴỞ ȴ

5.2 ӱϠ ᾼ֝о ȲẒ ꞋⱢ 16 и ȲẒ П ᾼ

Ɫ 6 и 30 Ȳиᵑהּ ֝о 3 ȳϚ ֮ ȲҫҵȲӦὑ

ASCAT╥ ὑ ╦ϱȲ֪ױ в ֝оϚ ╦ ȲὍ

ὑ Ϛ ֝о ȴ Ϛ ᾼ￼ ╥ṿӣМѐ⇔￼ ȲẔ ֥Ϡ
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ECMWF 0.75o 0.75oԛиέ ȳᴞ VAD Ȳ ϡ ᾼ

￼ ⁄ẃᴞὑ›Ϛ ᾼ ȴ 

ҫҵȲ3.1 ẞ֮ ᾼ ứȲӦὑӐ ứᾼ ȲẔ֮

Ҕᵶ ╦ ᴞ Ȳ֪ױ ứⱢ‪ ρςȢυȳ‪ ρςȢυȳ‪

πȴ‪ ứⱢ 0╥֪ⱢӐ ṅỮӑ֝оשׁ ⇔ᾼ֮ ȴ 

5-2 Ὠ 

Ϥ֢ ᾼ Ὠ ›ȲԒ ὨẃϠ ֢ ᾼ ȴ

Ӧὑ◦ ѽ Ȳ2.3 ȲӐ ṅἬṿӣᾼשׁ ASCAT ṳḥצԓ

ҒϤ֝оṆ МȲ ’ ȴ 

5.3 ӱϠϮ ᾼӂᶁ֣ (MVD)ѿц u v и ᾼᶁѠ

( RMSE)Ȳԛ ϚװȲ Ἁה ᴩ Ȳ ╥Ӧὑᶺ

Ҭ’ ASCAT ᴩ ȲױҵȲASCAT Ɫ1300UTCȲ

ױ֪ ᾼиέ Ɫ Ϛ ᾼиέ ȴ 

MVDϱẃכȲ ASFC_4ѩ RAD צ ᵅȲᵀ

ASFC_B⁄ѩ RADᴟю ϠϚҙѿϱᾼ ȴᴖRMSE_Uϱ֝ ╓ҏ

ASFC_Bᾼ ЊȲ ϠЄּפ 1άί Ȳᵀ ASFC_4דѩȲ

ASFC_Bᾼῶ Ь ֻ ֵȴ ∟RMSE_VϷ Ὑ ASFC_Bᾼῶ ֻȲ

RADדѩϷ ϠϚҙѿϱȴ ᴖṕПȲϮ и ӱϠ ⅎ

֮ ֝оѠᾎ֝о֮ ᾼ ЊȲ Ϸ Ὑҳ ֮ ֝оѠᾎ

֝о Ἇҵ ҏҟᾼ ϩṳЛὙ ȴ 

5.4 ӱϠϮ ᾼ ֣ ֫ᾌ ẗ ϯ ᾼ ⇔Ȳױ

ӱᾼ╥ ϡ иέ ᾼ ẗ ϯ ȴɲӦὑ ẗ ᾼ╥

ה П ᾼ Ȳ ẗ ЊȲ⁄ῶӱ ה Ὼ

ȴ 5.4 Ҡѿ ASFC_BЛ ֯ ֣ ╥֫ᾌȲ ẗ ϯ ⇔

╥ ֵᾼȴ Ϸ ὙȲ ֝о֮ ∟Ȳ ϷצᵗὑḂ ֝о ᾼ



28 

⇔Ȳ ╥ Ḃה Ἁ ᾼ֝ Ȳ Ἁ ᾼ ἏϮ Ὲ ӁҏҟȲ

ṿ Ḇה ẞ ☼Ṇ ᾼϮ ȴ֪ױȲ ⅎ ֮ ֝оѠᾎ

Ἁ Ȳṳѹ ὑ ᾼ֝о ὨϷצḂ ȴ 

5-3 ѩ  

ⱢϠצ ҏиέЛ֮֝ ֝оѠᾎᾼ ȲӐ ֢ иᵑד Ȳ

ֽ 5.5 ᾼ☼ ȲRAD ҟ BGҠѿכҏ֝о ᾼ Ȳᴖ

ASFCASFC_B ҟRAD⁄ ҏֵ֝о֮כ П∟ᾼ Ȳ֝ ᾼȲ

ASFC_B ҟASFC⁄ ҏЛ֮֝כ ֝оѠᾎᾼ ч ȴֽ ϯ ӻФѩ

֢ ὑ ϡ ᾼиέ ᾼ ῶ ȴ 

ԒȲ 5.6 ӱϮ ὑ ϡ ᾼ ה Ϛ иέ Ȳ 5.6a

ҠѿԒ ҏἉכ Ѭӂ иᵑᴯ֯ү ⁮ Җ 22.5oᴟ 23oП ᾼᾘỴ

ȴ 5.6b ӱҳ ֝оᾎᾼῶ ȲҠѿכẞ ֮ ѩ 5.6aẃ Ȳᴫ

⁮ ϷצҒ ȴ 5.6c ҅ῶⅎ ֝оᾎᾼиέ ὨȲ 5.6a- 5.6bѩ Ȳ

− ᾼ ẞⅎכ ֝оᾎῶ ҏᾼ ֮ ᶮȲἨ╥ ᴫ⁮ ☼Ȳ

ᾼч ҏẃȴ֪ױᵠϢ ϱ ᾼ ὨȲѿцױ ᾼиέ Ȳ ῴḔᵒ

ứḂ ∟ᾼ֮ ֝оѠᾎ ẓצ Ṿᾼ ϩȲ ϯẃ⁄ҟиέ֢

ᾼ ὑЛ֮֝ ֝оѠᾎᾼч ȴ 

5.7- 5.8 иᵑ ӱ 4 ᾼ ה Ϛ 250 еѐᾼ Ȳ

5.7a 5.8a ӱ Ҭ֝צо Ȳ о ֵᾼ֯ ☼Ṇ ᾼᴯ

ϱȴ 5.7b 5.8b⁄ ӱṿӣҳ ֝оᾎᾼ ȲҠѿ Ὑצ֮ ᾼ

ᶮȲѿц ᾼ ȲЛ Єֵᵧ Л Ἠ╥Лӂ

ᾼ Ȳ צ ᾼ ╥Ӧὑҳ ֝оᾎᾼ ḥ ᾎ҉и ҏҟȴ

5.7c 5.8c ӱṿӣⅎ ֝оᾎᾼ Ȳ 5.7bȳ5.8b ᴿȲ Ҡѿ

֮ ᾼ ѿцᴫ⁮ оᾼ ȲᵀЛ֝ᾼ╥Ȳṿӣⅎ ֝оᾎᾼḂ

Ɫӂ ȴ 5.7d 5.8d ϚḔ ӱẒ ֮ ֝оѠᾎᾼ
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Ȳ−Ὑ ẞṿӣⅎכ ֝оᾎᾼḂ ḆֵȴЛ Ȳ ṿӣ֮ ֝оṆ

ȲЛ ӣᴶ ѠᾎȲ ὑ ☼Ṇ ᾼ Ȳ Ἁ ӢὙ

оȴ 

5.9 иᵑ ӱ֝о֮ ὑ​Ѭ ֥ѩᾼḂ Ȳ 5.9a╓ҏṿӣ

ҳ ֮ ֝оѠᾎ ὑ ᴯ ᾼ​Ѭ ֥ѩ ᶝצ ᾼ ȴדчᾼȲ

5.9b ╓ҏⅎ ֮ ֝оѠᾎ ὑ ᴯ ᾼ​Ѭ ֥ѩ ᾼ

Ḇ ȴ 5.9c Ḇ ϚḔҠѿכҏẒ ֮ ֝оѠᾎᾼЛ֝Ȳⅎ ֮

֝о ὑ Ṇ ᾼ​Ѭ ֥ѩᾼ о ⇔ ЄȲϷ Ɫӂ ȲҫϚѠ Ȳҳ

֮ ֝оѠᾎ֯​Ѭ ֥ѩᾼḂ Ь ᵧ ѩ ╦ᾼиӁȴ ᴖȲẒ

֮ ֝оѠᾎ Ԛ֝ ὙϠȲ ḥצ᾿ ֝о​Ѭ ֥ѩᾼ֮ Ȳ

Ӧ֮ ᾼ֝о Ȳ ὑ ᾬ ᾼ Ϸ Ὑצ ᾼḂ ȴ 

5-4 иέ иέ 

ϱ Ϡ֢ ӻϿѩ ∟ᾼ ὨȲҠѿ ֝о֮ ∟

ὑἉ צ Ḃ Ȳṳѹⅎ ֮ ֝оѠᾎḂ ѩҳ ֮ ֝о

Ѡᾎẃ ḆЄѹḆӂ ȴӐ Ȳṳ ӱ֢ ᾼ ϡ иέ Ȳ

֝о֮ П∟Ȳ╥ᵡ Ḃ Ẕ҃ ? 

֝о֮ Ȳ ὑ צ ᾼ оȲ 5.10 иᵑ ӱ RADȳ

ASFC_4ASFC_Bᾼ ה Ϛ Ȳ 5.10a ӱ֯ ֝о Ȳ

֯ ᴯ Ὑצ ᾼ ֥ Ȳᵀ ᾼ ֥ ⇔ṳЛ ȴ 5. 10b╓ҏṿӣҳ

֝оᾎ֝о֮ ȲẔ ֥ Ϸ ᴯ Ȳ֯Җ 23o Ὼᾼ ֥

צ Ғ Ȳᵀ ֥ ⇔ RADḥצ ыֵȴ 5.10c ӱṿӣⅎ

֝оᾎ֝о֮ Ȳ ֥ ѩϱ Ẓ ẃ −ֵȲҖ 23oᴟ

22.5oП ᾼ ֥ ϷḆⱢ Мȴ ᾿ ẻ ẞἉ ᾼ ἤȲ ᴫ⁮

ᾼ ֝ Ϥ֝оṆ Ȳ ֯ү ᴫ⁮ᾘỴ Ӣ ֥Ȳ ֝о

Ϸ иέҏ ֥ ᾼ ᴯ ȲT ֮ Ḇ ч ҏὙ ᾼ
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Ȳᴖⅎ ֝оᾎ ẁᾼἉ Ɫӂ ȲИ ṿ ֥ Мȴ 

5.11 ӱϠ ϩ ⇔ Ȳ 5.11a 5.11b ὑἉ ϩ

ᾼ ṳḥצ ыֵȲЛ 5.11b ӱᾼ ȴ 5.11c ᾼ

ϩ ›Ẓ῏צ Ὑ ᾼ Ȳ Ḇ Ȳ Ϸ Ϡ ֵȲᵀ

⇔ ѩ П∟ȲҠѿ 5.11c ᾼ ᵅ ᾼᴯ דФצ

ẻ Ȳ֯Җ 23oᴟ 22.5oП ᾼ ᴯ ϱȲ  Ȳᵅ

ᾼ ϷѩҫҵẒ ẃ Ȳ иЛҬ╥ Ὑᵐᴃ ẻ ȲḆч

ҏ Ṇ Ἁ צֻ П ᾼ ϩ ȴᴖ ϚḔиέ ⇔ Ȳֽ

5.12Ȳᴥ ╥в ᴟ ה Ϛ ᾼ ֫ᾌ Ȳ ֝ ҅ῶᵐᴃᾼᴯ ȴ

֫ᾌᴯ Ằ צ ☼Ȳ ☼ᾼἉ ⁄ ὔצᵐᴃȲҠѿ Ϯ

иέҏצ ☼Ṇ Ἁ ᾼᵐᴃ ȴҁ ѩ Ϯ ᴯὑҖ 22.5oᴟ 22o

П ᾼ ᴯ Ȳ ASFC_4ᾼᵐᴃ Ȳᴖ ASFC_Bᾼᵐᴃ⁄צ

ἏҵἋᴼᾼ Ȳ ╥ ASFC_BᾼἉ ֥ Ȳ֪ױ Ӣᾼ ☼ѩ ὒ

Ȳ ᴖҟ ẞ ϩ ȴᵀ ѿ30 dBZиꜜȲҠѿ ASFC_Bᾼ

ᵐᴃ ☼ ᾼᴯ Фדẻ ȲἭ 5- 2ᾼ ὨȲ֝ ὙϠȲ ϩϱ

ᾼḂ ȲϷ ֝Ḕҟ ϩ ᾼ ȴ  
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г  ╦֮ ֝о Ὠ 

ה 6-1 ứ  

ϱϚ ὙϠṿӣⅎ ֮ ֝оѠᾎᾼ Ὠ ѩҳ ֮ ֝оѠ

ᾎẃ ֻȲ֪ױӐ ṿӣᾼ֮ ֝оѠᾎϚ√ ӣⅎ ֮ ֝оѠᾎȴ

ȲӐ Ӕה ֝о ╦ ∟Ȳ╥ᵡ ὑ иέ ἬḂצ Ȳ֪ױ

Ϡ Ȳиᵑ ֢ Ϥ֝о∟ᾼч Ȳֽῶ 3Ȳᴖṿӣᾼ֮

֝оѠᾎᵛ╥ ӣ Ὠ ֻᾼⅎ ֮ ֝оѠᾎȴҫҵȲӐ ṅשׁ ӑ

ẃ VDRASṆ ӣ֯ү ᾼᵛ щ иέȲ֪ױӐ ӣᾼМѐ

⇔￼ Л֝Ȳצ ԒᵓӣWRF ה ד2013 6ѣ 23ѡ 0000 UTC ᴟ

ד2013 6ѣ 23ѡ 1200 UTCȲWRFᾼ ֽ 6.1 ἬӱȲП∟ WRF 1200 

UTC ᾼ ҒϤ VDRASМ ᵂМѐ⇔￼ Ȳ☼ 2- 1- 1 Ϛ Ȳ ṕ

ПȲᵛ╥ ECMWFᾼԛиέ WRFᾼכ ȴ֪ױῶ 3 ӱᾼ֢

֤ ѿwᵂⱢ Ȳ҅ῶẔ ᾼМѐ⇔￼ Ϛ иẃᴞὑWRFᾼ

Ȳᴖױ ᾼМѐ⇔￼ ᵛ Ɫ w_BGȲҫҵ ֝о ᾼ ѿ w_RAD

ῶӱȲԛҒϤ֮ ᴞ ֝оᾼ⁄╥w_SFCȲᴖw_ASFC⁄҅ῶ֝о

ȳᴞ ASCAT ȴ 

VDRAS ֝о ֝ϱϚ ᾼ Ȳֽ 5.1 5.2Ȳҫ

ҵӐ иᵑ֝оЛ֝ᾼ֮ Ȳ֪ הеױ 4.1 Мᾼ֮ ᾼ

ứϷ ἬЛ֝Ȳֽῶצ 4ȲẔӭᾼ╥ᶦ ḕ ẗ ᾼ Ҡ Ϛ Ȳ

ṿ ᴴ ∟֣ה и Ȳ ḕϚ ᾼ ẗ ᶁ ᾼ ᴩ Њо ȴ 

6-2 ￼ иέ 

Ԓ VDRASṆ ֯ ῈӪ ╥ Мѐ⇔￼ Ȳԛ

ᴩ֮ ֝о›ȲӇ ԒϠ Мѐ⇔￼ ᾼἉ ȲИ ֮
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֝оᾼ ἤȴ 

ῶ 5 Ϡ Х Ӑ Ἤצ ᾼМѐ⇔￼ Ἤ ӣᾼ Ȳ ẃ

ȲẒ ᾼМѐ⇔￼ Ҭ ֯╥ᵡҒϤ WRF ECMWFᾼԛиέ

ȴ 

6.2- 6.3 ӱϠ Х Ӑ ӣᾼМѐ⇔￼ П ה Ϛ

ȲҠѿ Л ϤECMWFԛиέ ╥ ӣWRF ᾼἉ ￼

Ȳ чצ ҏᴫ⁮ ᾼ Ȳᵀҁ 4.10 ᾼ ASCATῶ ѩ

Ȳ Ὑ ⁮ҏᴫכ ᾼ ⇔ϱצὙ ȲẒ῏Мѐ⇔￼ ᾼᴫ⁮ Ὑ

ὑASCAT ȴῶ 6 ϠẒ Мѐ⇔￼ ᾼ и ȲҠѿכҏЛ

ϤECMWFԛиέ ╥ ӣWRF ᾼἉ ￼ Ȳ ASCAT

Є−צ Ȳ Ϸ ϠҒϤASCATῶ Ϥ֮ ֝оṆ

ᾼ ἤȴ 

ЬӇױ֯  ԛ ὙϚװȲМѐ⇔￼ ҒϤϠ ECMWFԛиέ Ἠ

╥ WRF ПҵȲ ֮צ ᴞ ᾼ ѿц VADȲ ᷂ Ὅ֮֯

ᴞ ᾼ Ȳѩ 4.9 ᾼᴞ 6.2- 6.3 ᾼМѐ⇔￼

ȲϷ Мѐ⇔￼ ṳЛ иέҏ ᾼ ȴ иϷ ὙϠ ᴩ֮

֝оᾼ ӦȲ ╥Ӧὑ֮ ֯Мѐ⇔￼ М ὑӂ Ȳ֪

Ӈױ ֮ ֝оѠᾎȲ ֮ Ӕᾼ ῴỞה ȴ 

6-3 Ὠ 

Ἥϱ Ἤ ȲӦὑ￼ ╦ П ẓצὙ Ȳ֪ױᵠϢ

֝о ╦ ẃḂ ᾼῴỞה Ȳ иέ֢ ᾼ Ὠ›ȲԒ֢כ

ᾼ ὨȲҠѿԒϠ ֝о ╦ ∟╥ᵡצӔ֣ᾼ ȴӐ ֝ ᵓӣ2-

3 ᾼ еהȲṿӣӑҒϤ֝оᾼ ASCAT ᴩиέ Ἁ ᾼ

ȴ 

Ὠֽ 6.4ἬӱȲ ҏ֯ӑҒϤכ ╦ ֝о Ȳ ὑ◦ Ѿḥ
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Ḃצ ȲᴖҒϤASCAT ∟Ȳ ὑ ῶ צ Ḃ ȴ֯MDVи

ϱȲ w_ASFCѩ ҫҵẒ Ȳᴟю ϠϚҙѿϱȴRMSEи ϱȲ

w_ASFCὑv и ϷḂ ϠϚҙѿϱȲ ᴖȲ w_ASFCὑ

u и ϯ ᾼṳЛֵȲᵀ ҫҵẒ ѩȲRMSEᴟюϷד Ϡ1-2 άί  

ҿҢȴ 

ҫҵ ẗ ϯ ᴍиѩẃ Ȳֽ 6.5ӱȲҠѿ Ȳ

ὑ ֣ ᾼ Њо ᶮȲϮ ḥצ ыֵȲ ẞ15%ҿҢȴ ᴖ֯​

Ѭ ֥ѩᾼ ϱȲϮ ҏ Ὑ Ȳ ֝о Ȳ​Ѭ ֥ѩ

ẞ20%ҿҢȲ ᴖҒϤ ֮ᴞ ∟Ȳ​Ѭ ֥ѩᾼ ԛ ϚḔḂ Ȳ

ᴖԛҒϤ ╦ ∟Ȳ ​Ѭ ֥ѩᾼ ẗ ⁄ ᴟ10%ҿҢȲ ṕПȲ

╦֮ ֝о ѩ ᾼVDRASȲ֯​Ѭצ ֥ѩ ẗ ᾼ ϱ

ֵ Ϡ10%ȴ Ằ ȲҒϤ ╦ ∟Ȳ ὑ​Ѭ ֥ѩᾼϮ ϱȲ

Ḇ Ὼ ᾼ֫ᾌȴ 

֯ и ϱȲḆ ϚḔ ȲVDRASṆ ҒϤϠ ╦ ∟ȲЛ Ἁ

ἬḂצ ȲϮ Ϸ ϚḔ Ȳṿ ​Ѭ ֥ѩḆ ὑ Ȳ֪

ױ ẁ Ɫ ᾼϮ Ȳ∟ иᵑ ֢ ὑ֝оП

∟ᾼ ȴ 

6-4 иέ 

Ӑ Ȳ֝оЛ֝ ₤ᾼ ȲӐ ᵓӣ 6.6 Ȳ᷂Л֝

ד Ȳ ѿиέҏḕ ὑ֝о Ὠᾼῶ ȴw_RADҟw_BGv

ҏ֝оכ ᾼ Ȳ֝ϱȲw_SFCҟw_RAD⁄ ҏ֝оᴞכ

ᾼ ȲṼױ Ȳw_ASFCw_SFCד Ȳᵛ ҏכ ╦ ᾼ ȴ 

6.7- 6.8 ӱϠ֢ ֯ ה Ϛ 250еѐϱᾼ Ȳ

6.7a 6.8aכẃȲ ֝о Ȳ֯ ☼Ṇ ᴯ Ὑצ ᾼḂ

Ȳ ϱϷ ҏȲ֯כ ᴯ ϱצ ᾼ ֥ ȴ 6.7b 6.8b
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ӱȲ ҒϤᴞ ∟Ȳ Ὑצ ᾼ ֮ ᾼ Ȳᴖ ὑ ⁮ ⁄

ԛϚװ о ֥ ȴ 6. 7c 6.8c ӱϠҒϤASCAT ᾼ Ȳ

ᴖὔṓᾼȲ ὑ ԓצ ἤᾼ ȲT ὑ ֥ ḥצԛ ϚḔᾼ оȲ

Л Ἁ ֥ ᾼ ȲЬ ҏѻכ о ҏ ֯ ᴯ ϱȲ и

Ὑ֝о ╦ ∟Ȳ ὑ Ṇ צ╥ ϚḔ ȴ ∟Ȳ 6. 7d

6.8d ⁄ ӱἬ֮צ Ϛ ֝оᾼ ȲҠѿϚ֝כẞ ֮ᴞ

ᾼ ֮ Ȳѿц ╦ ᾼ Ȳṳѹ 6.8d ᾼ ֥

ȴ ϱἬ ȲҒϤASCAT VDRAS֥ Ȳ ẁϚ ḆҒԓ ᾼἉ

Ȳ ὑ ☼Ṇ Ἁ ᾼ Ḇᶙ ȴ 

6. 9 иᵑ ӱ֮ ╦ ὑ Ἁה ​Ѭ ֥ѩ ᾼ

Ȳ 6. 9a ӱϠ ֝о ֮ ∟Ȳ֯ү ᾘỴᾼ​Ѭ ֥ѩ юȲчᴖ

֯ү ᾘỴҵ ᾼ​Ѭ ֥ѩ ҒȲ ╥Ӧὑ ֮ ᾼ ҒϤ∟ȲᾘỴ

ᾼ Ȳ ​Ѭ ֥ѩ Ἇҵ Ȳ֪ױ ∟ ẞȲ​Ѭכ ֥ѩ

Ғᾼᴯ ẞ ᾼ ᴯ ȴ 6. 9b⁄ ҏכ ϚḔҒϤ ╦ ∟Ȳ

​Ѭ ֥ѩ ϚḔḂ Ȳ​Ѭ ֥ѩ Ғᾼ ẞ ᾼ Ȳ

ṳѹ֯ү ⁮ ᾘỴ ẞȲכ 6. 9a юᾼ​Ѭ ֥ѩȲױ чᴖ Ғ֫ẃȴ

6. 9c ⁄ ϚḔ ӱ ֮ ᾼ Ȳ֯Җ 22.5oᴟ 22oП ᾼ

ᴯ ϱȲ ᾼ​Ѭ ֥ѩ Ғᾼ Ὑ Ȳ 6. 8d Ȳ

оᾼ ֥ ױ ᾼ​Ѭ ֥ѩ ȴ ԛϚװ ὙȲ ᵠϢ ҒϤ

֝о֮ Ȳṳḥצ ⇔ Ȳᵀ Ḃ Ȳ ֝ ᾬ

ᾼиӁȴ 

ϱ иέ ὨꞋῶὙȲ ֝о Ȳ ☼Ṇ ᴯ

Ὑצ Ḃ ȴᴖҒϤ ֮ ∟Ȳ ὑ ֮ᾼḂ Є Ȳṳѹ Ӧ ה

Ȳ ϚḔ ֯ ᴯ ϱȴ ᴖȲԛҒϤ ╦ ∟Ȳ Ṇ ҵ

ԓ ἤᾼḂ Ȳᴖ֝ ᾼȲ ὑ ϱᾼ Ϸ ϚḔ ẞ Ṇ ᴯ

Ȳ ὑ ​Ѭ ֥ѩ צ ϚḔ ᾼ Ὠȴ 
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6-5 иέ иέ 

ϱ ῶὙϠ֝о ╦ ∟Ἤ ӢᾼḂ ȲӐ Ȳ Л

֝ ᾼ ֝о Ȳ ὑ Ἁה иέ Ὠȴ 6.11- 6.12 ӱϠ 3

ᾼиέ Ȳ 6.14- 6.17 ӱ₣᾿ ȴ 

6.10a Ҡѿ ֝о ᾼ ῶ ֯ ☼Ṇ ᴯ ⱢὙ ȴ

6.10b⁄ ӱҒϤ֮ ᾼῶ Ȳ−Ὑ ᾼȲ֯ ◦ ϱᾼ ῶ

6.10aḥצ ȲT ֯ ֮ϱצ⁯ ᾼ ֮ ȴᴖҒϤ ╦ ∟Ȳ

ֽ 6.10c ἬӱȲᴫ⁮ ᾼ ֵȲ ṕПȲ 6.10c Ἤ ӱᾼ╥Ἤ

צ ֝оᾼ ὨȲ ẞӦ֝оכ Ἤ ȳẃᴞ ֮ᴞ

ᾼ ᶮȲѿцASCATẁᾼ ᴫ⁮ Ȳ Ϡ w_ASFC

ẁᾼ ϩ Ɫԓ ȴ 

ϚḔиέ ϩ ⇔ ᾼ Ȳֽ 6.11- 6.12 Ἤӱȴ 6.11a

ц 6. 11bῶὙ֝о Ἠ╥ԛ֝о ֮ᴞ ∟Ȳ ὑ ϩ ᾼḂ

ṳЛЄȲᵀ╥ w_SFCᾼ ὑ w_RADȴҫҵȲ Җ

22oᴟ 23oП ᾼ ȲҠѿ ȲẒ῏ᾼ ᴯ ᵅ צ

ẞȴדчᾼȲ 6. 11c⁄ ӱϠԛ֝о ╦ ∟ᾼ чᴖ ֵȲṳ

ѹ ᾼ Ɫ  ȴ כ 6.12 ӱᾼ╥в ᴟ ה Ϛ ᾼ

֫ᾌ ⇔ ȴ֝ ᾼȲ 6.12a- 6.12b ӱϠ w_SFC

w_RADẒ῏ᾼ ⇔ ᾼῶ ЛЄȲ ☼Ṇ Ἁ иέҏᵐᴃצ ȴ

6.12c ⁄ ϚḔῶὙϠҒϤ ╦ ᾼḂ Ȳ֝ ᾼ֯ ᴯ ϱ чצ

ҏᵐᴃᾼ Ȳᵀ Ϯ ѩ ∟ȲᴯὑҖ 22.5oᴟ 23oᴯ ϱȲ ӱ

w_ASFCᾼᵐᴃ ȴױҵȲ ѿ 30dBZ Ϛ иꜜȲ ☼ Ἁ

ᵐᴃᾼצ Ȳ֯ ү ᴫ⁮ᾘỴ Ȳ w_ASFCᾼᵐᴃ

☼ ᾼᴯ ѾϚ ȴ ᴖṕПȲ w_ASFCὑἉ ᾼ ϩ ѿц

ϩ ᾼῶ w_SFCw_RADצ‍ Ὑ ᾼЛ֝ȲϷ ὙϠҒϤ
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╦ ∟ᾼ ȲἉ ᾼ Ḃ ȴ 

ϱ иέϠἉ ἤȲⱢϠϠ ֮ ֝о∟Ȳ╥ᵡ Ἁ

֣ϱ ȲϚẆḂ ᾼϮה Ȳ֪ױйϠẒ ₣᾿ Ȳֽ 6.13

ἬӱȲ ӱϠ ה Ϛ 250еѐᾼ ֫ᾌ ȲиᵑйϠҖ 22.3oN 23.1oN

ᾼ₣᾿ ȴҖ 23.1oNҠѿכҏצϚ Зᾭᾼ֫ᾌ ȲᴖҖ 22.3oN⁄╥

צ ᾼ֫ᾌ Ȳṳѹ ☼Ṇ › צ ֫ᾌȴ Ӧ Ẓ ₣᾿ Ȳҟиέ

ԒVDRASṆ ╦֮ ֝о ᾼ ȴ 

6.14- 6.15 ⱢҖ 23.1oNᾼ₣᾿ Ȳ 6.14Ɫu ☼ Ȳ Ԓ

ᾼ VDRAS ֝о Ȳᵀ ҒϤ֮ᶮ έ Ѡᾎ∟ȲЬ иέҏ

ᾼ ᶮȲṳ֯Ѝ› ᴰȲֽ 6.14aἬӱȴ ᴖȲҒϤ֮

∟ȲЛ Ȳ ⇔1еṭѿϯ ẁᾼ и ϫи ȲἉ и

ϷצҒ Ȳֽ 6.14bἬӱȲ Ϛ ᾼ╥Ȳ ⇔1ᴟ2еṭᾼᴯ ϱȲ

Ϸצ ȴ ὙϠẒԈṶ Ȳ ᾼ ϡ Мṳӑ֝оASCAT Ȳ

ᵀ Ϛ ֝о ╦ ᾼ Ьצ ẞ ϡ ȲẔϡ⁄╥Ἁ ᾼ֝о

Ȳ Ӧ Ӑṝᾼה ֣ϱ ȴ 6.15⁄ ӱϠὑҖ 23.1oN​Ѭ

֥ѩ ₣᾿ ᾼ Ȳ ҏכ w_ASFCᾼ​Ѭ ֥ѩ Ϡ ֵȲ

ṳѹϯḛ Єȴ 

Җכ 22.3oNᾼ₣᾿ Ȳ֯ ῶ ϱ ҏḆὙכ ᾼ Ȳֽ

6.16ἬӱȲ w_ASFCᾼ и ḆⱢ Ȳ֝ ᾼȲ Ἁה ᴟ ⇔ 3е

ṭᾼ и ѩ w_RAD ȲԛϚװ Ὑ֮ ֝о ֣ϱ

ȲҫҵȲ ᾼи Ϸ ⱢὙ ȴ 6.17Ϸ ӱϠ​Ѭ ֥ѩ ₣᾿ ᾼ

Ȳ−Ὑ ҏכ w_ASFCЛ ֯₣᾿ Ἠ╥​Ѭ ֥ѩᾼ Ȳ ѩ

w_RADẃ ц ȴ 

ϱἬ ȲҒϤASCATᾼ ∟Ȳ Ȳ ϚẆҟḂ

ᾬ ȳ ϩ ϩ ȲṳѹȲἉ ᾼ Ϸ Ӧ ȲἏϮה Ὲ ҏҟȴ

6-3 ὨϷ ὙϠȲҒϤ ╦ ∟ ẁᾼḂ Ȳ ╥Ӕ ᾼḂ Ὠȴ 
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6-6 ☼Ṇ иέ 

ⅎ ֮ ֝оѠᾎȲṿ ╦ VDRAS֥ Ȳ

Ὠ ╓ҏ ╦֮ ֝о Ὠ ὑиέ ἬḂצ Ȳҫҵ ὑ Ϯ

צ ὨȲӐ ṅᾼӭᾼ╥ᶦשׁ ẞ έ⇔ᾼϮ

Ȳ› Бצ ֵ ὨȲᵀ ὑ ☼Ṇ ᾼ юȲᴖ Ӕ

ҟ έ ☼Ṇ ᾼ ȲӇ иέ ל ᾼ ȲИ Ӕ ӱҏ

☼Ṇ Ӑṝᾼ ἤȴHouze (1989) ὑ Ṇ צ ֵ Ȳ

Ӑ ṅᾼשׁ ›ϢṳЛ֝דȲᵀЬᶦ Ḃ ∟ᾼиέ Ȳ ẁϚ

☼Ṇ ᾼ ȴ 

VDRASᾼиέ Б ҔᵶϠ ☼Ṇ ᾼ Ȳ ṕПȲиέ ᾼ

Ὠ╥ẃᴞὑ ☼Ṇ Ӑṝ ᾼ ὨȲᴖϚ ậ ᾼ

Ɫᵺ ȲᵀVDRAS֯ Ϥ ›ȲἬ ᵂᾼМѐ⇔￼ ȲᵛҠ ᵂ

ᾼ Ȳ ╥ӦὑМѐ⇔￼ ╥ ֥ ֵ ⅎ иέП∟ᾼ ὨȲ

ױ֪ ᵂ Є ᾼ￼ ȴ 

ⱢϠиέ ☼Ṇ ᾼ ȲӐ w_ASFCиέ ҟМѐ⇔￼

ᾼ Ȳ― ẞ ☼Ṇ Ӑṝᾼ ȴ 6.13Мᾼ Ɫ ᴩ ☼ иέ

ᾼ ᴯ Ȳ ֽ 6.18-6.19ἬӱȲᴥ ╥Ӧ​Ѭ ֥ѩ е(3.22)ה

ᾼ ֫ᾌȲ 6.18Мᾼ ⱢѬӂ ᷾ ẞ ᾼѬӂ Ȳ 6.19

⁄Ɫ₣᾿ ȴ 

6.18Мᴊᴥ ҅ῶ ᾼϤ☼ (inflow)Ȳ М╓ҏϤ☼ ϱ

☼Ṇ Ȳ 4.54.6ᾼּמҵ ╦ 4.7ᾼ ֫ᾌ ȲҠ

ѿ ү ᴫ⁮ ᾼщῈ юȲ 6.18ᾼϤ☼ Ϛ ȴҫҵȲ

Ṇ ∟ ȲϷ ҏ∟Ѡв☼(rear inflow)כ ȴ 4.19Ϸ╓ҏ Ṇ ᴯ

ᾼ ϱс Ȳᴖ ☼Ṇ ᾼ∟ѠȲМ Ϸ έҏϯ Ȳ Ϡ

Ṇ ϱᾼ ϱс ẞ ∟Ȳ Ѭ І֣∟ἹȲ Ӣ∟Ѡᾼ ᾭ Ѭ ȴ
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ԛװѩ 6.18-6.19Ȳ ẞ∟Ѡכ ӴᾼҫϚ ☼ Ȳ Ϡϯḛ ᴫ⁮

ԛϚװ ֥Ȳ Ӣ ᾼ ☼ȴ 

Ӑ Ԓ Ὠ ὙҒϤ ╦ ֝оᾼḂ Ȳṳ Л֝ ֝

о∟ᾼḂ ѿциέ ὨȲ ∟ Ẕ Мѐ⇔￼ ד ☼Ṇ ᾼ

ȴϱ ӱȲ ╦ VDRAS֥ Ȳ ᾼ֮ ֝оѠ

ᾎȲ Ẕиέ Мѐ⇔￼ ד ∟Ȳ ϚḔ ᴩ ☼Ṇ ᾼиέȲ

ṿиέ ὨṳЛ╥ᶙԓ Ϛ ȲT ϱᾼ ╥ ֯Ϛứ

⇔ϱч ҏẃȴ 
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ϝ  ӑẃ  

7-1  

ӐׁשṅṿӣӦּר Є ṅМї(NCAR)Ἤשׁ П Ϭ ии

έṆ (VDRAS)ȲṳҒϤ֮ᶮ έѠᾎ(GCIBM)֮ ֝оѠᾎȴѿἏ

VDRASӣὑү ֮ᶮ Ὼ֮ ȲӦὑ ạ ◦ ᾼ

ѽȲṿ иέ ЬצЛṜȴ 

ASCAT ֯ ☺ыῈ (ESA) ᾼ Metop-A Metop-B

╦ϱᾼC- band Ȳ Лắ ​   ᴖ ẁ ῶ 10ᴏ ȲӐ שׁ

ṅ ASCAT VDRAS֥ Ȳ ẁḆҒԓ ᾼ֮ Ȳԍ ч ҏḆ

Ɫᶙ ᾼϮ ȴ 

Ӑ ṅиⱢẒЄשׁ иȲẔϚⱢḂ ֮ ֝оѠᾎȲẔϡ⁄╥ ╦

ҒϤVDRAS∟Ȳиέ֝о ╦ ᾼ ȴṳ ậ20136דѣ23ѡᾼ

ϱ Ṇ Ȳ ᴷЛ֮֝ ֝оѠᾎ Л֝ ₤ᾼ ֝о ὨȲẔ

Ὠ Ɫѿϯ : 

(1) ⅎ иέѠᾎ ֮ ֝оᶾ ֥Ȳ ֝ḔḆ Ἤצᾼ

ȴ ҟᾼ֮ ֝оѠᾎ ᴩ ѩ Ȳ Ὠ ӱȲ ᾼ֮

֝оѠᾎḆ Ἁ ἏϮ Ὲ Ȳṳѹṿ Ϯ

Ḇ Ὼὑ ȴ 

(2) ԒVDRASṆ ṿӣМѐ⇔￼ ᾼῈӪ Ȳᵀ

ASCAT ӱȲМѐ⇔￼ צ ᵅᴷȲ Ϸ ὙϠ ҟ

VDRASиέ ὑ◦ ϱ ЛṜᾼ ȴ 

(3) ֝о ╦ Ȳ ◦ Ἁ Ȳ Ὠ ӱȲҒϤ ֮ᴞ

ȳASCAT Ȳ Ḃ Ϯ Ȳṳṿ ◦

ϱᾼ Ḇ ὑ ȴ 
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(4) ắ ὑ ╦ ᾼ έ⇔Ȳṿ ASCAT ὑ Ϛ ᴩ

֝оȲᵀ ᾼ֮ ֝оѠᾎȲЛ ASCAT ֣Ϯ Ὲ

ȲϷ Ϛ Ḃ ᾼ ẞ ϡ Ȳ֪ױ ϡ

Ϸ ֝ḔḂ ȴ 

(5) ╦ VDRAS֥ Ȳṳ ӣ ᾼ֮ ֝оѠᾎȲẔиέ

ҟМѐ⇔￼ ᾼ ∟Ȳẓצ ☼Ṇ иέᾼ ϩȴ 

7-2 ӑẃ  

ӐׁשṅḂ ֮ ֝оѠᾎȲṳҒϤ ╦ ҳ иѠᾎ ֥ȲẔ

ṅשׁ Ὠ ӱȲẔиέ Ḃ Ϡ иέ ᾼ Ȳṳẓ ☼Ṇ и

έᾼ ϩȴᵀЬצ ֵ֮Ѡ Ḃ : 

(1) МⱢϠҐ ֝о ᾼ Ȳ֪ױṳӑҒϤ ⇔ ᾼ֝оȲ

∟ױ֪ Ь ҒϤ֝о ֮ ᾼ ⇔ Ȳṳиέ ֮ᴞ

⇔ ᾼ ȴ 

(2) Ӧὑ ѽ ϱ Ȳ ASCAT ẁ ῶ ȲᵀẔ҃

Ь ḥצ ȲᴖЄ и ╦ ẁ ῶ ⇔

ȲᵀVDRAS ᾼה ПϚⱢ Ѭᴯ Ȳ֪ױ ֝о ῶ

⇔ ȲЬ ᴩ Ȳ иϷ ᴩֵװᾼ ȴ 

(3) ắ ὑ ╦ ᾼ έ⇔Ȳ ὑ֝о ᾼ Ȳṳḥצ ᾎ ẁ

ḕ Ϛצ ╦ Ȳ֪ױӑẃ ᴩ ῶ ⇔֝о ȲЬ

Ẕ ᾼ ╥ᵡ ᴟ∟ ȴ 

(4) Ӑ ṅשׁ ὑ сиέ ᾼ Ȳ֪ױṳӑ ὑ∟ ᾼиέȲ

∟ Ь װֵ ∟ ὑϚЊ ᴟгЊ ᾼᵛ ϩ

ứ Ѭ ᾼ ȴ 

(5) ☼ῴỞ ⱢῺ ṅᾼѻשׁד ПϚȲᵀ ҟἉ ᾼЛṜ

◦ ЛṜȲṿ ᴩиέ ȲἏἏ╥ ☼Ṇ Б ȴӑ֯׀
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ẃ Ḃ ∟ᾼ֮ ֝оѠᾎȲ ӣὑү р∟ ☼Ṇ ᾼ

ȲἨ╥ ϱ ☼ῴỞᾼиέ ȴ 

(6) VDRAS›ᾼ оѠהⱢYŜǎǎƭŜǊ-typeȲ ҟׁשṅ ӱȲ צ ​

о ȲҠ ṿ Ѭ צ ᴷᾼ ᶮȴӐ ṅשׁ ӣᾼVDRASṳ

ӑҒϤ Ԝד ᾬ о(Chang et al., 2016)Ȳ֪ױӑẃЬ

Ԝד ᾬ о ֥Ȳ֝ ᴩиέ иέ ϩᾼ

ȴ 

(7) Ӑ ṅӒשׁ ὙȲ ֝оḆҒᶙ ᾼ֮ Ȳẓצ иέ ☼Ṇ

ᾼ ϩȴӦὑ ЭᾼVDRASẓ ֮ᶮ έ ϩȲ ӑẃ

ᾼᶾ ѠᾎȲ ϚḔиέ ☼Ṇ ᾼᾬ ἤȳ֮ᶮᵂӣ Ṇ

ȴ 

(8) VDRASὑ ϡ recursive filterᾼᵂӣצ ȲᵀӐ ṅМṳӑṿשׁ

ӣȲЬ ӣ Ὲ ӂ ȴrecursive filterᾼ Ὠ ѩ Ὲ

ӂ ẃ ȲᵀӐ ṅשׁ Ȳ recursive filterϡ

☼  ыᶶȲ Лה ứȴӑẃЬ ϚḔ ᴩrecursive 

filterῈ ӂ П ᾼ ⇔ ȴ 

(9) Ӑ ṅשׁ ҏҫϚ ֮ ֝оѠᾎȲ ὨϷ ӱҏⅎ ֮

֝оѠᾎ ẓצ ֻᾼ ὨȴӑẃЬᶦ ϚḔҟиέẒ Л֝

ᾼ֮ ֝оѠᾎП Ḇֵᾼ ȲẔМȲ ὑⅎ иέ∟ᾼ

ӑⅎ иέᾼ ה П ᾼ Ьӑ ϚḔѩ Ȳצ∕∟

ϚḔиέ ȴ 

(10) VDRASṆ ὑ ֝о ẓצ Ȳᵀ֮ ֝о

ṳӑҒϤ Ȳ ╥Ӧὑ֯֝о֮ ›Б ᾼ

ȲӑẃЬ ϚḔҟиέҒϤ֮ ᾼ֝оѬ ȴ 
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 ῶ 

ῶ1  нлмоדсπуѣ !{/!¢Ӕ… ȴ 

ד2013 6-8ѣ ASCAT Ӕ…  

 U factor V factor 

 0.08 0.13 

М  0.61 0.14 

 -0.07 0.61 

ῶ2  ֮ ֝оѠᾎѩ ȴ 

  ᴞ  ASCAT BARNESѠᾎ 

BG     

RAD     

ASFC     

ASFC_B     

 

ῶ3  ╦֮ ֝о ȴ 

  ᴞ  ASCAT 

w_BG    

w_RAD    

w_SFC    

w_ASFC    
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ῶ4  ֮ ứȴ 

 ‪  ‪  ‪  

w_BG 0 0 0 

w_RAD 0 0 0 

w_SFC 10 10 0 

w_ASFC 1.25 1.25 0 

 

ῶ5  Мѐ⇔￼ Ϥ ῶȴ 

 ECMWF ԛиέ  WRF  ᴞ  VAD 

BG     

RAD     

ASFC     

ASFC_B     

w_BG     

w_RAD     

w_SFC     

w_ASFC     
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ῶ6  Мѐ⇔￼ ȴ 

 MVD RMSE_u RMSE_v 

BG 6.38 4.77 5.26 

w_BG 6.47 5.48 4.83 
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1.1ȳ ⇔ … ȴ Ɫ ᴯ ᾼѬӂ ( ᴯⱢ

еṭ)Ȳ Ɫ ⇔( ᴯⱢеṭ)Ȳ ᴯὑ ӂ ⇔Ȳ ԊṔиᵑⱢ0.5oȳ

1.4oȳ3.4oȳ3.4oȳ4.3oȳ6.0oȳ9.9oȳ14.6oȳ19.5oȴ 

 

 

 

 

 



52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1ȳZ-ή Z-ή … ȴX ҅ῶ֫ᾌȲY ╥ ᴖ ᾼ ֥ѩȲ

מּ иᵑ҅ῶ Ѭ ֥ѩ ​Ѭ ֥ѩȴ 

 

2.2ȳGCIBM Ѡᾎӱ ȴ ҅ῶ֮ᶮῶ ȲϮṔᶮ҅ῶ ☼ה

Ȳ ᶮ҅ῶ֮ᶮ ȴòGòȳòBòếòIòиᵑ҅ῶ ȳ ꜜ Ȳ

Ϯױ ᾼ ₣᾿ὑ֮ᶮῶ ȴẃ ȸTai et al.(2017)ȴ 
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2.3ȳ֮ ֝о М֮ иӁ ȴ 
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3.1ȳ ⇔ ה ӱ ȴ ҅ῶ֮ᶮῶ Ȳᴊ ȳӪ

ȳӪϮṔиᵑ҅ῶ ȳ֮ᶮ ȳ ☼ה ȴ ϮṔ҅ῶ

⇔ȲּמϮṔ⁄ῶӱ ⇔ ᴟ ה ⇔ᾼᴯ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2ȳ ἤв ӱ ȴ Ɫ ה ȳּמ Ɫ֮ ᴯ Ȳὒȳ

ὒиᵑⱢ ҿϯṔ ᾼxȳyѠ֣ ȴẃ ȸ (2016)ȴ 
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3.3ȳᴕ ֮ᶮᾼ ἤв ӱ ȴּמϮṔⱢ ה ȳ ϮṔⱢ֮

ᴯ Ȳ ҅ῶ֮ᶮ ꜜȴ 

 

4.1ȳ2013062312UTC֮ щ ȴẃ :МҶ ᶝȴ 
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4.2ȳERA-Interimԛиέ 6ѣ23ѡ1200 UTC 850ᴍἂщד2013

ȴד ⇔ ȳ ϩᴯ ⇔ ȴ 

 

 

4.3ȳERA-Interimԛиέ 6ѣ23ѡ1200 UTC 500ᴍἂщד2013

ȴד ⇔ ȳ ϩᴯ ⇔ ȴ 

 



57 

 

4.4ȳERA-Interimԛиέ 6ѣ23ѡ1200 UTC 500ᴍἂщד2013

ȴד ⇔ ȳ ϩᴯ ⇔ ȴ 
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(a)1000UTC                             (b)1100UTC 

 

(c)1200UTC                             (d)1300UTC 

 

 

 

 

 

 

 

 

 

 

 

(e)1400UTC                             (f)1500UTC 

 

 

 

 

 

 

 

 

 

 

 

4.5ȳМҶ ᶝ20136דѣ23ѡὧṸ֮ ᴥ оּמҵ ╦ ȴ 
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(a)1000UTC                          (b)1100UTC 

 

 

 

 

 

 

 

 

 

 

 

(a)1000UTC                             (b)1100UTC 

 

 

 

 

 

 

 

 

 

 

 

(e)1400UTC                             (f)1500UTC 

 

 

 

 

 

 

 

 

 

 

 

4.6ȳМҶ ᶝ20136דѣ23ѡү ֮ ᴥ оּמҵ ╦ ȴ 
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4.7ȳ20136דѣ23ѡϝῖȳ Ϝ Є֥֫כᾌ ȴ 
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4.8ȳМҶ ᶝ20136דѣ23ѡ ​ ȴ 
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4.9ȳМҶ ᶝ20136דѣ23 1300 UTCᴞ ȴ 

 

4.10ȳASCAT 20136דѣ23 1300 UTCῶ 10ᴏ ȴ 
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4.11ȳVDRAS domainМҶ ᶝᴞ иӁ ȴ 

 

4.12ȳASCAT Ѡהӱ ȴẃ ȸEUMETSAT ASCAT Product Guideȴ 
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4.13ȳМҶ ᶝ иӁ ȴ 
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4.14ȳ2013ד 6-8ѣԌ ASCATὧḘ ȴҿ Ɫ

ӂᶁȲҢ Ɫ ֣Ṕ⇔ ӂᶁȴ ᴥȳ ᴥ  ᴥמּ Ṽᶧ҅ῶ ȳ

Мц ȴ 

 

4.15ȳ2013ד 6-8ѣԌ ASCATὧḘ ȴ Ϛ

Ɫ ӂᶁȲ ϡ Ɫuи ӂᶁȲ Ϯ Ɫvи ӂᶁȴ 
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5.1ȳVDRASה ȴ 

 

5.2ȳVDRAS ӣᾼ֝о ȴ 
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5.3ȳ ȸRADȷASFC_4ȷASFC_B Ἁ иȴṼᶧⱢMVDȳ

RMSEᾼU V ȴ 

 

5.4ȳ ȸRADȷASFC_4ȷASFC_B ֣ ֫ᾌ ẗ ϯ

ᴍиѩȴ 
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5.5ȳ֮ ֝оѠᾎ иέ ȴ 
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5.6ȳ ȸ(a)RADȷ(b)ASFC_4ȷ(c)ASFC_B (ᴥ Ȳ ᴯάί )ȴ

ה Ϛ 250еѐȲиέ ȴ 
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5.7ȳ֮ ֝оѠᾎ u Ȳ ה Ϛ 250еѐȴ(a)

ȷ(b)ȳ(c)֮ ȷ(d)֝оѠᾎ ȴ 
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5.8ȳ֮ ֝оѠᾎv ȴ ה Ϛ 250еѐȴ(a)

ȷ(b)ȳ(c)֮ ȷ(d)֝ оѠᾎ ȴ 
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5.9ȳ֮ ֝оѠᾎ​Ѭ ֥ѩ ȴ ה Ϛ 250еѐȴ (a)ȳ

(b)֮ ȷ(c)֝ оѠᾎ ȴ 
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5.10ȳ ȸ(a)RADȷ(b)ASFC_4ȷ(c)ASFC_B (ᴥ Ȳ ρπ)ȴ

ה Ϛ 250еѐȲиέ ȴ 
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5.11ȳ ȸ(a)RADȷ(b)ASFC_4ȷ(c)ASFC_B (ᴥ ) ⇔

( )ȴ ה Ϛ 250еѐȲиέ ȴ 
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5.12ȳ ȸ(a)RADȷ(b)ASFC_4ȷ(c)ASFC_B֫ᾌ (ᴥ ) ⇔

( )ȴ ה Ϛ 250еѐȲиέ ȴ 

  


































