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  Ӑׁשṅṿӣ о (polarimetric radar data simulator, PRDS)

ה ҏ כ о ∟Ȳ NCAR Sᾌ◕ о П

о ᴩиέ щ ᾼѩ ȴױҵȲṿӣGoddardȳWSM6ȳ

WDM6ếMorrisonҳ ᾬ оѠ ᴩ ȴ ᴩ ›ȲṿӣWRF-

LETKF ֝оṆ ֝о ֫ᾌ ֣ Ȳѿ ậ Ṿиέ ȴӭᾼ֯ὑ

Ṿ ϩ ∟Ȳᵓӣ о ֯ה ᾬ Ѡ ᾼ

ῶ ȲṳϠ Л֝ ᾬ оѠ ὑ о П ᾭᾓȴ 

  ֝о∟ȲṆ ӂᶁиέ ​ ᾼ ⇔ иᵉế ὨדῺȴ∟

⁄ᵓӣ Ϛḟứἤ Ṇ ӂᶁ ᴩ֝о ᾼ Ȳѿ ԝ

ῶи П ​ Ὠ ֝о∟ Ὠ ṾȴױҵȲᵓӣcontoured frequency 

by altitude diagrams (CFADs) ᴩṆ ӂᶁиέ ḕЊ П ὨȲ֫ᾌ

֯ҳ Ѡ МᾼCFADиӁế ᴿȲẔМד ᾼGoddardếWSM6Ḇ Ὼ

ȴᴖ ч ֯ МȲῶ ṾȲᵀҳ Ѡ Ꞌצ ᴷᾼᾭᾓȴѩ

ᴯד ⁄╥֯ ☼ ᾼ ⇔ ֻȲ ᾭ ᾼḂ ЛЄȴ ה ∟ Ϛ

Њ Ὠ ѩ∟Ȳד ӱЬ ═ ṏֻᾼ₣᾿иӁᾭᾓȲᵀ

Ἦ ᴟ ϮЊ Ȳ₣᾿иӁ ὨБế Єד Ȳ ӑ֝оП Ϛḟứἤ

Пиᵉ ȴׁשṅ Ὠ ӱȲᵓӣ о ῶה ȲҠѿϠ

֯ה ᾬ ᾼ ϩҵȲӼҠϠ ẞ ֝оᾼ ֝о

ὑ о ᾼ ȴױҵȲϷ ӱ֝о о ПӇ Ȳ

ṳҠ ẁ ḆṾᾼῴỞה ȴ 
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Abstract 

    In this research, a polarimetric radar data simulator (PRDS) is used to validate 

analysis results and short-term forecast outputs that have been converted to polarimetric 

radar data by comparing with the NCAR S-Pol dual-pol parameters. The WRF-LETKF 

system is utilized to assimilate radar reflectivity and Doppler wind to obtain the optimal 

analysis. And then the analysis is used as the initial condition of short-term forecasts. In 

addition, four different microphysics parameterization schemes are used in the study. 

After making sure the analysis resembles to true atmospheric state, we try to use 

polarimetric radar data to validate model performance, especially focusing on 

microphysics processes. Additionally, we also can understand the difference among 

microphysics schemes when it comes to simulating polarimetric radar data.  

    The analysis fields quite resemble to the observation. The traditional forecast skill 

scores prove that the short-term forecasts are much better after radar data assimilation. 

By examining contour frequency by altitude diagrams (CFADs), results of reflectivity 

(ὤ) are improved in four schemes. The single moment schemes such as Goddard and 

WSM6 perform better than the other two. The improvements of differential reflectivity 

(ὤ ) are obvious in single moment simulations, but all four schemes are overestimate 

the value. And specific differential phase (ὑ ) distributions are better in convective areas. 

The first-hour forecast agrees with the observation, and the general vertical structure can 

be held well. But after a three-hour forecast, there is no resemblance between observation 

and model. To sum up, we can know that polarimetric radar data can help us validate the 

model and impact on polarimetric data when assimilating transitional radar data. Last, It 

is shown that polarimetric radar data are necessary to be assimilated for providing better 

analysis fields.  
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  ‍ ᶶȲ֯МҶЄ Ḗ гדᾼ ѣ ϯҰ ȴׁ֯שṅἬẒד

ѣМȲ Ԓ ᴔ ѿц ᾿ Ђ ᶺᾼ╓ ȴ ᴔ ї֮וֹצ−╥

ᵫȲṳ С∂ ȲṿᶺḆצѠ֣ᾼᶙכ ѝȴ֯ᴔ ╓ ϯ ẞϠ

−ֵ ῀ Ȳ ֯ ᾬ Ἠ╥ ֝оᾼ ϱꞋצ−Єᾼן ȴױҵȲ ֯

ЂӢ МȲҏ Ғׁש ȲϷ ὑ ᴔ ᾼ ᵗϯȲ ᶺ ṓṓѷ ȲϠ

֢ ṅᾼѠ֣ȴᴖשׁ ᾿ Ђ ὑ PRDSᾼҁ Ȳṿ ᶺ ᵓᾼ

ᶙכ ṅȲḕẞשׁ е⅍ Ȳ ї֮וֹ ᶺȲ ᶺ PRDSᾼ

ᶎȴϷ Ѐ ỗ ☻ Ѝ ЂȲ ᴔ ȲצϠᵃ ᾼ ∂ Ȳṿ

ᶺᾼ ѝ ḆҒᶙ ȲצẔ▐ ȴᴖ ᴔ ὑ о ϱϷ

ẁϠ−ֵᾼ ṓȲӼṿᶺắ ṏֵȴ☻ Ѝ ЂϷ ҏϠ ЛṜП Ȳ Ғ

∟Ȳ ѝ Ḇ ȴ 

ҵȲױ   ⅍ᾼ֢ᴯ  ỠȲ ᴔ ȲϷ ‒ᶪӂ ὑ ᾼ

Ȳṿ ᶺ ֯МЄ Ȳ Ӕ ᾼ ᵂȴ ṅἬ֝ựᾼ֝שׁ

ȲЛю╥Є ᾼֻхȲ ῴϚ ᴕϱׁשṅἬȲ֪Ɫצᵃ Ἤѿ֯

ᴕׁש ϱṳЛỦ ȴ 

    ∟⁄╥ ᶺᾼ Ϣȴ ᾩᾩ ᶺᾼ Ȳ ᵃ ֯ү⁮ȲЛ

֫ҟ ᴴᵃ ȴӂ ᶺᾼӉ Ȳ―╥ᶺׁשṅ› ᾼ ֻ ϩȴϷ Ẓᴯ

֯ᶺЄ Ἠ ᾼ Л ᶺҏҟᾲἨ ᶺ֦ Ȳӂ ᵃ ᾩ Ȳ

֯ᶺϷҠѿ ᶺᾼϚԌϩ Ȳ ᾩ ֻֻᾼṹ ȴϷ ᾼד ᴴ 

Ȳᵅ Фד Ӊ Ȳᶿ═ἒױȲ ᵓᶙכ ȴ 
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Ϛȳ  

1-1 ›ṕ 

  ᴯ ṸЄ Ȳὧ ыӂ◦Ȳ ὑṸ ֮ Ȳ ủֵắᴫ⁮ủ

Ȳҍủ⁄ắὧҖủ ᵬἲȴ ủ צ ȴ ֮ᶮ Ȳѻ

Ѝ ủ֯ױ⁮Җ֣Ȳ֪כ ᵬἲ Ȳ ​ֵ М֯Ὸ ȴѹ ֮ᶮӻ

Фᵂӣ∟Ȳ ὔҒ щ Ṇ ᾼ ⇔ȲἨ╥Ṇ ӢỄ ȴᴖῺדẃȲ ὑ

щ ᾼ ⇔╥ ᾼ Ȳ ᵗ › Ӗ ֻṮ Ȳ ḳ

ҷ ᵅᴟ Њȴ 

  Ӧὑ ᾼ ȳῈ έ⇔Ȳ ᵗ ꜜϠ Ṇ ȲϷ ẁϠ

Ϯ ᾼ ѿц֫ᾌ ȴᴖּדᶾᾼѡ ѣ Ȳ ᾼ ϷḆֵȲ С

ᾼ ϷḆֵаȲẂֽ о Ȳ Ϡ ᾼ֫ᾌ ֣ ҵȲ о

ᵗ ꜜϠ ᾬ Ȳщ Ṇ ӢỄỂ ᾼ ȲἨ

Ҡ Ṯḳ ֥Ȳᴷ Ѭ Ӣᴯ ⇔ȴ 

  Ӧὑ ֮ᶮ Ȳ Ѝ ӴȲ Ϛ ЛṜѿ ԓ ȲМҶ

ᶝ―֯ ֮ Ӵ Ȳ ẁḆֵḆᶙ ᾼϮ ȴῺדẃȲХи

ЍБ ᶙכ о ᾼс Ȳᴖϝῖ Ϸ ᴩḆ МȴױҵȲὑ

Ὥ ȳ М⁮ёᾼCᾌ◕Ṯḳ ​ Б ∂ ᶙכȲѹὑ Ὥȳừ ȳ Ὥ

ᾼṮḳ ​ ϷӔ֯ Мȴ֯ӑẃȲ Л֝ᾌ◕ѹצ ֵаᾼ

Ҡѿ ꜜ ᴩׁשṅἨ╥ṮḳП ӣȴ 

  ꜜ ὑ֝оц Б Ϛứᾼצ ế Ȳᴖ

о ᾼ∂ӴȲ Ϸ ѡ Ȳ ὑ ᾼ ӣ ֝оᶾ ᾼ

ȲϷ╥ӑẃҠ ᾼ ȴ 



2 

1-2 ѝ ֫  

  ᵓӣ ᴩ щ ᾼḂ ᴩПדצȲӼᵛ ֝о(data as-

similation, DA)ᶾ ȴᴖᵓӣ ᴩ ֝оᾼᶾ Ϸד כ ȴ ᴩ

֝оᶾ ѿϯצ ȸ иᾎ(variational method)ȳṆ қ ᾌṆ (ensemble 

karman filter, EnKF)ȳ ֥ᾎ(hybrid scheme)ѿц І ᾌ(partical filters)ȴ иᾎ

ϭиⱢϮ и ֝о(three-dimensional variational, 3DVAR)ҳ и ֝

оṆ (four-dimensional variational, 4DVAR)ȴᴖϮ и ֝оṆ ᵓӣ 

ẞẔ￼ Ȳᵶצᶁ цᶁ֣ἤȲᵀẔ ḥצ ᴖ ᾼ

ἤȲᵛ╥Лᵶ☼ ṼἤȴSun and Crook (1997)∂Ӵᾼҳד и֝оṆ Ȳᵛ

variational Doppler radar analysis system (VDRAS)Ȳᵓӣᴴ ч(adjoint model)ה

иȲѹѿ Мᾼה еהⱢּפḇ ԈȲ ṿױ иέ ế Є ῺȲẓ

☼צ ṼἤȲTד Ɫ  Ȳѹ ᾼ и ᴴ  ȴSnyderה

and Zhang(2003) ᵓӣṆװ қ ᾌṆ ᴩ ֝оᾼ Ṇ

(observing system simulation experimentsȲ OSSEs)Ȳד ὑҳ и

֝оṆ ȲEnKF ֝оṆ ⁄Л ᴩ ᾼᴴ Ȳѿцה ᾼ Њо

ᶧȲѹϷ’צ☼ Ṽἤᾼד ȲᴖEnKF⁄╥ᵓӣ П ᾼ￼ ẦѠ

ᴩ ᾼ ӔȲѿ ẞ ֝оᾼӭᾼȴᴖ Dowell et al.(2004)⁄╥

EnKFɔӣὑ ПϱȲᴖẔ֝о Ὠ ᾼ ᾼ ἤȴ

֯ ȲTsai et al.(2014)∂ӴᾼWRF-LETKFṆ ȲϞ╥ ֥WRF ѿцᶝ֮ה

Ṇ қ ᾌṆ (local ensemble transform kalman filter, LETKF)ȲѿOSSE

Ἦᵌ ȲꞋ ӱ֝о∟ צ Ḃ ứ Ѭ ȴᴖΏ(2015)⁄╥

ӣWRF-LETKFὑ2008דSoWMEX IOP8Ẕ ​ Ȳᴖ ὨӼ╥ Ḃ

ᾼứה ​Ȳѿц ☼​ ᾼ ȴᴖ (2017)⁄╥ WRF-LETKFὑ

☼ѐ⇔ϯ֝о Ȳ Л֝ᾼМѐ⇔ ֝о∟ᾼῴỞ ᴩ Ȳ Ɫᵶ

צ AMV (atmospheric motion vector)ч ╦ ᷉Ṕ(GPSRO, Radio 
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Occulation from Global Position System)ᾼῶ Ṿȴ 

  Ӧὑ о ᾼ∂ӴȲṿ ֵаоȲᴖ Ӣד ֵᾼӣ ȴ Ϡ

ẁ ᾼ ѿц֫ᾌ ҵȲ ϚḔ ẁ ч (differential 

reflectivity, ὤ )ȳѩ ᴯד (specific differential phase, ὑ )ȳד … (co-polar 

correlation coefficient, ” ) о ȴ ҠϠױ Ѭ Іᾼᶮᾭ ȳ

Ѭᵶ ᾼиӁѿцщ П ᵑȴӦὑ Сᾼ ד צ ȲҬ

ẁ֫ᾌ ȴᴖ о ᾼҏ Ȳ о Мᾼ Ȳ―

ᵗ ꜜϠ ᾬ (ֽ ֥Ȳ   ) ạ(ֽ и [size sorting])ȴ

ѹ о ᾼ ӣ Ȳ ӣὑứ Ѭᴷ (quantitative precipitation 

estimation, QPE)ȳѬ Іи (precipitation identified, PID)ȲἨ╥ ᴩ ₇

(quality control, QC)ȴױҵȲKumjiam and Ryzhkov (2008)ҏ о

֯ щ Ṇ ֽ (supercell)МП иӁȴẂֽ ч ▀

(ὤ   column)ȳ ч Ἅ(ὤ   arc)ѿц ᾬ (tornado debris 

signature)ȴᵓӣ о Ȳ Ϡ֯ứ Ѭ ᴷ ᾼ сȲӼ╥ṿӣ

ὑ֯Ṯḳ ғ ȴ 

  о ӼҠ ᴩ ᾼה Ἠ╥ ֝оᾼӣ ȴᵀ Мה

ṳ ᾎ ҏ о Ȳ֪ױῺדẃ ῏ ҏ ѠהȲ―Ҡ ה

ҏ כ о ȴJung et al(2008a) Ԓ ҏ о

(polarimetric radar data simulator, PRDS)ȲҠ ה ҏᾼѬ І ֥ѩ

(mixing ratio)ế І ⇔(total number concentration) еה כ о

ȴ֝ϚדȲPfeifer(2008) ҏsynthesis polarimetric radar (SynPolRad)ȲᵓӣT-

matrixᾎ ᴩ ᾌ֯Є М ᾼ Ȳɲԛ ה כ о ֽ

ч ȳ ѩ(linear depolarization ratio, ὒ )Ȳѿц֫ᾌ Ȳ ѩ

∟Ȳ Ɫ ὑщ Ṇ ᾼ Ѭ Іи П ⇔ṾȲᵀ֯Ԝד Іᾼиᵉ

ṷ ȴRyzhkov et al.(2011) ҏѿ ӣὑspectrum (bin) microphysics schemeᾼ

о Ȳṳ ᴩ Ȳ Ὠ ӱ ὑ о оѠ П
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Ὠ Ѭᾬ ṾȲѹӼ╓ҏ(bulk model)ה П​ (drop size 

distribution, DSD) bulk modelṾȴᵀӭ›Ӧὑ ᾼ‭ Ȳspectrum (bin) 

modelᾼ ᾬ оѠ ы Ȳ ᾼ ה и  ȴᴖ Kumjian et 

al(2019) ҏѿDSDП ᾎ(moment) ᴩ ​ᾼ о ȲѠᾎ

Ɫ ԓ ᾼ​ ȲⱢ 200ᾼ Бẓצ ѹ ю

Л ứἤȲ∂Ӵ о ᾼ …Ȳ Ὠ ӱѿ 6 ế 9

ᾼ ֥ ṾȲѩ bulk modelП 3 0 Ὠ ֻȴֽױ ֵᾼ

―Ҡ о ᾼṿӣ╥ ȴױҵȲ ᾬ Ѡ Ϸ

Ữӑ ᶙԓȲ֪ױЬצ ḔᾼῈ ȴẂֽDawson Ϣ ὑJungᾼPRDSᴩ

ӔȲ Ɫ Ԝ Ṕ⇔ Ԝ ЄЊᴖ Ȳѹѿеהч ҅ҏ ֥ᾼ

ד Ѭ ІПѬᵶ Ȳṿ PRDSḆⱢӔ ȴ о ᾼҏ Ȳ

―Ҡ ϚḔṿӣὑ ה ѿц ֝оȲѹ Ӧ о ȲϷҠѿ

ᵗ ꜜϠ ֢ Л֝ ᾬ оѠ ᾼ ȴẂֽ ֵѝ Ȳֽ Jung et 

al.(2010), Jung et al. (2012), Johnson et al (2016), Putnam et al. (2014) ╓ҏȲӦὑ

ᾬ оѠ Ҭ ֥ѩȲҬ Ḃ ​ ᾼ (slope 

parameter, ɤ)ϯȲế Є ᾼ​ ṷצ Ȳ ֯ ᴩ о

ᾼ Ȳ Ϛứכ ⇔ᾼ Ȳᴖᵓӣ ᾬ о ᴩ Ȳ

ֻᾼ о ​ ȴױҵȲ֯Putnam et al.(2017)

ᾼѝ ╓ҏȲᵓӣ о ᾼ Ȳ ϠϠ П ȲӼҠ ᾬ

оМᾼ ứ ᴩ ȴ֯ ֝оӣ ϱȲJung et al(2008b)ѿOSSE▐

EnKFᴩ о ֝оȲ Ὠ ӱ֝о о ᵗὑצ

сиέ ὨȲᴖTsai et al.(2017)⁄ᵓӣLETKF֝оṆ ὑ

ᴩ о ֝оȲAugros et al.(2018)ɔ ӣ и֝оṆ֝ ᴩ о

֝оȴPutnam et al. (2019)⁄╥֝о2еṭѿϯᾼὤ Ȳ Ҭ֝о ֣ ֫

ᾌᾼиέ ѩϯȲ֝оד о ∟Ȳ Ϡ ☼ ҵȲὤ  arcᾼ

Ӽ Ґ ҏẃȲ ӱ о ὑиέ Ἤᵗצ ȴ ╥ѿ и֝оṆ
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Ἠ╥ѿқ ᾌ ᴩ֝оȲꞋצ Ḃ иέ ​ῶ Ȳ ӱ о

֯֝оӣ ϷצϚ П֮ȴ 

 ṅӭᾼשׁ 1-3

  Ӧὑ о ᾼ∂ӴȲṿ о ẃ Ȳ

ṷ о Ϡ ᵗϠ ᾼ ᾬ ҵѿц сứ ​ᴷ ҵȲϷҠ

ѿӣẃ ᴩ ᾼה Ȳ ᴷ ᾼῶה ȴѿἏ֯ṿӣЛ֝ ᾬ Ѡ Ȳ

​Ἠ֫ᾌиӁ ᴩ ᴷȲᵀ Ӧ о ∟Ȳ―Ҡѿ῀ ֢ ᾬ

оѠ П ᾼ ȴṳѹ ᾼ֮ ᴯ ȲЛ֝щ Ṇ Л֝ᾼצ―

о ȲӐׁשṅМ⁄╥Ԓ ​ Ở њȴױҵȲϷⱢ ∂ӴϚ

о Ȳѿ― ה Ἠ╥∟ ᾼ о ֝оȴӐ

ѝᾼѻ ӭᾼ╥ᵓӣ о (PRDS)ה ҏ ᴟ

о ∟ếNCAR Sᾌ◕ о ѩ Ȳ ה Л֝

ᾬ Ѡ ֯ ᾬ ᾼῶ ⱢᴶȴѹṿӣWRF-LETKF ֝оṆ Ȳ ᴩ

ᾼ֝оȲ Ḃױ Пה ϩ Ȳ ’ ϩ

Ὼȴד Ϡᵓӣ ​ ᴩ ה ҵȲṳᵓӣ ױ ֝о

ὑ о ᾼ Ȳѿц ֝о ὑ ᾼῶ ϩȴ 
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ϡȳ SoWMEX IOP8 ѝ ֫  

ṅשׁ 2-1 Ю  

  Ӑׁשṅ Ӣὑ2008דᾼᴫ⁮ ☼ ​ Ȳ ᴫ⁮ ☼

(Southwest Monsoon Experiment, SoWMEX)ȲּרѠ⁄ Ɫ Terrain-influenced 

Monsoon Rainfall Experiment, TiMREX)ȴ ᴞ20085דѣ15ѡ ỞȲ6ѣ

30ѡ ḇȲѻ ֮ Ɫ ế⁮М ֮ ȴ ᴯὑṸ☺ủ Ȳᴖ֯

​ủ Ȳᴫ⁮ ☼ᾼ ϯȲ ὔצ щ Ṇ ֽМѐ⇔ ☼Ṇ (mesoscale 

convective systems, MCSs)ȲἨ (squall line)Ṇ Ɫ ẃ ​Ȳᴖ כ и

֮ ѬἨ╥ ҷȴ֪ױȲᴫ⁮ ☼ ӭᾼ╥ ϤϠ ​ủ Ȳᴫ⁮

☼П ϩ ϩ Ȳѿц ֮ᶮӻФᵂӣϯᾼ ạȲ ᴖḂ ứ Ѭ

Ȳѿ ẞṮḳ ᾼ Ὠȴ 

  SoWMEX╥ Є₤ᾼ ֥ᵂ Ȳ֪֯ױ ◕ ᾼ Ɫ

ᶙ ȲẂֽNCAR Sᾌ◕ о Ϭ ȳМҶЄ ᾼXᾌ◕ о Ϭ

ה (Taiwan Experimental Atmospheric Mobile Radar, TEAM-R)ȳҒὍ Ὲȳ

​ ȳ​ ȴ (intensive operation period, IOP)╥ᴫ⁮ ☼

Ȳ צ Є​ Ӣ Ȳ― Ở ȲҒὍ Ὲ ȴᴖӐ ѝМᾼ

╥IOP#8ȲϷ ╥ ϥװ Ȳ ᴞ6ѣ14ѡ Ởẞ17ѡ ḇȴ

2-1Ɫ6ѣ14ѡ0000UTCᾼ֮ щ ȲҠѿכẞ ​ ᴞ ᴂҏ Ѐ Ὼ

ᴟМ ᴫע⁮ ȴӦ 2-2֝ 850ᴍἂщ ӱȲϚῖ ᴖ ᾼᴫ

⁮ ☼ᴞ⁮М ᴖẃȲ֯ 2-3МȲ500ᴍἂщ Ȳ ӱ ֯Ϛ ›Ȳ ӱ

ᵓὑṆצ ȴ 2-4ᾼ200ᴍἂщ Ӽ╥ ӱϠ Ὲи☼֯ү  ῺȲ

2-5ᾼὧḘ Ὲ⁄╥╓ҏЄ ₣᾿ ד╥ ᾼȲᴖ щ ӱ

ᵗὑצ щ Ṇ ᾼӢכȴ6ѣ 14ѡ щ…Ӧ ​ ›ᾼ Ṇ Ȳ

үכ ᴫ⁮ ​Ȳ 2-1Ɫ6ѣ14ѡѡ ​ Ȳү ᴫ⁮ иᾘ
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֮ ​ 200ᴏȲד Ϣȴ 

2-2 IOP#8 ד ѝ ֫  

  ᴖװױᴫ⁮ ☼ Ӧὑ ‍ Ȳ֪ױⱢ ꜜ ẃ Ɫׁשṅᾼ

Ȳᴖᴫ⁮ ☼ Пӭᾼ֯ὑḂ ứ ​ Ѭᴷ ȳϠ ֮ᶮ щ

Ṇ ӻФᵂӣȳᴫ⁮ ☼П ϩ ȳᵅ ☼Ӣכ ạȲѿц ֝оП

ᶾ ȴ֪ צױ ֵᾼ ѝ―ѿױⱢҏ Ȳ ὑױ ᴩׁשṅȴẂֽȲΏ(2015)

(2017)ᵓӣWRF-LETKFṆ ֝оᾼ ȲꞋצ Ḃ Ѭ

ᾼῶ ȴױҵȲ (2015)⁄ᵓӣֵ Ϭ ч ȳ ϩ ч Ѭ

ȲḂ WRF ᾼה Ȳ ẞᶶ Ȳѹ ᵅ ᾼӭᾼȴᴖ (2012)⁄

╥ᵓӣҳ и֝оṆ (VDRAS)֝оֵ Ϭ ч ҏ Ṿиέ Ȳ

ṳ ֥WRFȲ Ḃױ ה Ὠȴϱ ẂІꞋ╥Ḃ ứ Ѭ ᾼ ѝȴ

ҵȲױ (2011)⁄╥ṿӣNCAR Sᾌ◕ Ȳ ὑ ᷉ ╓ (refractivity)

ᴩׁשṅȲ Ϡױ Є Ἁ Ѭ иᵉᾭᾓȲᴖѬ ⱢṆ Ӣכ ֪ Ȳ֪ױ

ὑѬ ᾼᵓӣ Ϡ Ϸ╥צᵗ ᾼה ȴ ∟Ȳ (2018)⁄╥ᵓӣ​

о Ȳ ὑᴫ⁮ ☼ ȲЛ֝ П ᾬ ᴩ ȴᴖXu 

et al(2012)⁄╥ ҏױ П ӢỄ MCSᾼ ═ ạȲᵅ ☼іϤ ȳ

ѹЛ ứᾼῈ ếᵐᴃout flowᾼӻФᵂӣϯȲṿ ☼Л ὑ ҵӢ Ȳ כ

​Л ᾼ ȴɲױҵȲTu et al(2014)⁄╥ Ὑ Ỵ☼ ☼ᾼ ֥ᵂӣϯȲ

ṿ ☼Ғ Ȳᶮכ ☼ ֥ ᾼ ȴ 
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Ϯȳ ה ứ ֝о  

ṅשׁ 3-1 ה Ю  

  ӐׁשṅṿӣWRF3.9.1ᾪȲWRFԓ֤ⱢWeather Research and ForecastingȲ…

Ӧּר Є ṅМї(National Center for Atmospheric Research, NCAR) Ἤשׁ ȴ

╥Ϛ Ϯ ȳ‍ ϩ ȲҠӣὑה Ἠԓ Ȳѹה ᾛ ӣὑׁשṅἨ╥ᵂ

ᴯᾼ щ ȴᴖ(numerical weather prediction)ה WRF МҔᵶᶙה

ᾼϮ Ѡ ȳ ϩѠ ȴӼצ ᾬ оȳ ꜜ оȳ оц

 ȳ ᾌ Ȳ Ṝ ה έ⇔ᾼ Ȳṿ Ḇה Ὼ Є Мᾼᾬ ȴ

ҵȲӼҠѿױ ὑֵ щ Ṇ ᴩ ȲἨ╥ ᴩ ֝оȲἨ╥ Ẕ҃ ה

ᴩ ֥ȴ 

  Ӑװ ӣϮ ᾭ ȲѬӂ έ⇔Ɫ 27-9-3еṭȴ ӣ֮

(eta level)Ȳ₣᾿Ѡ֣Ԛ52צȴ ה Ɫ10ᴍἂȴᴖ ֽ 3-1ἬӱȲ

в (D03)ᾼѬӂ Ɫ210ɾ210 ȴἬṿӣᾼᾬ оѠ ֽϯȸ

Rapid Radiative Transfer Model (RRTM)  ᾌ ȳ(Mlawer et al. 1997)ה

Dudhia ᾌ ȳἋѷЄ(Dudhia 1989)ה  (YSU) ᴩ╦ ꜜ оѠ

(Hong and Dudhia, 2006)ȳѿц Grell-Freitas оѠ  (Grell and Devenyi, 

2002)ȴҫҵȲӐ ṿӣϠҳ Л֝ᾼ ᾬ оѠ Ȳиᵑ╥ Goddard 

GCE(Tao et al., 2003)ȳWSM6(Lim and Hong, 2010)ȳWDM6 (Hong and Lim, 2006)

ếMorrison (Morrison and Thompson, 2009)ᾬ оѠ ȴῴỞ Ԉế ꜜ

Ԉ⁄╥ᵓӣNCEP FNL 1⇔*1⇔ᾼ ȴӦὑӐׁשṅᵓӣṆ ֝оȲ⁄╥ᵓ

ӣWRFDA3.9.1ᾪѿCV3Ѡה D01ῴỞ ԈМᾼUȳVȳTȳQvaporᴩ ȴ

ҏṆ כ ∟Ȳԛ Пв ẞD02ếD03Ȳ ᴩ ȴ 
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3-2 ֝оṆ Ю  

  ӐѝМἬṿӣᾼ֝оṆ ╥ Tsai et al.(2014)ד∂ ᾼ WRF-LETKFṆ ȴ

ᴩиέḔ  (analysis step)ȲẔ ї Ἐ╥Hunt et al.(2007)ד ҏᾼᶝ֮ қ

ᾌ Ȳ֯ ᴩ Ḕ (forecast step) Ȳ⁄╥ᵓӣWRF ה ᴩ֝о

ᾼ ȴWRF-LETKF ṿӣֵ ᾼ ֣ Ἠ֫ᾌ МᾼѬӂה

(UȳV)ȳ₣᾿ (W)ȳѿцѬ І ֥ѩ(q)ȳ ϩᴯ (PH)ȳ ⇔(T)Ṽᶧ

ᴩḆ ȲѬ І ֥ѩᾼ ⱢѬ (vapour)ȳ Ԝ(cloud ice)ȳ Ѭ(cloud water)ȳ

​Ѭ(rain)ȳ (snow)ȳ  (grauple) ἨԜ (hail)ȴ ᴩ֝о Ȳ⁄╥ ѿ█Ϛ

ⱢМїȲ ậᶝ֮оҙ вᾼἬצ ȲṼ ֝о ế ה П ᾼӻד

…Ȳẃ ᴩ ה ᾼ ӔȴӐׁשṅ ᵓӣ֫ᾌ ֣ Ȳ ὑUȳVȳWȳ

⇔ȳ ϩᴯ Ѭ І ֥ѩ ᴩ Ӕȴ ╥ ᾬ Ѡ МȲ⁄ ҵ

Ӕ І ⇔ȴᴖЛ֝ ה П ᾼѬӂᶝ֮оҙ (horizontal 

localization raduis)ứϷ Л֝Ȳֽῶצ 3-1Ἤӱȴᴖ₣᾿ᶝ֮оҙ (vertical 

localization radius)ѿц … (inflation factor)ᾼ ứֽTsai et al. (2014)ếΏ(2015)

Мᾼѝ ᾼ֝דȴ ᴩ ֝о Ȳ֯֫ᾌᾼ Ɫ5 dBZ Ȳ ֣ ⁄

╥3ά ίϳȴ 

  WRF-LETKF֝о ֽϯȸ֢ М50Ṇ כ 6ѣ14ѡ0000 UTC

Ở ᴩ10Њ ᾼ  (spin up) ∟Ȳ ᴩХװᾼ ֝оȲḕ15и ᴩϚװ

֝о Ȳ֪1100֯ױUTC ḇ֝оᾼ ȴᴖ֯ ḇ֝оᾼ Ȳ Ṇ כ

ӂᶁȲᵓӣṆ ӂᶁ ᴩХЊ ᾼ ȴҫҵȲḕϚ М ᴩϚ Ϛḟứ

ἤ Ȳ 6ѣ14ѡ0000UTCẞ1600UTCȴҫҵȲ ᴩ ᾬ Ѡ П

Ȳ ᵓӣ֝Ϛ ᾬ оѠ ᴩ ȲӼᵛ ═֝Ϛ М Ϛḟ

ứἤ Ṇ П ứ Ởᴟ ḇ Ꞌ֝דȴᴖӐ ѝ∟ ᾼ

Ϛḟứἤ ếṆ ӂᶁ ᾼѩ ȲϠ ֝о›∟ᾼ о

ѩ Ȳѿц ῶ П (ֽ 3-2)ȴ 
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ҵȲ֯ױ   ᾼ ᾬ Ѡ М(WDM6ȳMorrison)МȲӦὑ֝Ϛ Ѭ І

МצẒ ᾭ ̅ᵛ ֥ѩế І ⇔Ȳ֪֯ױ ᴩ ֝о Ȳᵓӣ

Ẓ ֝оѠ ᴩ ȸϚȳ֯Л ứ І ⇔Ἤ∂Ӵᾼ￼ ẦѠ

Ӕ ᵡᾼᾭᾓϯȲҬḆ Ѭ Іᾼ ֥ѩȴ Ѭ І ֥ѩ∟Ȳ

ᴞᴩה І ⇔ȴϡȳѬ І ֥ѩ І ⇔ Ḇ ȴ

ᴖ֯צḆ І ⇔ᾼ МȲẔѬӂᶝ֮оҙ ⁄ếד ᾼѬ

І ֥ѩ֝דȴ 

  ᴩ ֝о Ȳ ה в ᴟ Ὲ ế ȴ

ᴖӐ М Ԓ ה в ϱ∟Ȳԛᵓӣ ᴟ ȴ

ᴖв ẞ Ὲ ᾼѠᾎ╥ ᾭ  (ֽ UȳVȳWȳ ⇔ȳ ϩȳѬ І

֥ѩȳ І ⇔ )в ẞPPI (plan position indicator) ϱȲᴖв ᾼ ⇔

Ѡה╥Ӧ  ֮ ҙ ₤Ḗ ȲᴖѬӂѠ֣⁄╥в ẞד ᾼ

ϱȴᴖв ᾼѠה╥ᵓӣ ПỂ ϥ Ȳᵓӣ в ᴟ

ᾼᴯ ȴᴖ֯Ӑ МȲ֝оᾼ צ ֣ (radial wind, ὠ ) ֫ᾌ

(reflectivity, ὤ)ȴѿϯ⁄Ю ֣ ᾼ ȸ 

Ɫ⁄3-1ה ֣ ᾼ еהȲ Ϯ כ ֣ ᾼ ȴ 

ὠ όὼ ὺώ ύ ὺ ᾀ ὼ ώ ᾀϳ      (3-1) 

x,yế z̔ ῶᾼ╥֯᾿Ṕᶄ ϯȲ ᴯ Мїᾼὧᴫȳ⁮Җȳ ⇔ϱᾼ

Ȳиӕ⁄╥ Мїᾼ ȴᴖu,vếw҅ῶᾼ╥Ϯ ȴὺ҅ῶᾼ

╥​ ᾼ (terminal velocity)ȴᴖ​ Ҡѿᵓӣ3-2הḖ ȴ 

ὺ υȢτὴ ὴӶϳ Ȣ”ή Ȣ   (3-2) 

3-2МȲὴῶӱ֮ῶᾼה ȲὴӶῶӱ ⇔ϯᾼӂᶁ Ȳ”҅ῶ ᾼῈ

⇔Ȳᴖή⁄╥​Ѭ ֥ѩȴ 

  ᴟὑ ֫ᾌᾼ ⁄╥ᵓӣJung et al(2008)ᾼ ȲᵓӣѬ І

֥ѩ ⇔ ᴩ֫ᾌ ᾼ ȴ֢ ᾬ оѠ ֝о МȲ ϠԒ› ẞ
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ṿӣ֝דᾼ ứҵȲ ֫ᾌП Ϸế Ϛ ȴ֪ױ Ṽ Л

֝ᾼ ᾬ Ѡ Ȳ ᴩ ᾼ Ȳᴖ ᾼ в ὑ Х Ϛ

ᴩЮ ȴ 

3-3 ṿӣ  

  ӐׁשṅМ֝оᾼ ẃ ᴞХ Ȳиᵑ╥МҶ ᶝ(Central Weather 

Bureau)ᾼХиЍ (RCWF)ȳϝῖ (RCCG)ȳ Ϝ (RCKT)Ȳּר NCAR 

Sᾌ◕ (S-POL)ȲѿцМҶЄ Cᾌ◕ (NCU)ȴẔМϮ МҶ ᶝἬ

ᾌ Ꞌ╥ 10еиᾼ Sᾌ◕ ȴ Ԛ 9 ԊṔȲиᵑ╥ 0.5⇔ȳ1.4

⇔ȳ2.4⇔ȳ3.4⇔ȳ4.3⇔ȳ6.0⇔ȳ9.9⇔ȳ14.6⇔ȳ19.5⇔ȴᶙכϚװ

(volumn scan)ᾼ Ɫ7.5и ȴ Ɫ200еṭȲ᷉פּ (nyquist velocity)

Ɫ 21.2 ά ίϳȴѠᴯṔ έ⇔Ɫ 1⇔Ȳḕ ᾌḇ(beam)צ 1500 (gate)ȲῈ

έ⇔Ɫ 250еѐȴNCAR S-POL ╥Ϛ о Ȳὑᴫ⁮ ☼

ẃү ȲⱢϚׁשṅӣᾼ ȲҠ ᴩѬӂ֣PPI Ȳѿц ứѠᴯṔП₣᾿

֣RHI(range hight indicator) ȴPPI Ɫ0.5⇔ȳ1.1⇔ȳ1.8⇔ȳ2.6⇔ȳ

3.6⇔ȳ4.7⇔ȳ6.5⇔ȳ9.1⇔ȳ12.8⇔ȴᶙכϚװ ᾼ Ɫ7.5и ȴ

Ɫ150еṭȴ᷉פּ Ɫ26.9 ά ίϳȴѠᴯṔ έ⇔Ɫ0.75⇔Ȳḕ ᾌḇ

996צ ȲῈ έ⇔Ɫ150еѐȴ ᾌ Ɫ10.7еиȴS-POL Ϡ

ᾼ ֣ ȳ֫ᾌҵȲҫצ о ֽ ч ȳדᴯ (Differential 

Phase,   )ȳѩ ᴯד ȳד … ȳ ѩ ȴᴖӐׁשṅ ᵓӣS-

POL ẞП о Ɫ ᴕȲ ᴩЛ֝ ᾬ Ѡ ֝о Ȳ

о (PRDS) ה ҏ ᴟ о ∟Ȳ ᴩѩ ȴ ∟╥М

ҶЄ Cᾌ◕ Ȳᾌ Ɫ5.3еиȴ Ԛ11צԊṔȲиᵑ╥0.5⇔ȳ1

⇔ȳ1.5⇔ȳ2⇔ȳ3⇔ȳ4⇔ȳ5⇔ȳ7⇔ȳ9⇔ȳ12⇔ 15⇔ȲᶙכϚװ

9.5иפּ ȴ᷉ Ɫ5.3 ά ίϳȴ 

  Ꞌ ₇ И ṿӣȲᵡ⁄֝о ᾼ ṿ ה
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ҏ ȴӐ ѝМȲᵓӣМҶЄ ⅍Ἤ ᾼ

̅Rakit ᴩ₇ ȴМҶ ᶝἬ ꞋⱢ Ϭ Ȳ צ ֣ ế֫ᾌ

ȴ ԒԒҟ ֮ᶮ  ∟Ȳԛᵓӣ֫ᾌЄὑ 30dBZȳ Њὑ 2ά ίϳ ẃ

ᴩ֮ᶮ ᾌ(ground clutter)ȴױҵȲϝῖ Ϝ ᾼ ֣ צ ᷉

ᾼ ᶮ ӢȲ֪ ױ ᴩ ҟ᷉ ȴS-POL ếNCU ╥ о Ȳ

”Ҡӣױ֪ ᴩ‍щ ȲᵀẒ ᾼᾌ◕Л֝ȲṿӣЛ֝ᾼ”

  ᴩ ȲẔ иᵑ╥0.85ế0.92Ȳ ԛ ᴩ ҟ᷉ ȴ 

  ₇ ∟ȲӦὑ ᾼ έ⇔ Ȳ ֵȴⱢϠ ע

֝о ᾼ Ȳ ᴩ о(data thinning)Ἠ о

(superobservation)ȲӐѝМ ṿӣ∟῏ȴ оᾼᵂᾎ╥Ṽ ᾼ ҏ

и Ȳᴖ ҟ Ẕ҃Є и Ȳױᾎ Ҡѿ’ ֵᾼ ☼ѐ⇔ ἤȲᵀ╚

ᾼѠה ṿ Єȴ оᾼᵂᾎֽϯȸԒ ậ ứѠᴯ

Ṕвᾼ ֣ (ᾘ beam)Ȳ ֯ ֣ ╚ ứ вᾼ ȴ ѿ

ⱢМїȲ ᴩ и ȳ ҏ҅ῶ ᾼ ȲᵀЬ ᾃ

ӂᶁ∟Ȳ ṿ ⇔ӂ ȲӑӇ ’ Ṇ ἤȴ֯ӐׁשṅМȲѿḕ5⇔Ѡ

ᴯṔȳ5еṭᾼ вȲ ҏϚ ȴ 3-3⁄╥ϝῖ 1.4⇔

QC∟ᾼ иᵉȲ 3-4⁄╥ϝῖ П ֯1.4⇔ԊṔϱᾼ

иᵉȴ о∟Ȳ Ὑ юϠȲѹЬ’צ ☼ ȴ 
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ҳȳ ᾬ Ѡ Ю 

ה   έ⇔ᾼ сȲ ᾬ Ѡ  (bulk microphysics scheme, ѿϯ

BMS) ᾼ ἤϷ ὑ ȴ ᾬ ​Ȳ ц ᾼן

ќȳm ᴃ ⇔ ȴѿϯ⁄ Ю Э ṿӣᾼ ᾬ оѠ ᾼѻ в ȴ ԒȲ

Ѭ ІиⱢ ȲẂֽȸѬ ȳ Ѭȳ Ԝȳ​ȳ ѿцԜ Ἠ ȴ

ḕ Ѭ ІꞋצ ὑẔӐṝᾼ иӁ Ȳᴖ ╥ѿ╓ ẗ Ἠה₤ gamma

ẗ ᶮהῶӱȴ 

.$ ὔÅ        (4-1) 

.$ ὔὈÅ   (4-2) 

╓╥4-1ῶӱᾼה ẗ ᾼה₤ иӁ Ȳᴖה 4-2̔ ῶᾼ╥ gammaẗ

ᶮהᾼ иӁ ȴᴖ֯4-1ה 4-2МȲ֢ה ᾼᵶ иᵑⱢȸὔ╥

(intercept parameter)ȳ‗╥ (slope parameter)ȳ‘╥ᶮᾭ (shape parameter)ȴ

ᴖ4-2הМȲ ‘Ɫ Ȳױ ṿ​ еכהⱢ4-1הᾼᶮהȴᴖ Э

ꜜМȲ ṿӣᾼ ᾬ оѠ ֵиⱢ (single moment, SM)Ȳ ֵ

(multi moment, MM) ᾬ оѠ ȲẔМ (double moment, DM) ᾬ

Ѡ Ɫ ṓȴᴖ֯ ᾬ оѠ МȲ Ѭ Іᾼ ֥ѩ(֯ ה

М ѿ qῶӱȲ ᴯ╥ὯὫὯὫϳ ) ᴩ ṳѹ ứⱢϚ Ȳѹᶮᾭ

ֵ ứⱢ Ȳ֪ױ ϚḂ ᾼ ᵛ╥ ȴᴖ ֯​ МȲ

Ḃ МᴟЄ ​ ᾼ ֵ ȴ Є ȲМȳЄ​ ᾼ юȲчПȲ

Њ ȲМȳЄ​ ֢ ⁄ ֵȲᵀӦὑ ỆứȲ ṿ Њ І

ᾼ ֵȴᴖ֯ ᾬ оѠ МȲ Ѭ Іᾼ ֥ѩѿц

І ⇔(ὔ, ᴯ ȸΠάϳ )ȴֽױϚẃȲ ế Ἤצ оȲ

ṿ иӁ Ḇ Ὼὑ ​ᾼ ᾓȴ 

  ᴖ֯ ᾬ МȲиⱢ ​ếᵐ​ ȴ֯Л֝ ᾬ оѠ Ȳ
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Ẕᵂ῏Ṽ Ἠ ϱПד Ȳ ᾬ ᾼ ứϷצἬЛ֝ȴ֪ױȲ֯

֝ ▐ ϯᾼ ᾬ Ѡ МȲẂֽ֝ ╥ ᾬ оѠ Ȳ֯Ѭ І

Л֝ᾼ ứϯȲ―Ҡ ṿ ה Ὠ Ӣ Л֝ᾼ ȴ 

  ֯ ᾬ оѠ МȲ ὑѬ Іᾼи ӼצἬ ȴẂֽKessler (1969)

Ѭ Іи Ҭ иⱢѬḦȳ Ѭȳ​ȴ֯WSM3Ѡ Ȳᴕ ẞ ⇔ếד

∟Ȳ֯ ѫ ⇔ѿϱ⁄ Ѭ І ứⱢ Ѭế​ȳ ѫ ⇔ѿϯ⁄╥ Ԝế Ȳ

ѿцѬḦȴᴖHong et al(2004) WSM5Ѡ Ȳ ϚḔ⁄╥иҏѬḦȳ Ѭȳ

Ԝȳ​Ѭȳ ȲԚХ Ѭ ІȴӦὑМЊѐ⇔щ ᾼ₣᾿ ⇔ ȲṜ

ᾼϱс ☼ ═Њ ᾼѬ І֯ῈМȲԛҒϱ  (rimming)Ȳṿ

Ѭ І֯щ Ṇ М ӢȴⱢϠ ᾓȲἬѿҒϤϠԜ Ἠ

Ѭ Іȴᴖ Эֵ ᾬ оѠ МȲ֯Ԝד Іᾼ иֵⱢ Ԝȳ ȳԜ

Ἠ Ϯ Ȳᴖ╥ṿӣ῏Ṽ ȲҠᴞӦ М╥ᵡה ᵓӣԜ Ѭ

І ᴩщ ȲẂֽ LinѠ (Lin et al(1987))ȳMorrisonѠ (Morrison and 

Thompson(2009))ȴᴖMilbrandt and Yau Ѡ (Milbrandt and Yau(2005))ῺדẃȲ

Ԝ ế и Ȳ֪֯ױԜד ІԚצҳ и ᾼ ᾬ оѠ ȴᴖ

ᾼ ἘֽMorrison and Milbrandt(2015)ҏᾼP3Ѡ Ȳ⁄ Ԝד ІᵂⱢ֝Ϛи

Ȳ ҏ Ẕ ⇔ᾼ ᾬ оѠ ȴ Ϸ╥֪ⱢԜד ᾼЛ ứ

ἤȲṿ ᾬ оѠ ЬЛ ֯Ḇ ȴ 

  Ӧὑ ᾬ оѠ ֵ І ⇔Ȳ֪֯ױ ה

МȲ ѩ ᾬ оѠ Ḇ ȴῺדẃȲ

⇔ᾼ сȲ ᾬ оѠ Ở ᵓӣ֯ צМȴה ֵ ѝ

ὑ ᾬ оѠ ᾼ Ȳ Ệứ ᾼ ứ ṿ Ὠ Л

֥ ȴ֯Dawson et al.(2010)דᾼѝ МȲѿּר ֮ (supercell)

ᴩ Ȳṿӣ ế оѠ ᴩ ȴᴖ ד ᴯ Ȳѿц

ᵐᴃ(cold pool)⇔∟Ȳ ᾬ Ѡ ᾼᵐᴃצ ᾼ ᶮȴ֪ױ

Ϟ╥֯ ᾬ оѠ МȲỆứ ṿ Њ​ І ֵȲᴖפ
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Є Ѭ ȴ֪֯ױ ​ МȲЊ​ ᾼṣ ṿ ṣ Ȳ

֯ױ֪ Ὼ֮ Ӣ ᾼᵐᴃȲᴖᵓӣ ᾬ Ѡ ᾼ ⁄ẓצ ֻ

ᾼ ȴױҵȲὑ1-2 ȲӼדצ ֵᾼѝ ╓ҏȲ ᾬ о

Ѡ ὑ о ᾼ ⇔ ᵅȲ╥Ӧὑ Ѡ М ᾎ

Ȳѹ и П ЛὙ Ἤ  ȴכ
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Хȳ о  

5-1 ἘЮ  

ױ   Ἐ╥ӦJung et al(2008)דἬ ҏȲẔ ᾼғӣ╥֯ὑ ᾼה ҏ

Ȳ כ о ȴᴖ ЄᾼẒ ӣ ╥ ה ế Ɫ ֝о

Мᾼ ȴѿϯ⁄ PRDSᴩЮ ȸ 

  ​Ѭȳ ȳ ᾼч ᾌ ᾼ ϩצἬЛ֝Ȳṿ ч ᾼ֫ᾌ ⇔ϷצἬ

ȲѹӦὑ ІᾼᶮᾭЛ֝Ϸ ᾿₣כ Ѭӂᾼч ϷצἬ ȴᵓӣ T-

matrix methodȲч ҏ ᾌ֯Є М ᾼᾭᾓȴᴖᵓӣT-matrixч ᾌᾼ

￼֣ Ȳ⁄ Ѭ Іᾼ ѩ ȲẂֽ​Ѭᾼ ѩ -5הֽ…

1Ἤӱȴױҵ ֮ ⇔ ѿц ᾌ ᾼ ȲИ ч ҏ ᾌᾼ

Ѭӂѿц₣᾿ᾼ￼֣ ȴ֯ױṿӣ10.7еиᾼSᾌ◕ Ȳѿц10Ј#ᴩ

ȴ 

Ò ρȢπρτψςȢπτφυzρπὈ ςȢππτψzρπὈ σȢπωυzρπὈ 

ρȢτυσzρπὈ           (5-1) 

  ᴖ Ӽצ ὑ҃ ᾼ ѩ …Ȳ֪ױӼҠѿч ҏẔ￼֣ ȴᴖ∟

―ᵓȲ ￼֣ Ϛכ֥ ẗװ ᾼᶮהȴֽ5-2ה 5-3Ἤӱȴ 

ȿὪȿ ‌ Ὀ  όὲὭὸḊάά           (5-2) 

ȿὪȿ ‌ Ὀ  όὲὭὸḊάά           (5-3) 

  ᴖ Ὢ ῶӱѬӂѠ֣ᾼ￼֣ ȲὪ ῶӱ₣᾿Ѡ֣ᾼ￼֣ ȴD⁄

Ѭ Іᾼ᾿ ЄЊȴ‌  ế ‍ ⁄╥ ֥∟ᾼ… Ȳῶ5-1МԝҏЛ֝ПѬ

Іᾼ￼֣ … ȴ Ӧ 5-2ȳ5-3ẒהҠѿϠ ẞȲ ᾼ ⇔ếᾬ

Іᾼ᾿ ЄЊצ Ȳ І᾿ Єᾼ ᾓϯȲ ẞᾼчן ֫ẃᾼ ᾌ

ȴ 
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ҵȲӼᴕױ   ϠԜדᾼ ц ֯ ϯ צ Ἠ Ȳṿ ІᾼѬӂ

֣᾿ Ἤצ Ȳ чכ ᾼ ᾌ ⇔ ȴ‰ῶӱᾼ╥ӂᶁ Ṕ⇔Ȳᴖ

Ψ⁄╥ӂᶁ Ṕᾼ ȴᴖЛ֝ Іᾼӂᶁ Ṕ ᾼ ứϷЛ֝(ῶ5-2)ȴ

ᾃ ֯ Ԝ ᾼ иȲẔ Ṕ Ԝ ᾼ ֥ѩצἬ ȴ∟ ⁄

Ṽ 5-4ᴟ5-6ה ᴩ Ṕ Ȳ ᴩѿϯ… ᾼ ȴ֯ ֫ᾌḔ Ȳ

ᵓӣѿϯϮ ȴ 

! σ τÃÏÓςה Åz ÃÏÓτה Åz           (5-4) 

" σ τÃÏÓςה Åz ÃÏÓτה Åz           (5-5) 

# ρ τÃÏÓτה Åz                         (5-6) 

  PRDSӼᴕ Ϡὑ о  ῺȲ֪ ⱢԜד Іᾼד Ȳṿ ԜѬԚ׀ȴ

ѹԜד І֯ о ȲӦῶ Ở оȲṿ Ϛ Ѭ ֯Ԝד Іᾼῶ ȲӦὑ

ԜȳѬ ὑ ᾌч ϩᾼЛ֝Ȳ ὑ оМᾼԜד ІᴖṕȲ Ɫ᾿

ЄᾼѬ ІȲṿ ֫ᾌ ЄȲҏ ֯ МȲ о ϱϯ ὔҏ

ᾼ‐ (bright band)ȴ ὑԚ׀ Іᾼ Ѡᾎ╥ ה ҏᾼ​ѬȳԜ /

ѿц Ȳ ᴩ ∟Ȳ ҵᴕ Ẓ ІƄ (rain-snow)ȳ (rain-hail/rain-

grauple)ȴᴖẔ ᾎֽϯȸ 

  ֢ ᾬ Ѡ МԜד Іᾼи ֵ Ȳ Є ѩẂ(Ὂ )ȲϷצἬ

Л֝ȴ ᾬ Ѡ МȲҬצ и ȲṪ ὑ ᾼὊ ứⱢ0.5Ȳ ⁄

╥0.4()Ἠ╥ 0.3(Ԝ )ȴ ֯█Ϛ Ȳ֝ ​Ѭ(rain)ếצ (snow)Ȳ

⁄ ᵓӣה 5-7Ȳ ҏ ѩẂȴ ​Ѭế ᾼ ֥ѩПếȲ ϱ ѩẂ∟Ȳ

ᵛҠ ҏ ᾼ ֥ѩ Ȳֽה 5-8ȴױҵȲ ד Іᾼ ⇔ ѠהⱢה 5-9

ἬӱȴѹⱢϠ ӂ Ȳ Ӑᾼ​Ѭ ᾼ ֥ѩ ᴩ ȴᴖ֯ ᾬ

оѠ МȲֵϠ І ⇔ Ȳᴖ ᾼ ⁄╥ѿה 5-10

ẃ ȴế ֥ѩ Ѡה Л֝ᾼ ֪╥ȲӦὑ ῧ֯ о Ȳ╥ѿԜד І

Ɫѻ ȲᴖѬ⁄╥  ὑԜד Іᾼῶ ȴ֪֯ױ ד І דᾼԜצ



18 

І ϱ ѩẂḖ ȴ 

& Ὂ ÍÉÎ ή ήϳ ȟή ήϳ Ȣ                 (5-7) 

ή Ὂᶻή ή                              (5-8) 

” ”Ὢ ” ρ Ὢ                         (5-9) 

ὔȟ Ὂᶻὔȟ                             (5-10) 

 

  Ȳ Х Ѭ Іȸ​Ѭ(rain)ȳ (snow)ȳ (grauple/hail)ȳ (rain-snow)ȳ

(rain-hail/rain-grauple)ȲṼ 5-16ה5-11ᴟה ᴩ ֫ᾌц о ᾼ

ȲẔМ5-11הᴟ5-13Ɫ​Ѭᾼ еהȲᴖ5-14הᴟ5-16הⱢ ᾼ

еהȲהМҔᵶϠ І ᾼ ȴʇ ̔ ῶ ᾌ ȳ+  ̔ ῶᾼ╥Ѭᾼ

Ю ȳɤ ῶӱᾼ╥​ еהМᾼ ȳ. ⁄╥ ȴ ∟Ȳԛ

֢ Іᾼ Ғ ц ∟ȲᵛҠ ẞ ᾼ 5-20ȴה5-17ᴟה

Ἤṿӣᾼ ᾬ оѠ Л֝Ȳɤế.ᾼḖᾎϷЛ֝דȴ֯ ᾼ ᾬ

оѠ МȲҬ Ѭ Іᾼ ֥ѩ(q)Ȳѹ.╥Ɫứ Ȳ֪ױҬ ה 5-21

МȲчḖɤv Ҡȴ ṿӣ ᾬ оѠ Ȳ ה Ѭ Іᾼ ֥ѩ

(q)Ȳế І ⇔(.)ȴ֪ױ ה 5-22 ה 5-23ẃ ᴩ ȴẔМ‘ῶ

ӱ​ еהМᾼᶮᾭ Ȳֵ ᾼ ᾬ оѠ МȲ ứױ Ɫ ȴ 

ὤȟ  
Ώ ῲς‍ ρ άάά   (5-11) 

ὤȟ  
Ώ ῲς‍ ρ άάά  (5-12) 

ὑ ȟ ‌ ὔ Ώ  ῲ‍ ρ ( Ј Ὧά  ) (5-13) 

ὤȟ  
Ώ ὃ‌ ὄ‌ ςὅ‌ ‌   (5-14) 

ὤȟ  
Ώ ὄ‌ ὃ ‌ ςὅ‌ ‌  (5-15) 

ὑ ȟ ‌ ὔ Ώ  ῲτ (5-16) 

ὤ ρπÌÏÇὤȟ ὤȟ ὤȟ ὤȟ ὤȟ   (5-17) 
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ὤ ρπÌÏÇὤȟ ὤȟ ὤȟ ὤȟ ὤȟ     (5-18) 

ὤ ρπÌÏÇ  ρπÌÏÇ ȟ ȟ ȟ ȟ ȟ

ȟ ȟ ȟ ȟ ȟ
  (5-19) 

ὑ ὑ ȟ ὑ ȟ ὑ ȟ ὑ ȟ ὑ ȟ   (5-20) 

ɤ  (5-21) 

ɤ  (5-22) 

ὔ ὔ ɤz Ⱦῲ‘ ρ (5-23) 

  Dawson et al(2014)⁄ PRDSᾼ Ԝ ҏϠ ȴѝ М ẞȲ ЄᾼԜ

І Л ὔ оȲᴖӐѝМȲṼ Ẕ ѝП Ȳᵓӣ ה ҏᾼ ֥ѩ

І ⇔ȲҠѿ ҏԜ ᾼӂᶁ І᾿ ȲҬ ӂᶁ І᾿ Њὑ2 ᴏȲ

ᵛᴕ Ẕ оП ȴ 

5-2 ⇔  

  ӐЊ ὑPRDSᴩ ⇔ ȲӦὑJungᾼ МȲᴕ ẞ о

ד Ḃ МᾼѬ ІȲ֪ױ ḟứ ֵюѩẂᾼ Ệ Ѭ І

ᴟ ד Іᾼ ╥Ϛ ᾼ Ȳ ẞ ֝о ה ᾼ

ῶ ȴ 

  5-1╥ Є ѩẂП Ȳѿcontoured frequency by altitude diagram (CFAD)

ᴩ ȴ 5-1 5-2ⱢӐѝ Ȳ Ϛḟứἤ ᾼ MorrisonѠ ֯

1200UTCᾼ ὨȲᴖӐЊ Ҭ PRDSᾼ ⇔ Ȳ―ԉ Ϛ

ᾼ ᴩ ѩ ȴ 5-1(a)╥ӑᴕ ד Ѭ ІП ὨȲᴖҠѿכ

ẞ иӁ‍ ѹӂ Ȳᵀ ᾎи ᴶ ╥ о Ȳ ѿᵒ Ẕ ⇔ȴ(b)⁄╥

ṿӣ PRDSП ȲҠѿכẞẔ иӁ−Ὑ ᾼ֣ҵּטҏȲ ӢϚ Л

ᾼ‐ Ȳᴖױ Ὠ Ἇᾼ ὨȲ ṷ Лᴞ ȴᴖ(c)⁄╥ Є

ѩẂ ҙ∟ᾼ ὨȲҠѿ Є ѩẂ ҙ∟ ὑЛ ᾼḂ ḥצ−

Ὑ ᾼᵗ Ȳ֯ о П֫ᾌ Ὑצ Ғ ᾼᾭ ȴ֯ Є ѩẂᾼ
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МȲ ϠҫϚ Лכ Ὑ ᾼ ֪Ȳ֯5-1 ẞȲ ᾼ

І ╥Ҡ ᾼכ ֪ȴ 

  ᴖ ∟Ȳ Ɫ╥֯ о ȲӦὑ МֵϚ

ὔȲṿ ѩẂ Ϸ ᴕ ὔᾼ ȴᵀױ ӢϚ Ȳᵛ

╥ ҏ ᵅᾼὔȲ ∟ᾼ֫ᾌыЄȴ֝ (q)ϯȲ І (ὔ )

юȲ ᴿ ꜜМѬ І᾿ ЄᾼᾭᾓȲ ṿ֫ᾌ Ὠ ЄȲᴖчПӼ ȴ

֯ױ֪ ὑ ∟ὔ Ȳ ᴩ Ȳ Л ֥ ᾼ І Ȳᵛ ∟ᾼ

ὔ Ȳ ᵅὑ  Ȳ Л ᴩ ד Іᾼᴕ ȴ 5-2МȲ╥ ὑὔ ᴩ

∟ᾼ ⇔ ὨȲ(a-c)⁄╥ ὔ ᴩЛ֝  ᾼ ӔȴҠѿ Ȳ

ᵅὔ∟Ȳ‐ ֫ᾌЛ ᾼᾭᾓצὙ ᾼḂ Ȳ ϷЛṪ ϠȲ

ᴖӐѝ∟ ṿӣὔ=100Πάϳ ᴩ ѩה ᾼ ứȴ 
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гȳ Ѡה 

6-1 ​ и  

  ӐѝМ ᴩЛ֝ оѠ ᾼ ѠהϞ╥ ӣМҶ ᶝᴞ ếᶝ

ᾼḕЊ ​ ᴩ ​ ᾼ Ȳ ᷄ҳ Ὼ█

ᾼ ᴩӂᶁȲᵛ҅ῶ ֯ה ᾼ ​ ȴ 6-1ῶӱ ᶝ Ϣ

ếᶝ ПиӁȴᴖשׁױṅ Мׁשṅ S-POL вП ᴩ

ȴṿӣᾼи еӔצ ԑ и (Equitable Threat Score, ETS)ȳ ԑ и (Threat 

Score, TS)ȳ и (Bias)ȳ (False Alarm Rate, FAR)ȳҠ (Possibility 

Of Detection, POD)ȴῶ6-1Ɫԝ ῶ(contingency table)Ȳ ה ╥ᵡצ

ẞ  ᾼ ӭѿ ​ᾼӔ ἤȳ ⇔ế ғכ ȴѿϯ⁄╥ῶ

в҅ῶᾼ ȴỄМ(hit, H)̔ ῶ ה Ꞌ   ᾼ ȴ (false 

Alarm, F)⁄╥ ה   Ȳ ḥ   ᾼ ᶮȴҷ (miss, M)̔ ῶᾼ╥

  Ȳᵀ ḥ   ᾼ ᾓȴӔ ᵑ(correct negative /correct rejection)

⁄╥ ế ḥצ   ᾼ ȴᴖ(ה 6-1)ẞ(ה 6-5)⁄╥ TSȳETSȳBiasȳ

PODȳFARᾼứ ȴ 

43           (6-1) 

%43         (6-2) 

"ÉÁÓ           (6-3) 

0/$           (6-4) 

&!2           (6-5) 

  ẔМ(6-2ה)МᾼR҅ῶ Ȳ Ѡ6-6הֽה 
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2
ᶻ

 
          (6-6) 

ԑ и(TS)Ҡ ה ѬᾼӔ ȲẔ Юὑ0ẞ1П ȴTS Ὼ

1Ȳ ᾼה ȴᴖеӔ ԑ и(ETS)⁄ῶӱ ∟Ȳ Ḇⅎ

Ѭ ȴETSЮὑ ρσϳᴟ 1П Ȳ Єῶה ה ȴ

и(Bias)⁄ῶӱ ה ὑ ​╥ᵡ ⇔ ᾼ╓ ȴẔ Ҡ 0ẞ ЄȲ

Ẕ Єὑ1⁄ῶӱ ה ᴷ ​ȲчПȲẔ Њὑ1⁄╥ᵅᴷ ​ȴѹBiasи

Ҭ Ϡ ה ὑ ​ ᴷἨᵅᴷȲ ᾎ ῀ ​иӁᾭᾓȴ (FAR)⁄

ῶӱ ה ​ Ȳ ᾼ ȲẔ Юὑ 0ᴟ 1П Ȳᴖ Ὼ 0ῶӱ

ᾼᾭᾓ юȴҠ (POD)⁄ῶӱ ​ṶԈ Ἤה Ӕ ᾼ

ȲẔ Юὑ0ẞ1П Ȳ Ὼ1⁄҅ῶ ῶה ֻȴᴖⱢϠ֝ TSȳ

BiasȳFARȳPODҳ и ȳѹϷ ᵍи ᵅ ῶה ֻ ᾼ ᶮȲ ᵓ

ӣ Robber(2009)Ἤ ҏᾼἤ (Performance diagram)ᴩи ᾼ оȲ

Ẃֽ 7-4Ἤӱȴᴖ ῶӱᾼ╥ ғכ (Success Ratio)ứ  Ἤӱ(6-7)הֽ⁄

32 ρ &!2           (6-7) 

ῶӱᾼ╥PODȲ М᾿ ҅ῶBiasȲפ ⁄╥TSȴ Ὼ 7-4ᾼҢϱṔȲ

ῶӱи ֻȲ ῶה ṾȴѿBiasⱢ1П й ȲҢҙ ῶӱ ᵅᴷȲה

ҿҙ ⁄╥ ה Ӣ ᴷᾼ ᶮȴ 

6-2Ѡᶁ (root mean square error) 

  ӐѝМᵓӣ WRF-LETKF ֝оᶾ Ȳ֝о ȲⱢϠ ’ḕϚ

֝о ḇ∟Ȳиέ Ḇ Ὼὑ Ȳ֪ױᵓӣѠᶁ ᴩ ȴᴖ

ᾼѠה╥ ếה о ᴩѩ Ȳ Ἤצ Ȳ ҏ֯ ה

Мד ᴯ ȲѿцẔ ה ֯ ϱП ȴ ∟ԛѿ(6-8)ה ᴩ ᾼ

Ѡᶁ П ȴ 

2-3%
В

        (6-8) 
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6-3 CFAD (Contoured Frequency by Altitude Diagram) 

ױ   ἘӦYuter and House (1994) ҏȲѻ ӣ ╥Ҡѿӣẃ █ ᾼ

₣᾿Л֝ ⇔ᾼиӁ ᶮȴᴖẔᵂᾎֽϯȲ Ԓ╥ █Ϛᾼ ⇔ᾼ Ȳиכ

Њ ȴẂֽѿ ֫ᾌ 0ᴟ5 dBZȳ5ᴟ10 dBZȳȼȳ60ᴟ65 dBZȲиⱢ

Ȳ ᴩ и ȴи ᶙכ∟ ҏḕϚ Њ ᾼ Ȳ ṷ

ֻᾼ ѿ ӭȲ ∟ԛ ϱ100%Ȳ Ҡѿ῀ ᵑ֯█

⇔ϱᾼҏ ȴ ⁄╥ Л֝ ⇔ ᴩϱ Ѡה ȲᵛҠ ֢ П ֯

⇔ϱиӁᾼ ȴ֪ױȲ ѿ x Ɫ ᵑȲy Ɫ ⇔ᵂ Ȳ Ҡѿ ҏϚ

CFADȴᴖᴥ ᾼ и⁄ῶӱ█Ϛ ֯█ ⇔ϱȲҏ ᾼ ȴѿ 7-8Ɫ

ẂȲX Ѡ֣ῶӱ ֫ᾌ Ȳḕ1dBZⱢϚ ȲY ⁄╥ ⇔ Ȳ 1еṭ

Ởẞ15еṭȲ0.25еṭϚ ȴᴖ֯1еṭᴟ3еṭ ᾼ Ȳ֪Ɫ

ԊṔ ᾼ …Ȳᵅ ᾼ֮Ѡ╥ Лẞᾼȴᴖ МἉה ᾼ и

Ꞌ Ϡ S-POL Лẞᾼ Ȳѿ ’ḕϚ М ה ᾼ ӭꞋ

 ȴ֝ד

  Min et al.(2015)М ᵑ֯CFADМ ӱҏϠ ᴟ25%ȳ50%ȳ75%ᾼ ȴ

Ἐếҳиᴯ ד ᴿȴϷ ╥ Ȳ25%̔ ῶ Ϛҳиᴯ Ȳ50% ⁄╥

ϡҳиᴯ Ἠ╥Мᴯ Ȳ75%⁄╥ Ϯҳиᴯ ȴֽ 7-8МӦҿẞҢᾼ 

ȳ ц ȴ ҠѿϠױ ẞ ᾼ֯█Ϛ ᾼ ⇔ȴᴖ∟

ᵓӣҳиᴯ ᾼиӁᾭᾓѿцМᴯ ᾼѩ Ȳ ѩױ ה ᾼ ȴ 

ҵȲὑױ   ᴩ CFADѩ Ȳ ☼ ế ᾭ ᾼ Ȳ ᵑ ☼ ế

ᾭ ᾼ Ԉ ᴕ (2018)Мᾼᵒ ᾎȴᵀӐׁשṅ оẔ ϡȳϮḔ ȲҬ ậ3е

ṭ Ȳ֫ᾌ Юὑ10dBZᴟ30dBZⱢ ᾭ ȴЄὑ40dBZ⁄Ɫ ☼ Ȳ30 dBZᴟ

40dBZᾼ ᾭ ☼ ⁄Л ȴ 
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ϝȳ Ὠ  

7-1 ֝о›∟֫ᾌ иӁ и  

  Ӑׁשṅ֯ ᴩ ה о ›Ȳᵓӣ ֝оᶾ Ȳṿ ῴה

Ở ẞḂ Ȳᶦ иέ П ϩȳ ϩ Ḇ Ὼ Є ∟ԛ ᴩиέ

ȴ 7-1Ɫ Л֝ ᾬ оѠ П Ϛḟứἤ ᾼῶ

Ȳ ╥6ѣ14ѡᾼ1100 UTCȴ 7-1М(a)╥S-POL ȳ(b)ᴟ(e)иᵑ╥

GCEȳWSM6ȳWDM6ȳMorrisonᾼ Є֫ᾌ ȴ֯ S-POL МȲצϚ

Ṇ Ӕ֯ ⁮ȳ ϱῈȲҫϚ ⁄╥ᴯὑҵ Л ȴᴖ֯Л֝ ᾬ Ѡ

П Ϛḟứἤ ῶ Ȳ Ṇ ᾼᴯ ὑ ҵ Ȳѹḥצ ҏẒ Ὑ ᾼ

Ṇ ȴҠѿϠ ẞӑ ֝оᾼ צ╥ ếῈ ϱᾼ ȲѹṆ ᾼ

⇔Ϸצ∕Ḃ Ȳҳ ᾬ Ѡ Ἤ ᾼ ֫ᾌ иӁế ᴿȲᵀ֯

MorrisonМȲ ֫ᾌ ѩẔ҃Ϯ῏ ϱ ֵȴ 7-2╥ ᴩ ֝о ᾼ Ϯ

֫ᾌиӁȲ ╥ 6ѣ 14ѡ 1030UTCȴ(a)╥ SPOL 1.1⇔ԊṔᾼ֫ᾌ

Ȳ 7-2(b)ᴟ(d)⁄╥GCEȳWSM6ȳWDM6ȳMorrison 1.1⇔ԊṔ ֫ᾌ ȴ

ᴖ ᾌ֫ה Б Ṽ τσϳ֮ ҙ ₤Ȳ ה в ᴟ1.1⇔ԊṔ ϱȴ

֯ Ϯ ֝о ḇ ȲҠѿ ᾼ Б ҠѿῴḔᾼ ϠȲẔМϭ

ѿGCE WSM6Ẓ Ѡ ᾼиέ ế Ɫ ᴿȴᴖ 7-3⁄╥ Х ֝о

ȲԚϚЊ ᾼ ֝о∟Ȳҳ Ѡ Пиέ ὨꞋ ᴰ

Ṇ Є иᾼ ȴֽ 7-3(b)ᴟ(e)МȲҳ ᾬ Ѡ ᾼ Ȳ ὑ ᴯ Ḃ

דצ Єᾼ ᵗȴGCEếWSM6ᾼ֝о Ὠế ⱢדᴿȲ ⇔ᴯ ד

Ὼ ȴ Ӧ֝о Ὠ ӱȲ ᾬ Ѡ ᾼ GCE WSM6ᾼ Ὠѩ

ṾȲᴖ ᾼWDM6 Morrisonὑ Ṇ ᾼ ⇔ ȴ ⱢҠ ᾼכ

֪╥ḕ МȲṿӣЛ֝ᾼ ᾬ Ѡ ᴩ 10Њ Ȳ֯ ᴟМѐ⇔
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ֽ ⇔ ЛЄᾼ ᾓϯȲѬ Іᾼиᵉ Л֝ ᾬ Ѡ ᴖצ

Ἤ ȴᵛṿᵓӣ֝דᾼ ᴩ ֝оȲ֪֫ᾌ Ѭ І Пӻד

֢֯ МꞋצṷ Л֝ȲҠ Ḇכ ᾼ ȴṳѹ ḕ֝װо Ȳ

ὑ ᾼה Ḕ МȲ֪Ɫ ᾬ оѠ МȲֵϠϚ І

⇔ᾼ Ȳṿ ᾼЛה ứἤ ҒȲ Ӧ ה и∟ȲіϤϠ Мᾼה ᾬ

Ȳ ᴖḂ Ѭ ІᾼиӁᾭᾓȴѹ֢֯ ᾬ оѠ МȲ ᾬ ᾼᴕ

ѿц  Ꞌצṷ ᾼЛ֝Ȳ֪15֯ױи ᾼ Ḕ Ȳ Ҡצ іϤṷ

ᾼ ה Ȳṿ WDM6 Morrisonᾼиέ ὨȲ ЛֽGCE WSM6Ṿȴ

7-4 7-5ῶӱ֝о Мᾼ֫ᾌ ֣ Ѡᶁ о Ȳ ֝

оᾼᵂӣ∟ȲҠѿכẞ֯ḕϚ ֝о МȲꞋצϯ ᾼ ȲѹẒ צ

ן Ȳ ӱ WRF-LETKFὑḂ ῴỞ ἬᵂӣȲѹϷצ╥ Ὑ֝о Ὠ╥Ҡ‒

ᾼȴ 

  ֯ ֝о╥צᵗὑḂ ῴỞ Ԉ∟ȲӐ ѝ ѩ щ Ȳ֝

о›∟ᾼ ȳ֝о ═ Ȳѿц о ᾼ ȴ 7-6╥Ϯ

Њ ​ Ϛḟứἤ М ה ​ ᾼ ὨȲ 1100UTCᴟ

1400UTCȴ 7-6(a)⁮ ᴞ ᶝ ​ ὨȲ(b)ᴟ(e)҅ῶᾼ

GCEȳWSM6ȳWDM6ȳMorrisonϚἤ ᾼϮЊ ​ ᶮȴҠѿ

Ϛἤḟứἤ ế Ὠ ЄȲᴯ Ϸ Ȳ ӱӑ֝о ᾼṆ ᾭᾓ

ȴ 7-7Ɫ ֝о∟ᾼṆ ӂᶁиέ ϮЊ ​ ȴ 7-7(a)

⁮ ᴞ ᶝ ​ ὨȲ(b)ᴟ(e)̔ ῶᾼGCEȳWSM6ȳWDM6ȳ

MorrisonṆ ӂᶁ ᾼϮЊ ​ ᶮȴ ֝о ∟ᾼ ​ ῶ

ӱ ẞḆ ֮ ​иӁȴᵀẔМWDM6Ȳֽ 7-7(d)МȲ֯⅜ὧ⁮ ȳ ⁮

Ϛ Ȳ Ὼ ​ᾼ иӁצὙ ᾼ Ȳѹῧὧц⁮᷾⁮ ​ Ϸ юȲ

ᴖ֯WSM6Ѡ МȲиӁ⁯ế ⱢדῺȲױ Ὠ Hong et al(2012)ד ẞȲ

WDM6Ѡ МצЊ​ ⇔ ᵅȲѹЄ​ ⇔ Ғᾼᾭᾓȴᴖứἤϱ ᾎᵒᵑế

῏ῶ ṾȲ֪ױ ᵓӣ ​и ᴩ ה ᾼѩ Ȳ Ɫⅎ ȴ 
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  7-8Ɫҳ ᾬ оѠ ᾼ ​ ἤ Ȳ  Ɫ0.5mmȲױ

֥ TSȳPODȳFARȳBiasи Ȳ и о ӱȴ Ԓ  

ứὑ0.5ᴏȲ ᴞ1100UTCỞ Ȳᴟ П ​ (Ẃȸ1300Z ῶ

ӱ 1100UTCᴟ 1300UTCᾼ ​ ᶮ)ȴ֯ 7-8МȲ ᴥ ╥ ֝

оᾼ Ȳּמ ⁄╥ Ϛḟứἤ ᾼῶ ȴ ֝о∟Ȳ֯и ϱᾼῶ Ὑ

Ṿȴἤ ᾼᵶ ֯ г Ϛ Бצ ᵂЮ Ȳ ῺҢϱṔᾼ ῶה

Ṿȴ֯ ϮЊ (1100-1400UTC)​ῶ МȲTS֯ ҳ῏ᾼῶ 0.6-0.8П֯פּ Ȳ

דצ Л ᾼῶ ȴẔМϭѿ GCEȳWSM6ȳMorrisonᾼ PODȳSRȳTSꞋצ

0.8ѿϱᾼѬ ȴᴟὑ WDM6Ѡ Ми ῶ ⁄ Ẕ҃Ϯ῏ Ȳᴖױ ֪⁄╥

ếЊ​ ᾼ ȲЄ​ Ἤצ …ȴᴖҳ῏֯Biasᾼ иꞋצᵅᴷᾼᾭᾓȴ 

  ֯еӔ ԑ иᾼѩ ϯȲ ᵑ Ѡ ῶ ȴ›ϮЊ ᾼ ​

ῶ ⱢGCEѠ ṾȲẔװⱢWSM6ȳMorrisonWDM6ȴᴖẞ ҳц ХЊ

ᾼ ​ ETSȲGCEếWSM6Ẓ῏ᾼи ẃᾼѩMorrisonᵅȲҠѿ

7-8(a-b)МϠ ẞȲGCEếWSM6֯ ה ҳᴟХЊ ∟Ȳ֯ἤ ϱᾼᴯ

ҢϱѠ Ȳѹ МҠѿכҏẒ Ѡ Ὑצ ⇔ ᾼᾭᾓȲѹSRϷЛ

ֽ›Ϯ Њ Ȳ֪֯ױᴕ ỄМᾼᾭᾓϯȲGCEếWSM6ч╣֯ETS

ϱᾼῶ ― Ở ᵅȴ 

  ᵓӣЛ֝  ​ ᴩ ETS ∟ȲҠϠ ה ֝о∟Ȳ ὑ

​ Ӣ ᾼ ⇔ȴ 7-9(c-d)Ɫ  10mm20mmᾼ ETS᷉ ȲҠ

ѿ ẞWSM6ᾼῶ Ь╥ ȲᴖWDM6ȳGCEᾼῶ ПȲMorrisonѠװ ֯

​ᾼ ⇔ Ϣ ȴWSM6 WDM6֯ ​ Ɫ Ȳ 7-

7Мᾼӂ иӁ ҠѿϠ ȲẔ​ иӁ Ϥв Ȳế Ɫ ῺȴᴖGCEѠ

֯ ᴩ ȲṆ ֵ֯ Ỵ ӢכȲṿ ​ֵ֯ Ỵ Ὼ ӢȲṆ Ϥв

Ở ế ȴMorrisonѠ ⁄╥֯ Ở ∟ȲṆ ᶶ ֣в Ȳṳ

ѹ Ở Ȳṿ ​ Ȳѹ Ṇ ═ Ϥᾼ ȴ 
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7-2 CFADѩ ̅иέ ῶ  

  ֯ Ởѩ иέ ῶ CFAD›Ȳ Ԓ ậ ứ ᾼ

ᴩCFAD ȴ 7-10ῶӱCFADậ ȴѬӂ έ⇔ⱢϮеṭȲ₣᾿ έ

⇔Ɫ 0.25еṭȲᴞ ⇔ 1еṭᴟ 15еṭ ȴ ᾼ ậ Є ╥ѿ 7-

10(a)Мᾼּמᴥ ἬӱȲᴖ ᾼה ậ ֽ 7-10(b) ᴥ ἬӱȲѹѿ

S-POL ⱢМї 135еṭѿҵᾼ ҟЛӣȴӦὑ Ϛḟứἤ М

ᾼṆ ᴯ Ἤצ Ȳ ậẞ Ṇ ᾼ Ȳԛ ᴩ ῶה ᾼѩ Ȳ

ױҷеӂȴ֪צ ᷂ ậ Ȳ ∟ᾼ ậ ╥ֽ 7-11

ᴥ ἬӱȲױ ЄЊ 7-10 (b)ПЄЊ֝דȲ МצὙ ᾼщ Ṇ ȴӐѝ

М ṿӣ֫ᾌ(ὤ)ȳ ч (ὤ ) ѩ ᴯד (ὑ ) ᴩ∟ ᾼ ȴ֢

ᾼ ╚ и ֽῶ 7-1Ἤӱȴᴖѿϯ CFADМϮ ҅ῶᾼ ֽ

г Ϯ Ἤ ẞȲ25%ȳ50 %ѿц75%ᾼ ȲϷ ᴿὑҳиᴯ ᾼ

Ἐȴ֯ PRDS ὨМȲӦὑ ế ПѬӂ ₣᾿￼֣ еהᾼװѠ

ứⱢ3Ȳṿ ֯ ч ᾼ ЛЄȲֽ 7-12ἬӱȴױҵȲӦὑ

ᵐ ᾼ ⇔ṿ ѩ ᴯד ᾼЛ ứἤ Ȳ Њᾼ ԜϷҠ ṿ ѩ

ᴯד ᾼ Ἤצ оȴ֪ױӐѝϷԒ ​ᾼ и ᴩ Ẓ῏ᾼ Ȳᴖ

Єὑгеṭѿϱᾼ ч ѩ ᴯד ע Лѩ ȴȴ 

  7-13╥ ӑ֝оП Ϛḟứἤ М6ѣ14ѡ1100UTCᾼ

CFADȴ 7-13 (a)҅ῶSPOL ὨȲ(b)-(e)иᵑ╥ GCEȳWSM6ȳWDM6

MorrisonѠ ᾼCFADȴ SPOL CFADὨȲ о 5еṭ֯פּ ȴ5

еṭѿϯȲ֫ ᾌМᴯ ֯25dBZȲ֫ ᾌиӁϷ Ȳּפ ֯20ᴟ35dBZȴ

ὑ 5еṭ ֫ᾌМᴯ Ἇ ᵅȲѹиӁ Ɫ Мȴ֯ Ϛḟứἤ ῶ

⁄╥֯5еṭѿϯȲМᴯ Є ═֯30dBZᾼᴯ ȴᴖ ᾼ ֫ᾌ

ҏ Ϸ Ɫ ȴᴖ֯ ῶה ȲGCEȳWSM6ȳMorrisonᾼМᴯ Ȳ

֫ᾌиӁϷ ȴᴟὑWDM6֯Ὼ֮ῶᾼ֫ᾌиӁϭѩẔ҃Ϯ῏иӁ
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ḆⱢ Ȳ Ɫ כ ›Њ ẞЄ​ ⇔ ȲЊ​ ⇔ צ ȴ 

  7-14Ɫ ֝оᾼṆ ӂᶁиέ ὨȲ(a)҅ῶSPOL ὨȲ(b)-

(e)иᵑ╥GCEȳWSM6ȳWDM6 MorrisonѠ ȴὙ ᾼ Ȳҳ Ѡ ֯

֝о∟ȲХеṭѿϱᾼ֫ᾌиӁ ⇔ Ὼὑ ȴGCEȳWSM6ȳMorrison

Хеṭѿϯᾼ֫ᾌМᴯ Є ֯25 dBZҿҢȲế Ɫ ῺȴᴖWDM6ᾼ

֫ᾌМᴯ ֯20 dBZҿҢȲ ᵅᴷϠϚṷȲT ֯֫ᾌ צ⇔ Ḃ ȴ

ҵȲ֯GCEếWSM6ױ МȲϚ ╥ ᾼ ᾬ Ѡ Ȳּ8פеṭϱῈ

ᾼCFADϷצṷ ᾼЛ֝ȴӦὑ WSM6֯ ᾼ (ὔ)Ɫ צ⇔ ᾼ╓

ẗ Ȳṿ Ἇ Ȳ ЄȲᴖױ Ἐ ᴿὑ֯ῈМצ−ֵЊ ῧȲ

ṿ WSM6֯ ᾼ֫ᾌҏ иӁֵ Юὑ 5ᴟ 10dBZП ȴWSM6

WDM6֯ Ԝד Іᾼ Ѡהᶙԓ֝דȲҬ╥WDM6ᴕ ᾼ Ѭ ​ѬȲ

֯ 7-13 ȲҠѿ ẒѠ ֯ ֫ᾌиӁ ֝Ȳᴖᵅ ⁄╥ WDM6֯ ​

Ѭ ᴩ צ Ȳṿ Ẓ῏֯֫ᾌϱᾼ ȴ 

  ӐׁשṅҬ֝о ֫ᾌ ֣ Ȳ Ḃױ Ѭ ІᾼиᵉᾭᾓȲҠϠ

о ֯֝о›∟ ꜙצ оȴ 7-15╥SPOL ḥצ ᴩ֝оᾼ

Ϛḟứἤ ὤ  CFADȲ ֯1100 UTCȲ(a)҅ῶSPOL ὨȲ(b)-(e)и

ᵑ╥GCEȳWSM6ȳWDM6 MorrisonѠ ȴSPOL CFADὨ ӱȲᵅ

Ѭᾼὤ פּ ֯0.5dBП ȲϷ ╥МЊ​ ֵᾼᾭᾓȴᴖ֯ Ϛḟứἤ

П GCEế WSM6ᾼҳиᴯ ᾼиӁ ᶮ ᴿȲὤ Мᴯ ֵҏ פּ

1dBȲἉ ҳиᴯ ⁄ѩד ֵȴWDM6Ѡ ὤ ᾼCFADиӁϱ⁄╥

Ԓϯצ Ȳ֯ ϱсᾼᾭᾓȴᴖױᾭᾓ ӱȲӦὑ ế ╥ ᾼ ứȲ֯

ᴕ о ∟Ȳד ᾼ оϯȲṿ ֵ ᾼ ȳ І оכ​ѬȲ о

∟Ȳṿ ​Ѭ ІצἬ  Ȳ ֥ᾼᵂӣϯȲṿ WDM6֯ Ὼ֮ῶᾼὤ ᾼ

ҏ иӁϱἏ ȴ ∟⁄╥ MorrisonᾼиӁȲצ Ὑ ⇔ ᵅᴖ

ὤ с ᾼᾭᾓȴ֯​Ѭѿ ᾼ GCEȳWSM6 П WDM6ȳ

MorrisonȲ ȳ оѠ ֯ὤ ᾼ₣᾿иӁϱצ−ЄᾼЛ֝ȴ כ CFAD
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ῶ Л֝ᾼ ֪⁄╥Ȳ֯ оѠ МȲӦὑ ỆứȲҬצ

ᴞӦ ȴᴖ оѠ П ȳᶮᾭ ꞋҠ Ȳ╝Ẓ῏ד

ѩϯȲ оѠ ᾼᴞӦ⇔ ȴѹ ᾬ оМȲӦὑ ֥

ᵂӣ Ḃ І ⇔(ὔ)Ȳ ҏ Є ᾬ Ȳ ю᾿ Њᾼ

ІȲṿЄ І ҒȲ֪ ẞכҠѿױ ᾬ Ѡ ֮֯ῶ Ὼכẞὤ ᾼ ȴ

ӑ֝о›ᾼὤ Мᴯ פּ ᴷ 1.0-2.5dBZҿҢȴᴖӦ 7-16Ҡѿ

ч ֢֯ ᾬ Ѡ ᾼ о ᶮȴ 7-16ῶӱᾼ╥֯CFADậ вȲὔП

Ѭӂӂᶁ ⇔ о ȴҠѿכẞWDM6 צ ֵᾼὔȲṿ Ẕ Іᾼӂᶁ

᾿ ЊȲ֪ ֯ױ ὤ Ȳ ҏ Њᾼὤ ȴᴖMorrison⁄╥ếWDM6

чȲὔד юȲṿ ὤ Єȴ 

  7-17⁄╥ ч CFAD֯ Ṇ ӂᶁиέ ᾼ ὨȲ Ɫ

1100 UTCȴ 7-17 (b)-(e)╥ ֝оᾼḂ ∟ᾼ CFADȴẒ о

Ѡ GCEếWSM6Ѡ ᾼὤ Мᴯ צ ᵅȲҠ Ὼ ᾼ Ȳ ╥

иӁȲἨ╥ҳиᴯ ȲẒ Ѡ Ḇ М ן ȴᴖ֯WDM6МȲ⁄

╥ҏ ֵὤ ȴ ∟MorrisonѠ МȲҠѿ Ӧ֝оṆ ᾼ Ȳṿ

Ὼ֮ῶ Ӑ Єᾼὤ Ȳ ӔⱢ ᵅᾼ Ȳṿ ᴷᾼ ȴ֪ױҠѿϠ

ẞȲ ֝оП∟Ȳ ὑὤ ᾼῶ ϷצἬḂ ȴ 7-18Ɫ ֢ ᾬ Ѡ

П Ϛḟứἤ ᾼ֫ᾌ̅ ч ᵉ ȴҠѿӣẃ ֯ WDM6

MorrisonᾼḂ ⇔⁯ḥצѩGCE WSM6ֻᾼ ֪ȴӦὑὤ ὤ ᾼ …

֯ GCE WSM6МȲ ֣Ϛ Ϛᾼ …Ȳṿ WRF-LETKFṆ ֯Ḃ Ѭ

І ֥ѩ∟Ȳ― −᾿ ᾼ ẞὤ ᾼῶ ȴѹ֯MorrisonWDM6МȲ

ὤ ╥ᵓӣẒ ẃȲ֪ױ ḥצ ẁ ҵᾼ о ֝оȲ ᵓӣ

ὤ ה ᾼӻד … ᴩ ӔȲҠ ḥ ᾎ ẁӔ ѹצ ᾼ Ȳה

ᴩ Ӕȴ 7-19⁄╥֝о ḇ∟Ȳ1100UTCᾼиέ ֫ᾌ̅ ч ᵉ Ȳ

ᵀ֯ ֝о Ӕ ᾬ ∟ȲҠѿכẞWDM6 Morrisonиᵉ

ῺȲϷԛװ Ὑ֝оṆ Ь╥Ҡѿ и Ϥиέ Мȴ 
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  ѩ ᴯד (ὑ ) Ѭᵶ ᾼиӁצἬ Ȳ֪֯ױЄ​ Ӣ Ȳᵓӣ

о Ȳ ὔ֯ ẞ ὑ ȴ 7-20ⱢSPOL ӑ֝

о Ϛḟứἤ Пὑ  CFADȴ 7-20(a) SPOLὨ ӱȲᵅ ᾼὑ М

ᴯ 0.1ЈὯάϳפּ ȲӦὑὑ ὑЊ​ Л Ȳ╝Ẕ ЛЄȴᴖ 7-20(b-

e)Ɫҳ ᾬ Ѡ ֯ 1100UTCᾼ ὨȲҳ῏ᾼ ╥ὑ Мᴯ ֯

0.01ЈὯάϳ ҿҢȲꜙᴟḆЊȲѹҏ иӁϷ ֯ 0 ῺỰֵȴᴖ֯ Putnam et 

al(2017)ᾼѝ ╓ҏ ᾬ оѠ ᵅᴷ Ѭᵶ ᾼ Ȳ Ӑׁשṅᾼ Ὠ

ᴿȴד 7-21⁄╥ SPOL ֝оᾼṆ ӂᶁиέ ȴ 7-21(b)-(e)

⁄╥ҳ ᾬ Ѡ ֝о∟ᾼ Ὠȴҳ῏֯ᵅὑ иӁ сϠȲῶӱ

֝о ὑὑ ᾼ ӼצϚứᾼ ȴᵀ╥Ȳ֯׀⇔ ᴖṕὑ ᾼ Ь╥ᵅ

ᴷᾼȲӦ 7-22 7-23МҠѿ Ȳᵓӣὤ ὑ ᵉ Ҡѿ Ȳ֯ ᾼ

ᵉ ֫ᾌ ẞᾼὑ Ἤצ╥ оᾼȲẔ ЈὯάϳ 0-0.5֯פּ ҿҢ Ȳ

ᴖ 7-19(b-e)⁄╥ ה ᾼ ὨȲҠѿכẞẔиᵉế ╥−ЄᾼȲ֝ ╥

ᵅ֫ᾌ Ȳ ẞᾼὑ ⁯ Ὼ0 ЈὯάϳ Ȳ֪ױ ᴩCFAD Ȳ ᵅὑ Ҝ

Ϡ−ЄϚ иᾼҏ ѩ Ȳṿ ὨצἬҏϤȴѹ֯ 7-22 7-23МȲҠ

ѿϠ ẞȲ֝оṆ ὑὑ ᾼḂ Ȳ╥צἬ ᵗᾼȴ 

  ֝о ֣ ֫ᾌȲ ὑ о ᾼ ӔצϚứ ⇔ᾼ ᵗȲẂֽ

ὤ ὑ ᾼῶ ȴ ֝оṆ Єᾼὤ Ӕᴟẞ Ὼ ȲЛ

Ȳ ֫ᾌ ẁᾼ צ Ȳ ὑὤ ӔЬצἬ‭ Ȳ֯ӑẃ ֝о

о Ȳד‒ צ ᾼ сȴ 

   

7-3 CFADѩ ̅ ה ῶ  

  ӐׁשṅМӼᵓӣ CFADᴩ ḕЊה ᾼῶ ȴ ԒȲ ậϚ◕

ȲẂֽ1100-1200UTCȲᴖ ה ḕ15и ҏϚ ȲԚצҳ Л֝

ᾼ Ȳᵓӣױҳ Л֝ ᾼ ҏϚ CFADȲᴖ Ϸ╚ ֝ד
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ᾼ ᴩ CFAD ȴӦὑ ֝о∟Ȳ ế ỞצἬ Ȳᵓӣ

Ѡᾎױ CFADᾼ Ϛ ֪⁄╥ Ṇ ֯ Ѡ ᾼ ᴯȲẔװ⁄╥Ҡ

ѿ ҒḕϚ ᾼ Ӑ ȴ 

  7-24ᴟ 7-26╥ ֝о∟ȲᵓӣṆ ӂᶁиέ ᴩ ᾼ ϚЊ

ᾼ֫ᾌȳה ч ѩ ᴯד ᾼῶ Ȳ Ɫ1100UTCᴟ1200UTCȴ

7-24 (a)╥SPOL CFADὨȴ(b-e)ⱢGCEȳWSM6ȳWDM6ȳMorrison

ϚЊ ὨȴSPOL ֯ᵅ П֫ᾌМᴯ Ɫ30 dBZȲᵀ֯פּ ה МȲ

Єֵ ֯25 dBZҿҢȲ ӱ ֯ה ϚЊ МȲɑ ֫ᾌ Ꞌצᵅᴷᾼ ȴɲ

ᴖ֯Мȳ иȲ ẞᾼ֫ᾌ ⇔ᵅȲ ⇔ ᵅȴ Мȳ֯ה ᾼ֫ᾌ

ῶ ṾȲиᵉế ⇔ Ɫ Ὼȴ 7-25╥ ч ᾼCFADῶ ȴ

7-25(a)Ɫ SPOL Ȳ֯ᵅ ᾼ ч פּ Ὼ 0.5 dBȲѹҳиᴯ Ɫפּ

0.5 dBȲῶӱὤ ПиӁ ⱢדῺȴᴖ֯ ה ᾼ иȲ ᾬ о

Ѡ ᾼ GCE WSM6Ѡ Ἤ ὨП₣᾿иӁ Ɫ ᴿȴᵀ╥֯Мᴯ

ὤ ᴷ0.3 dBҿҢȲѹҳиᴯ ЄȲῶӱẔиӁ Ɫ ȴ֯ WDM6

Ѡ МȲЬ╥צ ᾼ ὤ ҏ ѹ ὤ Мᴯ Ϸ ᴷ ֵȴMorrisonѠ МӼצ

ᴷ ὤ ᾼ Ȳᵀѿҳиᴯ ẃכȲẔ ⇔ếGCEȳWSM6ᾼ ⇔

ᴿȴ 7-26 ⁄╥ ϚЊ Пὑ  CFADῶ Ȳ 7-26 (a) ⱢSPOL ȴ

SPOL ӱȲ֯ᵅ Пὑ иӁ› 50% Ꞌ֯ 0.1ЈὯάϳ ѿϯȲᴖ Ϯҳиᴯ

⁄╥֯0.2ЈὯάϳ ҿҢȴᵀ֯ ה ӱȲ ҏẃᾼὑ Ȳ Ὑצ ᾼᵅᴷ

Ȳ Ϯҳиᴯ ᾼ Ὼὑ0.02 ЈὯάϳ ȴᴖ ֝оᾼṆ ӂᶁ ẞ ϮЊ

Ȳ Пщ Ṇ ᾼᴯ ế ⇔ế Бצ◕ ȴѹ CFADᾼ Ϸ

Ҡ ῀Ϛϡȴ 7-27ᴟ7-29Ɫ ה ∟ ϮЊ (1300ᴟ1400 UTC)ᾼ֫ᾌȳ

ч ѩ ᴯד CFADȲ(a)ῶӱSPOLȲ(b-e)иᵑῶӱGCEȳWSM6ȳ

WDM6ȳMorrisonѠ ȴᴖ֯ ה ᾼ иȲҠѿ−Ὑ ᾼכҏ ᾼ

ἤȲ ֯Ἁ Ἠ╥М ᾼ иȲꞋếӑ ᴩ ֝оᾼ CFADиӁ ᴿȲֽ

֝ 7-13ПỮӑ ᴩ ֝оᾼ￼ CFADиӁȴᴖ֯WDM6 Morrisonᾼ
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иȲ֪ ậ CFAD ᾼ вщ Ṇ ᾼ Лᶙ Ȳ֪ױẔ CFAD

ӑ ᴩ ֝оП₣᾿иӁϭד Ḇ ȴ ӱ ᴩ ֝о∟Ȳ ṿ иέ

Є Ɫ ῺȲᵀ╥֯ ѿц֢ה ᾬ о и∟Ȳṿ ה

іϤȲ֪֯ױ Ἦ ∟Ȳ Лẞכ ֝оᾼ Ϡȴ 

 

7-4 CFAD֯ ᾭ ☼ ᾼѩ  

  ›Ϛ ὑ Ṇ ϱᾼ ȲᴖӐЊ ֝о∟Ȳиέ

֯ ᾭ ☼ ᾼ ⱢᴶȴᴖӐѝ ᵓӣ ҳ Ϯ ẞᾼѠᾎ и

☼ ᾭ ȴ 7-30╥ ֝о∟иέ (1100UTC)П ᾭ ᾼ֫ᾌCFADиӁȲ

(a)ⱢSPOL ὨȲ(b-e)ⱢGCEȳWSM6ȳWDM6ȳMorrisonѠ ПCFADȲӐ

Њ ѿϯ ѱׄ ѠהꞋ֝Ȳ Лԛ ȴ֯(a)МȲҠѿὙ ẞ֯Хеṭכ Ȳ֫

ᾌᾼ иӁ ҳиᴯ ᾼ ϱсᾼצ Ȳ о ∟Ȳ ϯ ϚṷȲ

ᵛ╥ὑ ϱ ὔṓẞᾼ‐ ȴ(b)-(e)Ɫ ᾬ Ѡ П֝о ὨȲМȳ

ᾼ֫ᾌҏ иӁế ᴿȲᵀ֯ ᾼ иᵅᴷּפ 5 dBZҿ

Ңȴ о ѿϯᾼиӁϷצ ᴿᾼϚ ἤȲ Ϯҳиᴯ dBZȲế 26֯פּ

ῺȲᴖ֯GCEȳWSM6 Morrison֯›50%ᾼ ᾭ צ⇔ ᴷᾼ ȴWDM6

֯ ᾭ ế ⱢדᴿȲᵀ֯ о Хеṭפּ) ᾼᴯ )Ȳצ⁯ ᴷ5 dBZᾼ

ᾭᾓȲҠ ╥ӦὑԜד І ֵȲ о∟ ч ᾌᾼ ϩȲᴖṿ ֫ᾌ

Ẕ҃Ϯ῏ ȴ 

  7-31ῶӱиέ ֯1100UTCȲ ☼ ֫ᾌCFADиӁȴSPOL ẃכȲ

☼ ֫ᾌᾼиӁ ếYuter and house ֯ ד1995 ẞ ☼ ᾼ₣᾿иӁ

ᴿȲᴞ֮ῶẞ о ҏ Єᾼ֫ᾌ ȲᴖẞϠ о ѿϱ⁄╥Ἇ ȴҳ

ᾬ оѠ ᾼ Ӽצ ᴿᾼиӁȲᴖ ᾼ GCE WSM6֯

֫ᾌᾼ иӁ Л֝ȴצ ֪╥GCE֯ ᾼ ֵȲṿ ☼ ᾼ֫ᾌ

WSM6ẃᾼЄȴᴖMorrison֯ ☼ ᾼῶ ѩ ᴷϚṷȲМᴯ
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Ϯҳиᴯ ᾼиӁ иӁЄ5 dBZҿҢȲѹ Єᾼ֫ᾌ ϷЄϱ5 dBZȴᴖ

ױכ ֪⁄╥֪Ɫ֯ MorrisonѠ МȲӦὑ Ѡ ֯​ ᾼ  ᾼ

ứ Ȳ֪ױṿ Є​ Л ὔи כ Њ​ Ȳ֪ױ כ Morrison֯ ☼

צ Єᾼ֫ᾌ ȴ 

  ч ֯ ☼ ᾭ ᾼ Ȳ 7-32 7-33Ɫ иέ ֯

1100UTCȲ ᾭ ☼ ᾼ CFADȴ ᴖṕȲ 7-32(a)7-33 (b)ᾼⱢ

SPOL ẞᾼ ч ₣᾿иӁȴ ᾭ Ɫ ѬȲ֪Ɫϱ ῧ о

оכѬ ∟ԛ ᴟ֮ ȲӦὑ ᾭ ϱс Ȳ֪ױ ᾎ ═ᴰ Є

ᾼ​ Ȳ╝ױ ᾼ​ ЊȲ CFADᾼиӁ Ҡ ῀ȲМᴯ פּ ֯0.3dBҿ

Ңȴᴖ ☼ צ ҏ Єᾼ​ ϠȲӦὑ₣᾿ Ȳѹ ֥ Ὑ

ȲҠѿ о ∟ȲМᴯ ᾼ₣᾿иӁצ ⇔ юᴖ ч Ғᾼ

ᾭᾓȴᴖ ֯ה ᾭ ᾼῶ Ȳ֯ ᾼGCEȳWSM6Ѡ ȲẒ῏֯₣᾿иӁ

צ ᴿᾼ Ȳ ᴖҏ ֵиӁ֯1dB ҿҢȲּפ ᴷ0.5dBȴWDM6צ⁯

ᾼ ч ҏ ȲῶӱẔ І юᾼṶ ȴᴖ֯ MorrisonМȲ⁄╥

Ὑצ ᾼ ᴷᾭᾓȲ ч Мᴯ ᴷ 1dBҿҢȲѹ ⇔ юᴖ ȴ

ᴟὑ ☼ ᾼῶ Ȳ ᾼGCE WSM6иӁᾭᾓד ᴿȲּפ Мὑ2.5dB

Ȳ פѩּד ᴷ1.5 dBҿҢȴᴖWDM6МȲӦὑ ֝о∟Ȳ ☼

юȲẔиӁҠ ᾎ СӔ ᾼ ☼ Ȳ֪ױЛ ֝о ḇ∟֯ ☼

ᾼ ȴᴖ MorrisonѠ МȲẔ₣᾿иӁ ᾭ ֝Ȳ Ὼ֮ῶẔ ч

Ȳῶӱ ᾬ оѠ ὑ ֥ ᾼᴕ Ȳᵀּפ ᴷ2dB

ҿҢȴᴟὑ Morrison֯ ᾭ ☼ Ꞌ ᴷ ч ᾼ Ӧ ֫ᾌиӁ֝דȲ

MorrisonѠ МȲӐṝ б Єᾼ​ Іҏ ȲᴖЄ​ ẞᾼ֫ᾌ

ч Ꞌ ϚṷȲױϷ ֥ ȴ 

  ѩ ᴯד Ѭᵶ ᾼҏ ד ἤ Ȳ Ҡ ​Єצ Ӣᾼᴯ

Ȳᵀ ὑ ᾭ Ѭᾼ Л Ȳ֪כױẞ 7-34(a)SPOLὨȲҠѿ

ѩ ᴯד ᾼ Ѿ иӁὑ 0.1ЈὯάϳ ѿϯȴᴖ֯ Ѡה Ϸצ ᴿᾼ
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ὨȲ֯ҳ ᾬ Ѡ Ȳѩ ᴯד ᾼиӁḆ╥ Мὑ 0.05ЈὯάϳ Пϯȴ Ӧ

Мᾼה Ϯҳиᴯ ẃ Ȳ ӱ ֯ה ᾭ ​ Ьצᵅᴷᾼᾭ ȴᴖ 7-

35⁄╥ ☼ ᾼѩ ᴯד иӁȲ(a)ⱢSPOL ὨȲҠѿ ẔиӁ Ȳ

פּ 0.2 ЈὯάϳ ᴟ 0.6 ЈὯάϳ ҿҢȴᴖ Мᾼῶה Ӽצ ᴿᾼиӁᾭ Ȳ Ϡ

WDM6 ☼ ЛṜҵȲꞋҠѿכҏế ᴿᾼѩ ᴯד иӁᾭᾓȲ

ᵑ╥GCEȳWSM6Ẓ῏ Ɫד ȴᴖMorrison⁄╥֯ Ϯҳиᴯ ᾼ

иצṷᵅᴷѩ ᴯד ᾼᾭᾓȲᵀẔ֫ᾌ ч ⁯ ᴷȲױ╥֪Ɫ ѩ

ᴯד Ȳ ὑ І ⇔ Л Ȳᴖ ҫҵẒ῏(֫ ᾌ ч

) Ȳ І ⇔ Ὑ ẞẔ ᾼῶ ȴ 

7-5 ѿMorrisonѠ ֝о ᾼ  

  ṿӣ ᾬ Ѡ Ȳ ה Ѭ І ֥ѩ І

⇔Ȳᴖᵓӣ WRF-LETKFᴩ ֝о ȲᵛҠᵓӣ֫ᾌἨ ֣ ϱ Ẓ

ᾼ￼ ẦѠ ᴩ ᾼ ӔȴᴖӐѝ ᵓӣ MorrisonѠ ᴩ֝

о ᾼ Ȳӭ›ѝ ϱԒюצϢ ױ Ȳ╝ ὑ֝о ὑ ᾼ Ϸ

῀ȲӐѝ Ἱ іӞȲᶦ ∟ Л֝֝о ᴩḆ Ϥᾼׁשṅȴ 

  7-36Ɫ ֝о∟ȲᵓӣṆ ӂᶁПиέ ᴩ ​ Ὠȴ֯

ᾼ ϚЊ ȲҬ֝о ֥ѩᾼ МȲ֯​   Єᾼ МȲETS

ҫҵϚ῏ Ȳᴖ​   Њᾼ Ȳ⁄╥Ẓ῏ ֝оᾼ ᾼ ETS ȴ 

7-37⁄╥Ẓ ֝о ֯֝о∟1100UTCᾼṆ ӂᶁиέ CFADȴ

֯ о ПϯȲ֫ᾌᾼ ἤЛЄȴᵀ֯М Ҭ֝о ֥ѩᾼ МȲẔ֫ᾌ

иӁἏ ֫ᾌ Ὼȴᴖ ὑ ᴯד ᴖṕȲ о  Ὼᾼ ЄȲ֯Ẓ

Ꞌ֝оᾼ МȲ Ϯҳиᴯ ᾼиӁ ἏЄ ╥⁄῏ҏȲᴖҫϚטּ Ɫӂ ȴ

֯ѩ ᴯד ᾼ и⁄╥Ϛ ֯ о  ῺצὙ ᾼ ἤȴ ֥ѿϱϮ

Ȳ ⱢҬ֝о ֥ѩᾼᾭ ϯȲ Ԝד Іᾼӂᶁ І᾿ ϯ Ȳṿ М

֫ᾌ Ȳ о ᾼ Ϸ ЛὙ ȴᴖ 7-38╥ ᴩϚЊ ᾼCFAD
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ὨȲ ѩ Ϯ ∟Ȳ Ѿ╥ḥצыЄᾼ ᵑȲҬ֫צᾌ֯М ᾼиӁ Ɫ

Ϛṷȴ 
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ϥȳ ӑẃ  

  Ӑѝᵓӣ PRDS ה Ɫ о ∟Ȳ П о

ᴩѩ Ȳ ױ ᴩ ᾼה ȲϠ ᾼה ᾬ ᾼῶ ȴѹ

WRF-LETKF ֝оṆ ֝о ֫ᾌ ֣ Ȳ ’ ᾼה ϩ

ῺȲԛד ᴩ ȴ и ∟ȲҠѿϠ ẞ֝о∟צ ᾼ с

ϩȴᴖ֯ETSᾼ МȲ Ϡ​   Ɫ0.5mmᾼ ᷉ ӱWSM6ᾼ

ῶ ЛṾҵȲ  ᾼḕЊ ᷉ Ꞌ ӱWSM6צ ֻᾼῶ ȴᴖWDM6

֯Њ​ ᾼ ῶ Ȳ Ɫ ›Ϣׁשṅ ẞᾼḀạ ᾭ Ѭᾼῶ צ ȴᴖ

Morrison֯   ​ ᾼ ϱȲῶ ד ȴ 

  ᴖᵓӣ PRDSᴩ о ᾼѩ ȲҠѿϠ ẞ֢ ᾬ оѠ

П ᾼ Ȳᴖ ╚Ҡױ ҏ ֥ ֮ ᾼ оѠ ᴩׁשṅȴӐ М

ᵓӣGCEȳWSM6ȳWDM6 Morrisonᴩ ȴᴖ ⱢȲ ᾼ

ᾬ оѠ ὑщ Ṇ Ḇֻᾼצ ⇔ȲᴖӐѝ

Ὠ⁄╥ ᾼWSM6צ ֻᾼ ה ​ Ὠ о ȴ Ӧ֝

о∟Ȳ ẞ ᾬ оѠ ֯ ᴖṕȲ ὑ֫ᾌȳ ч ȳѩ

ᴯד ᾼῶ Ẕ҃Ẓ ᾬ оѠ ṾȴMorrisonѠ М ᴷ

֫ᾌ ч ᾼᾭᾓ‍ Ȳᴖױ Ϟ╥ὑ ὑẔ ᾬ оӐṝ

ứȲMorrisonѠ б Є​ ᾼҏ Ȳᴖױ ếү ᾼ ἤЛ֝Ȳ֪ױ

ᴩ ⁄ ᾃ Ȳ ᾬ оѠ ᾼ ứ ֮ᾼ ἤ╥ᵡד ȴR

ᴖ ֝оᾼ ȲҠѿכẞ WRF-LETKFЬצẔғ Ȳ Єᾼ֫ᾌѿц

ч ᴩ ӔȲᵀ Ὠצ ȴ 

  ӐׁשṅᵓӣḕЊ П CFADᴩ ה Ὠ Ȳ ֝о∟Ȳ

Ϡ ֝оᾼ ═ ֵϵȲϷҠѿϠ ה ὑ ᾬ

⇔ȴ ϚЊ ᾼ Ὠế Ὠ ᴿȲ ḥצыЄᾼḂ ȴЄֵ ᾼ
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ᴰȲᴖ ϡЊ ᾼ Ὠ(ӑ  )⁄╥ Ởҷҟ ֝оᾼ Ȳ₣

᾿иӁ ὨצἬ ȲᴖẞϠ ϮЊ ȲҠѿ Ẕ ὨБ ế ᾼ

Ὠ ꜙ Ȳῶӱ֯Ӑװ Мҳ ᾬ Ѡ ὑ ֝оᾼ Ὠ ═

2-3Њ ҿҢȴ 

  Ӧѩ ᾭ ☼ ᾼ Ὠ∟ȲҠϠ ֝о ὑ

ἤᾼ ȴ֫ᾌὑẒ ᾼ ῺȲẔ ᾼ ֽӂᶁ₣᾿иӁ

‐ ᴿ›ϢἬ ᾼᾭᾓȲᵀ֯ ч ᾼ ᴷȲѿц ᾭ ѩ

ᴯד ᾼᵅᴷЬ Ḃצ ᾼῈ ȴӦὑ֫ᾌиӁᾼ ἤ ֻ Ȳ֪ױ Ӧ

о Ȳ― ẞ ᾬ оᾼ ȲѿцҠḂ ᾼ֮Ѡȴ 

  ᴩ֝о Ҭ Ѭ І ֥ѩѿц Ѭ І ֥ѩ І

⇔Ẓ ֝о ᾼѩ ȲҠѿ ֯ CFADᾼ ϱȲҬ֯צМ ֫ᾌ о

Ὑצ ᾼ Ȳᴖ CFADὨᾼ Ḇ╥ ЊȴᵓӣETS​ ∟Ȳ⁄

╥ҠϠ Л֝֝о ὑ ​ ᾼЛ֝ ȴ 

  ᴖׁשṅ Ὠ ӱȲ о ֯֝о›∟ צ ȲᵀЬצ ḔῈ Ȳ

Xue et al(2010) ẞȲ ה ֵȲ⁄ Ḇֵ Ȳֽ Пѩ

ᴯד ч ẃ ᴩ ֝оȲҠ צ Ṿᾼ ὨȴӦὑ ᾬ

оѠ ֯Ӑׁשṅ о ᾼ ⇔ Ȳ ⱢҠ ╥֪Ɫ֫ᾌМἬ

ᵶᾼ юȲ֪ױ ᴩ ᾼӻד ￼ ẦѠ Ȳ ᾎ Ӕ ᾼ

ȴ֪ױȲṿӣ ᾬ Ѡ ᴩ֝о ȲϷ ֝о о Ȳᵓ

ӣ ч ҏḆӔ ᾼ Ȳѿ Ӕ ֥ѩ І ⇔ȴ 

  Ӑ ṅשׁ Ɫ ᾬ оѠ ױ֯ Ὠ ṾȲᵀ֯ Jung et 

al(2012)МȲӼ╥ᵓӣ֝о ֫ᾌ ֣ Ȳԛѩ иέ П о

ȴ Ὠ ӱ ᾼ MY Ѡ ѩ ᾼ LinѠ ῶ ḆṾȲếӐׁשṅ

Л֝ȴ Ɫ ᾼכ ֪Ҡ ╥֪Ɫщ ₤ ᾼЛ֝Ȳѿц ѝ ᴩֵװᾼѹЛ֝

ѐ⇔ᾼ ֝оȲ ὑ ϩ ᾼ ד⇔ Ȳṿ ϱ ᾬ о

Ѡ ∟Ȳ ế Ὼᾼדצ ὨȲ ὑױ ԛ Ϥ Ȳ᷄ҏҠ
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ᾼ ֪ȴ 

     

  ӑẃ ̅̅ ὑ ẃ ֵ о ᾼ Ȳ ὑ ϯȲ

ᴩ ה ѿц ֝оӣ ȴӦὑѝ Мᾼ ứᶙԓ ᴕ PRDSּ֯ר ᾼ

ȲẂֽ​Ѭ ѩ …ѿц Ȳᶦ ֯ӑẃ ᵓӣT-matrixѠᾎ

֥ ᾌ ᾼ￼֣ ȲѿціϤ ᾼӂᶁ ⇔ Ȳᶦ ṿ PRDS

ḆҒ ȴ Ӧ PRDSᾼ ⇔ ȲӐѝϷЄ ҏӭ› ֥ щ

₤ ᾼᾪӐȲṿ ֯ ᴩ ה ȲἨ╥∟ ֝оӣ ḆӔ ᾼᵧ

о ȲױҵȲ ὑ ד Ѭ ІҜѩᾼ Ϸ Ḇֵ ẃ ᴕ

ȴẂֽṿӣPIDʒ Ȳ ᵑ о ПѬ ІиӁᾭᾓȴ 

  ӭ›ХиЍᾼSȳCᾌ◕ о Б ∂ ᶙכȲѹ֢֮ᾼ ​

Ϸ ӴᶙכȴӐ ╥ṅשׁ ​ ᴩ о ᾼ ה

ȲӦὑ ắЛ֝щ Ṇ Ȳֽ Ἠр∟ ☼Ȳ Ҡ Ẕצ

ᾼ о Ȳᴖ Ӧ ה ȲӼ Ϡ Л֝щ Ṇ ᾼ ἤȴױҵȲ

֪ ᴯ Ṹ ֮ Ȳ ᾬ ếּר П ἤϷЛ֝Ȳ֪ױ Ӧ о

ȲϷ ᵗḂ ᾬ оѠ Ἠ᷄ҏϚ ֥ ᾼ ᾬ Ѡ Ȳѿ

―ᵂ ᴯἨׁשṅ ᴯᵓӣȲ ϚḔӼҠḂ PRDSᾼ ứȴ 

  ∂Ӵ PRDS∟Ȳ֯ӑẃҠ ᴩ о ᾼ ֝оȲ―Ҡ ҵ

ὑиέ ᾼ ȲϷҠ ὑᵓӣ ᾬ оѠ Ȳ о

ᾼ ҵ ᴩ֝оȲИצ Ṿᾼ֝о Ὠȴ 

  ∟Ȳ ᴩ ᾬ ᾼ֝о ֯ӐׁשṅМỮӑ‍ ᶙ ȴӦὑ ᾬ

Ѡ МȲ֢ ᾬ ᾼ Ȳ ѿ֯ в ẞᶙֻᾼ ȲᴖḆ ᾼ

Ḇᶙ ᾼ Ȳֽ Ὅ Ὠ ᴩ ȴ 
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6ѣ14ѡ0000UTC֮ד2008 1 -2 щ ȴậᴞὑМҶ ᶝȴ 

 
6ѣ14ѡ0000UTC 850ᴍἂщד2008 2 -2 ȴậᴞὑМҶ ᶝȴ 
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6ѣ14ѡ0000UTC 500ᴍἂщד2008 3 -2 ȴậᴞὑМҶ ᶝȴ 

 

6ѣ14ѡ0000UTC 200ᴍἂщד2008 4 -2 ȴậᴞὑМҶ ᶝȴ 
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6ѣ14ѡ0000UTC ὧḘד2008 5 -2 ῈȴậᴞὑМҶ ᶝȴ 

 
6ѣ14ѡѡד2008 6 -2 ​ иӁ ȲậᴞὑМҶ ᶝȴ 



47 

 

3- 1  Ӑ ȲD01Ɫ Ἤӱԓ ȴ 

 

 

 

 

 

 

 

3- 2 ֝о☼ ȴ 
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3- 3 ϝῖ 1.4⇔ԊṔ иᵉȴ 

 

3- 4 ϝῖ 1.4⇔ԊṔП о иᵉȴ 
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5- 1 Є ѩẂП ⇔  (a) ᴕ ế І (b) Jung et al 2008ד

ѝ М  (c) Є ѩẂ ҙȴ 

(a) 

(b) 

(c) 
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ד 2 -5 ІП ⇔ ạȴ(a) ὔюὑ10 Πάϳ ⁄Л ȴ(b) 

ὔюὑ100 Πάϳ ⁄Л ȴ(c) ὔюὑ1000 Πάϳ ⁄Л ȴ 

 

(a) 

(b) 

(c) 
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6- 1 ԓ ᴞ ᶝ ​ иӁ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rain Gauge Station & Position 
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7- 1 6ѣ14ѡ1100UTCϚ ה Ὠ S-POL Пѩ ȴ(a) S-

POLЄ֥֫כᾌ ֥ Ὠȴ(b-e) Ϛḟứἤ ὑ1100UTCᾼ Є֫ᾌ

֥ Ȳ ᶧиᵑⱢGCEȳWSM6ȳWDM6ȳMorrisonȴ   

 

(c) (b) 

(d) (e) 

(a)SPOL 
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7- 2  6ѣ14ѡ1030UTCиέ Ὠ S-POL Пѩ ȴ(a) S-POL 

1.1⇔ԊṔ Ὠȴ(b-e) Ϯ֝о Пиέ ὑ1030UTCᾼ1.1⇔ԊṔ֫ᾌ

Ȳ ᶧиᵑⱢGCEȳWSM6ȳWDM6ȳMorrisonȴ 

 

(c) WSM6 (b)GCE 

(d)WDM6 (e)Morrison 

(a)SPOL 
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7- 3 6ѣ14ѡ1100UTCиέ Ὠ S-POL Пѩ ȴ(a) S-POL 1.1

⇔ԊṔ Ὠȴ(b-e) Х֝о Пиέ ὑ1100UTCᾼ1.1⇔ԊṔ֫ᾌ

Ȳ ᶧиᵑⱢGCEȳWSM6ȳWDM6ȳMorrisonȴ 

(c) WSM6 (b)GCE 

(d)WDM6 (e)Morrison 

(b)SPOL 
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7- 4 Х ֝о МȲ֫ᾌѠᶁ ᾼ ȴ(a) GCE (b) WSM6 (c) 

WDM6 (d) Morrisonȴ 

 

 

 

 

 

 

 

 

 

 

 

 

(b) (a)  

(c) (d) 
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7- 5Х ֝о МȲ ֣ Ѡᶁ ᾼ ȴ(a) GCE (b) WSM6 (c) 

WDM6 (d) Morrisonȴ 

 

 

 

 

 

(b) (a)  

(c) (d) 
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7- 6 6ѣ14ѡ1100UTC-1400UTCḟứ ПϮЊ ​ ȴ(a) 

​ ПиӁ (b-e)Ϛḟứἤ ϮЊ ​ ȲиᵑⱢGCEȳWSM6ȳ

WDM6ȳMorrisonȴ 

 

 

(c) (b)  

(d) (e) 

(a)OBS 
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7- 7 6ѣ14ѡ1100UTC-1400UTCϮЊ ​ ȴ(a) ​ ПиӁ

(b-e) Ṇ ӂᶁ ϮЊ ​ ȲиᵑⱢGCEȳWSM6ȳWDM6ȳMorrisonȴ 

 

(c) (b)  

(d) (e) 

(b)OBS 
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7- 8 ҳ ᾬ оѠ П1ẞ5Њ ​ ἤ (Performance 

Diagram)Ȳ​ Ɫ0.5ᴏȴּמᴥ Ɫ Ϛḟứἤ ᾼῶ Ȳ ⁄╥

֝оᾼ ῶ ȴ(a) GCE (b) WSM6 (c) WDM6 (d) Morrisonȴ 

 

(b) (a)  

(c) (d) 
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7- 9 ҳ ᾬ оѠ П1ẞ5Њ ​ ETS᷉ ȴ ҅ῶ

֝оП Ϛḟứἤ Ȳ ⁄╥֝о∟ᾼṆ ӂᶁ ȴּמᴥ ῶӱGCEȳ

ᴥ ̅WSM6ȳ ᴥ ̅WDM6ȳ ᴥ ̅MorrisonѠ ȴ(a)  Ɫ0.5 mmȴ

(b)  Ɫ5 mmȴ(c)  Ɫ10 mmȴ(d)  Ɫ20 mmȴ 

 

(b) (a)  

(c) (d) 
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7- 10 CFAD Ἤ П ȴ(a) S-POL ậ ȴ(b) ֝о

∟Ȳиέ Ἠ П ậ ȴ 

 

 

 

 

 

 

 

7- 11 Ϛḟứ ПCFAD Ἤ П ȴ 

 

(b)  (a) 
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7- 12 ч ѩ ᴯד ֯ CFADᾼע ȴ(a) ч 1-

15еṭПCFAD (b) ֝ (a)Ȳ ⁄ Ȳѩכ ᴯד ȴ(c-d)1-6еṭCFADȲ

(a-b)֝ȴ 

 

 

 

 

 

 

 

 

 

 

 

(b) (a)  

(c) (d) 
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6ѣ14ѡ1100UTCӑ֝оד2008 13 -7 Ϛḟứἤ П֫ᾌ

CFADȴ(a) SPOL (b) GCE (c) WSM6 (d) WDM6 (e) Morrisonȴ 

(c) (b)  

(d) (e) 

(a)  
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6ѣ14ѡ1100UTCṆד2008 14 -7 ӂᶁиέ П֫ᾌCFADȴ(a) 

SPOL (b) GCE (c) WSM6 (d) WDM6 (e) Morrisonȴ 

(c) (b)  

(d) (e) 

(a)  
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6ѣ14ѡ1100UTCӑ֝оד2008 15 -7 Ϛḟứἤ П ч

CFADȴ(a) SPOL (b) GCE (c) WSM6 (d) WDM6 (e) Morrison 

(c) (b)  

(d) (e) 

(a)  
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7- 16 ​ѬП І ⇔֯CFADậ вᾼѬӂ ӂᶁП₣᾿иӁ

ȴ М ֿⱢ вᾼ Є ȴ 
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6ѣ14ѡ1100UTCṆד2008 17 -7 ӂᶁиέ П ч

CFADȴ(a) SPOL (b) GCE (c) WSM6 (d) WDM6 (e) Morrison 

(c) (b)  

(d) (e) 

(a)  




















































