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Abstract  

To understand the characteristics of different microphysics schemes and 

investigate the forecast error structure in very short-term forecast, four microphysics 

schemes are used in the study. They include two single-moment schemes: 

Goddard(GCE)ȳWRF SM 6-category(WSM6), and two double-moment schemes of 

WRF DM 6-category(WDM6) and Morrison(MOR). A thunderstorm case in northern 

Taiwan on June 16, 2008 is selected. 

The results show that GCE has the most ice-related mixing ratio, so the reflectivity 

development is the highest. In the low-level warm rain process, WDM6(MOR) has the 

most(fewest) rain mixing ratio and the weakest(strongest) reflectivity due to large(small) 

number of rain total number concentration. It is found that when using the double-

moment microphysics scheme, the influence of the total number concentration cannot 

be ignored.  

According to different microphysics scheme settings, the variance also has 

different characteristics. With the same ensemble members (36), it is found that 

GCE(WDM6) has more uncertainty in ice-related processes (warm rain processes). 

Therefore, using combination of these two schemes can effectively increase ensemble 

spread and improve the benefits of data assimilation.  

The error correlation between different variables is also discussed in the study. In 

the convective zone, the vertical wind and the latent heat release are highly correlated. 

The possible reason is that the strong vertical wind increases the phase transition 

between the particles, and the latent heat released enhances the vertical wind again. In 

addition, the reflectivity auto-correlation in MOR is greatly affected by the number of 

particles around melting layer. 
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Ϛ  :  

1.1  ѝ ֫  

ү ҉ ֵЛ֝ ₤ᾼ ​Ṇ Ȳֽ ȳ ​ȳр∟ ​ Ȳ ṷ

Ɫ‍ ἤᾼ ​Ṇ ‍ Ȳ ἏἏה ᾎᶙԓ Ȳ ᴖḕד

כ ҷד⁯ Ҡ Ȳ֪ױ ᵺ Ȳֽᴶ щ Ṇ ᾼ ϩѿ ю

ḳ Ṽ ╥ ṅᾼԚ֝ӭשֵׁ ȴ 

Ӧὑ ה М ꜜцῴỞ Ԉ‍ Ȳ֪ ױ ṿӣ Ὼ Є

ᾼῴỞ ế ꜜҠѿצ Ḃ ה ȴ ҟ ṅשֵׁ ֯ᵓӣ ֝оѠה

Ḗ Ṿᾼ ῴỞ Ȳ ὨȲᴖ ṓᾼ ֝оѠᾎצ и֝оȳ

Ṇ ֝о ȴ ›ϢׁשṅȲṆ ֝оѠᾎȲ֪Ẕ☼ ￼Ṽᾼד ẦѠ

ἤȲҠѿ ֻ оᶶ ѹ ‍ ἤᾼМЊѐ⇔щ (Dowell et al. 

2004; Snyder and Zhang 2003; Tong and Xue 2 005)ȲἬѿЄ ᾼ ӣׁ֯שṅ

Мȴ 

ᵀ╥ ϠῴỞ ᾼ ПҵȲ Ӽắ Ӑṝᾼה ȲẔẃ −ֵȲ

╥ ȳῈ έ⇔ЛṜἨ╥װ ᾬ П оἬ ᾼכ ה Ȳױ

Ṇ Ὠ֯׀ ȳ ⇔ Њ Ȳᴖ֯Ṇ ֝оМ

ṷ ֮ ֝о ᾼᵺ Ȳ֪ ᴶֽױ ю ה Ἤ ᾼכ ד

ȴԒ›ϚṷׁשṅМ ӱȲᴕ ה П∟ҠѿḂ ⇔ЛṜ ȳ

Ғ ֝о ȲḂ Ṇ ֝оᾼиέ Ὠ(Houtekamer et al. 1996) ȴ 
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ᾼ ҒȲ щ έ⇔Є сȲϷḆ Њѐ

⇔ᾼщ Ȳ֯ ☼Ṇ Ȳ ᾬ оḟứϠ ᾬ ᾼ Ȳᴖ

ṷ ╥ ҟ έ⇔ ה ᾎ έᾼȲ֪֯ױ έ⇔ᾼ МȲ ᾬ

оᾼ ЛҠἕ ȴ І иӁ Ṇ ᷊ ϚЛҠἕ ᾼṔᴥ(Ferrier 

et al. 1995; Gilmore et al. 2004; McCumber et al. 1991) Ȳ Мה ᾬ

оḟứϠ І иӁȲ֪ ṿӣЛ֝ױ ᾬ оȲ ᵑЛ֝ᾼ ứȲ

Л֝ᾼצ ἤ ῶ ȴӭ› ṓᾼ ᾬ оѠᾎֵṿӣ bulk - method

ᾬ ȲẔМϭиⱢ ц ȴ о ֥ѩȲ

о Ϡ ֥ѩ Ҡѿ Іᾼ Ȳ֪ ֯ױ Мצ

Ḇ ᾼᴞӦἤȲБ צ ṅשֵׁ ҏṿӣ ᾬ оצḆṾᾼṆ ȳ

ѹḆ Ὼ  (Morrison et al. 2009; Xue et al. 2010) ȲױҵMorrison 

et al. ( 2009) ẞ оҠѿᴞӦ І ȳЄЊȲᴖ ІЄЊϭ

ẞ ȳ ⇔ȳ ϩế₣᾿ ⇔ Ȳ֯ ϩц ϩϱ צ ȴ ᾬ

о֯ ☼Ṇ ‍ ȲT ╥֯ ṅМשֵׁ ӱḥצ ứϚ оѠᾎ

ᾛ Ɫ╥ Ṿᾼ (Fresnay et al. 2012) ȲẔМ ҉ Ϡ ֵЛ ứἤȲ

Ϥ ȴ 

Л֝ ᾬ о ᴞЛ֝ᾼ֢צ ἤ ạȲ Л֝ ὨȲ ṷ

Ϸ Л֝כ ế Ȳ֪ױ ֝оכ Ἤצ ȴֽЛᴕ

оἬ ᾼכ ה Ȳὔᵅᴷ ᾼЛה ứἤ(Tapiador et al. 2011) Ȳ Ғ

֝о ᵺ ȴⱢϠ ᾬ о ӢП ה ȲῺẃׁשṅ ṿӣᾼ

ѠᾎⱢ֯Ṇ Мṿӣ ᾼ ᾬ о(Xue et al. 2010; Yussouf and 

Stensrud 2011)Ἠ╥ṿӣֵ ᾬ оѠᾎᵌὢᵅᴷ ה П ȲϷצ

ṅשׁ ҏ֪ᴕ ה Ἤ ҒᾼЛ ứἤȲѩ ϢЏᾼinflationצḆֻᾼ

ῶ (Ha et al. 2015) ȴ 
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мΦн ׁשṅ  

ӴὟ ( 2017) ⁮ᴫד2008 ☼ ᾼIOP8 Пү ᴫ⁮ М

ѐ⇔ ☼Ṇ ȲṿӣṆ ᾎᴷ ױ ᾼ ȳῈ ϱᾼ ȴ Ὠ ӱȲ

֪֮Ɫצ ϩП Ȳ Ѡ ֯ ֮ϱ ḀạȲ Лᵓὑ ֝оȲѹ

Ӧ ֣ᵅ Ȳד ὑᶝ֮ ☼ ֯М ҏ Ȳ ӱֵ

ѐ⇔ᾼ ἤȲѹ έ⇔(3 еṭ)ѩ ᵅ έ⇔(9 еṭ)צḆЄᾼЛ ứἤȴ

ד ἤ иȲ ​ ᾼ ד ἤѩ ☼ ҠѿἋᴼḆ ȳ ϱȲѬӂ

═ 30 и ѿϱȲ ֣ (V)Ҡѿ ═ 2Њ Ȳ ⇔ ⇔֯ 30 и

вȲ ṷ Ὠ ӱ֯ṿӣ έ⇔ ה ☼Ṇ Ȳ ֝о М Ḇ

ֵᾼ ц ᾼ֝о ȴ 

⁬ᶛ ( 2018)֝ ⁮ᴫד2008 ☼ ᾼIOP8 Пү ᴫ⁮

Мѐ⇔ ☼Ṇ Ȳᵀ ᾼ╥Л֝ ᾬ о ᾼ ᵑȲ ӣẒ

о(GCEȳWSM6)ȳẒ (WDM6ȳMOR)ȴ Ὠ ӱȲ ЄᾼЛ ứἤ

֯Ԝד ȲẔМϭѿ GCEᾼԜדЛ ứἤ Ȳᴖѩ WSM6ȳWDM6Ȳ

WDM6֪ ⱢẔ ứȲἬѿצ ЄᾼṆ ⇔ȲMOR⁄╥ҳ оМ

⇔ Њᾼȴ  

ӴὟȳ ⁬ᶛׁשṅ ӱ֯ү ⁮ Мѐ⇔ ☼Ṇ МȲ έ⇔

МȲ֝о ד ὑᵅ έ⇔ЛὔȲᴖ֯Л֝ оצЛ֝ᾼ

цЛ ứἤȲӐ ᾼ ה έ⇔Ḇ (1 еṭ)Ȳṳ Ϥ Л֝ ᾬ о

ᾼ ȲѿцṆ ᾼѠ ȳ ד ἤȲᴖ ӴὟ ( 2017) ⁬ᶛ ( 2018)

╥ ү ⁮ ϱПМѐ⇔ ☼Ṇ ȲⱢϠ Л֝ ᾬ о֯ү Л֮֝

цЛ֝щ ₤ Пῶ ѿц ἤȲ Ϛү Җ р∟ ☼ Ȳױ
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ѩ Мѐ⇔ ☼Ṇ ḆⱢᶝ Ȳѹ֯ ֮ᶮᴖ‍ ϱӢכȲ ֯

☼ М֢ П₣᾿иӁȴ֯  2017МȲ Ϛ ЄүҖ֮ד2015 ☼ Ȳ

Ὠ ӱȲ Мᵐᴃה ⇔ȳ ☼ ֥Ẇ᷊ ṔᴥȲẔѝМῶӱ

ֵ ᾬ о П∟Ȳ WDM6Ҡѿ ֻ֮ ҏ ☼ ֥Ẇ Ȳ

ῶӱṿӣЛ֝ ᾬ о֯ү Җ ☼Ṇ М ὑᵐᴃȳ ☼Ṇ Ҡ

Л֝ᾼчצ ȴӐׁשṅ Є Л֝ ᾬ о Ȳᴖᵐᴃȳ ᵐ

⁯ ᾬ оМ​ цЄЊצ−Єᾼ ἤȲ֪ ​ױ І ẃᾼ

Ϸ╥Ӑ ПϚȲ ∟ ϚḔиέЛ֝ ᾬ ֫ᾌ ӻד

ἤᾼ ȴѝ М ӣҳ оѠᾎ(GCEȳWSM6ȳWDM6ȳMOR)Ȳиᵑ

֢ о ἤȳṳᵓӣṆ Ѡᾎᴷ Ѡ ế ד ἤȲ ẁṆ Ѡᾎ

П ֝оϚ ᴕṼ ȴ 
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ϡ  : Ю 

ӐׁשṅП Ɫ ⁮ᴫד2008 ☼ (Southwest Monsoon Experiment, 

SoWMEX) IOP8(Intensive Observation Period 8) ᾼү Җ ☼ Ȳ

Ɫ6ѣ14ѡ0000 UTCᴟ17ѡ1200 UTCȴ6ѣ15ѡ1700 UTC

ẞ 16ѡ 1700 UTCȲү ᴫ⁮ ПМѐ⇔ ☼Ṇ (MCS)Ɫү ẃЄ

ᾼ ​Ȳ24Њ ​ Ҡ ẞ300ᴏѿϱȴᴖ֯ ד2008 6ѣ 16ѡү

Җ ϷצϚ ☼Ṇ ӢכȲ ѡ֯ Җȳ Ѝ Ӣ ☼Ȳ ѡ

​ ẞ 150 mmҿҢ( 2.2)ȴӦХиЍ Ҡ῀ȲṆ Єּפ ד2008 6ѣ

16 0300 UTCҏ Ȳ0530 UTCҿҢ ẞכ Ȳ֫ᾌ֯Ѝ Ӣכȳ (

2.1 a~l )Ȳṳ֯ 0700 UTC∟ ȴ  

ױ вү Ȳиᵑ֯ү ⁮ȳҖҏ Л֝ᾼ ☼Ṇ Ȳ

☻( 2011)Ȳ 2.3 aⱢ ד2008 6ѣ 16ѡ 0000 UTC ֮ щ Ȳ Ӧ

⁮ ᴫ ᾼ ⁮ᵅ Мї ү ҖѠἋᴼᴟѡӐὧ Ȳү ᴯὑыӂ◦

⁮ᵅ П ☼ ֥ Ȳ ֣Ɫ⁮⁮ᴫế⁮ Ȳṳ Ӣᵅ ☼Ȳ ẃ ֵ

Ѭ Ȳ ᴖṕү ὑ ȳ ᾼ ȴ850 hPaщ (  2.3b) ҠṓȲ

⁮ᵅ ⇔ἏҖ ȴ ⁮ᵅ ὧ  ἏὧҖἋᴼᴟѡӐ⁮ ȴ500 hPa 

щ (  2.3 c)МȲ ҖצϚ ᵅ Ȳ֯ү ҖѠצὧᴫ֣ᾼᵅ Ȳ ᾼ 

ҖѠצϚ  (blocking height) ṿщ Ṇ ắẞ ȴ200 hPaщ (

2.3 d)МȲү ᴫ⁮ᴯ֯ᵅ ›Ȳѹắ⁮Ṹ Ȳ Ὲᵧ Ȳ֪ױү

ẁ ☼Ṇ ṏֻᾼ ȴ 

2.4 МȲ0400ȳ0500 UTCᾼ֮ Ҡ῀ȲӦ ᵬ֣в ᾼ

֯ Ѝ ֮ ֥Ȳ֪ױӐ П Ȳ Ϡ ѹ ᵓὑ

☼ Ȳ ắẞ ц֮ᶮ ᴖ  ȴ כ☼
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Ϯ  :  

ῴỞה 3.1  

Ṇ ῴỞ ẃᴞ Yang et al. ( 2014)ᾼ Ṇциέ (Ӑ ᾭ ҵ

)Ȳ֯ Yang et al.  (2014)МȲṿӣWRFϮ и֝оṆ (WRF-VAR)ҒϤ

ᴟּר Мї(NCEP)ᾼ FNLԛиέ (ρȴ*ρȴ) ᵂ 36 Ṇ

כ ȲṳᵓӣWRF-LETKFṆ ֝о ȳsatellite wind vectorȳGPS-

ROᾼ ᷉Ṕ(bending angle)Ȳ֝о Ɫ ד2008 6ѣ 13ѡ 0000 UTCᴟ 2008

ד 6ѣ 15ѡ 1800 UTCȲѹḕ 6Њ FNLԛиέ ᵂⱢṆ ᾼ ꜜ ԈȲ

έ⇔Ɫ 27еṭȲ₣᾿ Ɫ 27 ȴᴖׁשṅМПḟứἤ ἬṿӣПῴỞ Ɫ

ױ 36 Ṇ ῴỞ Пӂᶁȴ 

3. ה 2 ứ 

ṅṿӣשׁ הWRF (Weather Research and Forcasting)ה 3.7.1 ᾪӐȲ

ⱢҠױ ȳ‍ ϩᾼ ȴṿӣҳה ֣ᾼ ᾭ Ȳ έ⇔ṼᶧⱢ 27ȳ9ȳ

3ế 1еṭ( 3.1)Ȳ Ɫ 181*151ȳ160*151ȳ190*190ế 151*151 Ȳᵓ

ӣ WRFἬ ẁПв ה v_interp(ױ Ҡӣẃה ҒῴỞ ѿц ꜜ П₣

᾿ ) ӐῴỞ П₣᾿ (27 )в ᴟ 52 Ȳ ה ⇔ Ɫ 10 hPaȴ

Ɫ ד2008 6ѣ 15ѡ 1800 UTCᴟ ד2008 6ѣ 16ѡ 0900 UTCȲ ה

ҏ П έ⇔ⱢϫХи ȴ 

Ἤṿӣᾼ оֽϯȲRapid Radiative Transfer Model (RRTM) ᾌ ᾎȳ

Dudhiaᾌ ᾎȳYonsei Universityꜜ оѠᾎ(YSU)ếGrell-Freitas
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оѠᾎȲ оҬ֯צ ҵẒ (D01ȳD02)ȴӐװ Ԛ ҳ

ᾬ оѠᾎȲҔ╗Godard(GCE)ȳWRF SM 6-category (WSM6)ȳWRF 

DM 6-category (WDM6)ȳMorrison (MOR)Ȳ ᾬ о ֯ϯϚ Ю ȴ 

Ὠ иⱢϮЄ иȲ Ϛ и ᾬ о ἤѩ ȲẔМҔ

ᵶ Ϛ ѿцṆ ὨȲ ϡ и Ѡ Ȳ Ϯ и ד Ȳ

ḕϚ и ѩ ҳ ᾬ о Ὠȴ 

3. 3 ᾬ о Ю 

ѝ ӣҳ BMP(bulk microphysics scheme)ȲẒ цẒ ȴ

BMPМȲ֢ ᾬ ц І иӁֵṿӣGamma distribution:  

ὔȟ Ὀ ὔȟὈ
АὩ ὨὈ          σȢρ 

Dῶӱ І ȳx ╥Л֝Ѭ Іȳὔ ȳɤ ȳôɲ ᾭ

ȴΆȳὔȳ.еהц …ֽϯ:  

                      ɤ
“”ὔȟῲА τ

φ”ή

А

                 σȢς 

                ὔȟ ὔȟὈ
АὩ ὨὈ ὔȟ

ῲА ρ

ɤА
          σȢσ 

qⱢ ֥ѩȳὔ(total number concerntration)І ȲӦױẒ Ҡ ҏ

ӂᶁ І Ὀ :  
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                          Ὀ  
φz ὗὶz”

ὔὸὶz“z ”
                  σȢτ 

ц ᵑ֯ὑҠ ᾼ Л֝Ȳ Ҡ ֥ѩȲẔ

ⱢϚỆứ Ȳ І Ɫ ֥ѩⱢ ᴖẃȷ ֥ѩ Ҡ

Ȳ С Ḇה ᾼᴞӦ⇔ȴ 

3.3 .1  GCE 

GCEⱢ ѹԚצϮ :  2ICE (cloud ice & snow)ȳ 3ICE-graupel 

(cloud ice, snow & graupel)ȳ3ICE-hail (cloud ice, snow & hail)ȴׁשṅМṿӣ3ICE-

graupelȲ ὑ Lin et al. (1983)ц Rutledge and Hobbs  (1983)ᾬ ȲṳӦ

(Tao et al. 1989)Ἤ ҏѠᾎȲ Ḃ ȳḛ ȳ ếὡ ᴖכȴ 

Tao et al. (2011)ѩ 2ICE GCEȳ3ICE-graupel GCEȳ3ICE-hail GCEȳLinȳ

WSM6ếThompsonȴ Ὠ ӱ֯Linế3ICE GCEῈМ צ Єᾼ Ὅȴ

₣᾿ѩ Ὠ ӱȲ ṷ о ᵑѻ ╥֯ ᾼԜד Ȳᴖ3ICE-graupel 

GCEᵑֵᾼ ȴ 

3.3 .2 WSM6 

Hong and J. Lim (2006)ׁשṅἬ ҏȲWSM6╥ ҒϤWSM5ПМ

ᴖẃȲ Пד ╥ ᴕLin et al. (1983)цRutledge and Hobbs (1983)Ἤ

ҏѠᾎȴWSM6צẒЄ ᴥȲ(1)Ԝᾼ ⇔ оȲ ⇔ ᵅ

Єȳ(2)Ԝ ᾼ ⇔Ḃ ȴHong and J. Lim (2006)Мѩ WSM5
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WSM6ᾼῶ ȲWSM6ѩ WSM5צ юᾼѬ Іѹצ ֵᾼ ​ȲҠ

֪ⱢWSM6 ҒϠ ѹẔ ⇔ѩ ЄἬ ȴ 

3.3 .3 WDM6 

Ӑϱ ứếWSM6דᴿȲLim and Hong (2009)֯WSM6МҒϤ​ế ᾼ

І ᴖכȲ֪ױWDM6֯ ế​╥ ᾼ ᾬ оȲѹ֯​ᾼ

ᶮᾭ иȲWSM6╥0ȳWDM6⁄╥1ȲῶӱWDM6Мᾼ​ І и

Ӂ֯ Њ ᾼ ІП Ἤϯצ ȴЄ ϱẃ ȲWDM6Ԝד ứ Ӑϱế

WSM6֝דȲ ֯ ​ᾼ иȲ Ϡ╥ ȲWDM6ᾼ auto-conversionế

accretion╥ ᴕCohard and Pinty(2000)ȴѩ WSM6ȲWDM6Њ​ юѹ о

 Ὼᾼ‐ Ὑ ȴWDM6ѻ ᾼ ╥֯ṿӣ֥ ᾼ ϯȲ

​ ẁ ֥ ᾼ​ ЄЊLim and Hong (2009) 

3.3 .4 MOR 

ὑMorrison et al.Ɏ2005)ᾪӐԛҒϤ ֥ѩȳ І ᾼ ᾬ

ᴖכȲᴖצ ᾼⱢᾬ Ɫ ᴕJr et al.Ɏ1998)ПѠᾎȴ​Ѭȳ ế

Ԝᾼ Õ=0Ȳ֪ױ ṷ Іᾼ иӁᵧ MarshallïPalmerᶮהиӁȲ Ѭᾼ

и, Õ╥ Martin et al.(1994)МἬ ҏ Ἤ∂ӴȲẔ ế І

צ ȴ ֵ оҬצ иѬ І╥ ᾼ ứȲᴖMOR╥Ϛ ᶙ

ᾼ ᾬ оȲ֯ ȳԜȳ​ȳ ȳ צ ᾼ ứȴ 
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оΦп ׁשṅѠᾎ 

֝оѠᾎ Ӑ Ἐֽе3.5הȲѻ ╥ᵓӣ ￼ה ẦѠ (B)

(R)Ἤ Пכ K(Kalman Gain)Innovation ώ ἒὢ )

Ɫиέ Increment(ὢ ὢ)ȴὢȳὢ ώиᵑⱢиέ ȳ￼ ѿц

ȴ 

                    8 8ʦ ἕÙ ἒ8                      σȢυ 

                       ἕʦἌἒ ἒἌἒʞἠ                       σȢφ 

      Ἄʦ В 8 8 8 8                  σȢχ   

еה 3.6 Ҡ῀ ￼ה ẦѠ (B)֯ (K)М᷊ Ϛ ṔᴥȲḟứ

ẔЄЊц ȴӦṆ ҏП￼ ד ἤ(B)ẓצ☼ דṼἤȲד ὑ

￼ ẦѠ Ḇẓᾬ ȲѹҠᵓӣӻד Ӕ Мḥצᾼ Ȳ

ṷ ἤṿ Ṇ ֝о Є ӣ֯ ☼ѐ⇔ᾼщ ṅМȴ8ⱢṆשׁ ӂᶁȲ

NⱢЛ֝Ṇ כ (­[OJPJȼȼJl)ȴ 

ѝ М Є ȳѩ ֢ ᾬ оᾼ￼ ẦѠ ȴ ￼

ẦѠ и Ѡכ ц ד … Ẓ иẃ Ȳиᵑ ᵮןѿц

ḟứἤᾼצ ȴ 

оΦпΦмѠ  

Ѡ ⱢṆ ⇔Ȳ („ )ᾼӂѠⱢѠ („)ȴеֽהϯ 

                         ʎ ʦ 
ρ

. ρ
8 8               σȢψ 
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NⱢЛ֝Ṇ כ (­[OJPJQJRJ>ȼȼ>Jl) ,  Ѡ ӣѿ ￼ ПЛ ứἤȲ

Ѡ ЄЊ иέ Ȳ Ѡ ЊȲῶӱṆ П ЊȲ֝оṆ ᾎ

צ ᵓӣ ȴ 

оΦпΦнד …  

 ֯֝о Ȳ ￼ ẦѠ Пד ἤ ȲеהⱢ 

      Ὁὶὶέὶ ὧέὶὶὩὰὥὸὭέὲ 
В ὼ ὼӶώ ώ

В ὼ ὼӶВ ώ ώ
            σȢω 

Xʦ͓ ȲⱢᴞד ȷ ͒ ͓ȲⱢӻד ȴ ד … ☼צ Ṽד

ἤȲ֪ױ ֥ӣ֯ ѹ‍ ἤᾼ ☼Ṇ МȲᴖ ӻד ҠѿᵓӣҠ ẞᾼ

Ӕ ᾼ Ȳ֯ П∟ᾼ ֢ ᾬ Пӻד

ἤȴ 
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ҳ  : Ὠ  

Ӑ Ԓ ᵓӣ Ϛᾼḟứἤ ѩ ҳ ᾬ оȲѻ ᾃ֯Ѭ

І ȳ ⇔иӁȲ ᵓӣṆ ḟứἤ П ╥ᵡ֯

☼ Ь ӴȲѹכ ϚḔ ☼ ֢ ᾬ оЛ֝ ȲѿцἬ ᾼכ

Ȳ Ѡ ѿц ד ȴ 

4.1 ᵓӣḟứἤ Л֝ о ֝ 

4.1 .1 Ṇ ​ 

Єּ0300~0200֯פ UTCȲ ᴎЍ Ởҏ 40dBzѿϱ ֫ᾌȲ

Ȳ ☼Ṇ ἏҖ Ȳכ )∟‹UTC 0500 06/16֯פּ 4.1)ȴ

Є֫ᾌ֥כ ( 4.1)Ҡ῀ȲMOR֯ ⇔ц ϱὙ ὑẔ҃ ȲиӁ

Ϸ ȲWDM6⁄╥֫ᾌ ȳиӁ ЊȲGCE⁄╥ҳ МṆ

ᶶ ȴ ὨҠ ᵬ֣Ѝ ( 4.2)Ȳ ֥ Ӣ֯Ѝ  Ὼ( 4.3)Ȳ

ױ ╥Ӧ ֮ᶮӻФᵂӣἬ Ȳҳ ​ֵ М֯Ѝ Ȳ0200 

UTC~0800UTC Є ​Ҡ ẞ 150mm Ὠ֯ ϱ ЛЄ(

4.4)ȲṆ Ѡ֣ ╥ ȳḟứἤ Ἠ╥Ṇ ╥֣Җ ȳ

ȴ 

4.1 .2 ֢ ₣᾿ о 

֫ᾌӦ​ȳ ȳ ᾼч ἬԚ֝ Ȳכ ậṆ ȳ ​ ֵ

 ( 4.4Ѡ )Ȳ ֫ᾌȳ ֥ѩ ȳ ⇔ оȴ ( 4.5)֫
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ᾌ ȳ ⇔ оȲṆ Ӣ֯0500 UTCҿҢȲ֯ҳ оМ Ҡѿ

֯׀5еṭҿҢ֯פẞЄּכ Є Ȳצ о ᾼ ȲẔМGCEױ ЛὙ

ȴ֫ᾌ ⇔Ѡ ȲMORצ ᾼ֫ᾌȲWDM6ⱢἬצ М ȲGCE⁄╥

֯ ⇔╥ ᾼȴҫҵ WSM6ế WDM6דצᴿᾼ ứȲᵀ ᾼ

WDM6֫ ᾌѩ ᾼWSM6−ֵȴⱢϠḆ ϚḔϠ ṷ ᾬ оᾼ

ἤцẔ Ӣ ֪Ȳиᵑ ֢ Ѭ ІП ֥ѩц І П ֝ȴ 

4.6МȲ ֝ ậ 4.4МṆ Ȳױ ҔᵶϮ ế֫ᾌ ᾿

ד ᾼ :​ȳ ц ᾼ ֥ѩȴ ᾼ ⇔Єּפ ὑ5~6еṭҿҢȲ

֯ ⇔ϱ ѩ ԛ ϚṷȲ Ӣ Ϸ Ẕ҃Ẓ Ȳи

Ӂ ᵅᾼ╥​Ȳ֮ ᴟ ⇔4~5еṭҿҢѻ ╥​ȴ֯ ⇔5еṭϱϯצ

Є ᾼ​Ѭế ֝ ׀ Ȳ֯ױ ⇔ԜѬ ֥ ᾌЄ֫צ ҏ ȲἬѿ֯ 4.5

Ҡѿכẞ о ֫ᾌ Єᾼ ȴᴖ֯ МȲϷױצ Ȳ֪Ɫ֯ ⇔

 Ὼ֝ דԜױȲ֪֯׀ԜцѬᾼצ Іҵ Ҡ ѬҔ ȲᴖѬᾼ￼֣

ԜЄȲ֪ױ ᾌ֫כ Єᾼ ᶮȴ 

ҳ МȲGCEᾼ ⇔╥ ᾼ( 4.6 a)Ȳױ Ҡѿ ẞ

4.5 aМGCE֫ᾌ ⇔ ȴѩ WDM6 WSM6ȲWSM6ᾼ ѿц

ѩ ֵȲѹ ⇔Ϸ WDM6Ȳ ֪Ҡ ╥WSM6₣᾿ϱс

WDM6 −ֵȲӦẔ֯ Є М(  4.7 c)Ȳ ᾼ₣᾿ Ҡ ᵅ

МᾼѬ ẞ ᾼ ױ֪⇔ ϱכ ᾼ ȴ 

₣᾿ϱс ( 4.7 a~d)МȲ 4.4Ѡ вП₣᾿ϱс ӂᶁȲὙ

ᾼ╥ WDM6 ȲMOR֯ Мᵅ ȲWSM6⁄╥ ϱс

ЄȲᴖ֯ϯ ( 4.7 e~g)Ȳ 4.4Ѡ вП₣᾿ϯ ӂᶁȲ

ӱ WDM6 Ȳ Ҡ WDM6ɑ ⇔ ᵅȲ ϩ Њצ ȴ֯
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Lim and Hong (2009)Мѩ WDM6ếWSM6Ȳ ẞWDM6ѩ WSM6צ

ᾼϱс ц ᾼϯ Ȳᴖ֯(Morrison et al. 2009)ᾼ М ӱȲ Є

ᾼ​ כ ⇔ ᵅȳ ϩ ЊȲ ₣᾿ϱс ᵅȴ֯Ӑ М

Ϸצ ᴿᾼ ἤȲ 4.7 bȳcМWSM6₣᾿ϱс Ὑ ЄὑWDM6Ȳᴖ 4.7 

fȳg ӱ₣᾿ϯ ֯Мᵅ ⁯╥ WDM6 Ȳ ֪Ҡ Ɫ WDM6֯

Мᵅ ​ᾼ ȳ ⇔ ᵅ Ẕϯ WSM6 ( ⇔ế​

ד ֯ 4.2Мҁ )ȴ 

4.1.3​ І  

4.8ȳ4.9ậ 4.4МṆ Ȳ  4.8 aȳbⱢ ᾼGCEȳWSM6Ȳ

֪ⱢẔ ╥ỆứᾼȲἬѿ​ц ᾼ І иӁ ֥ѩ‍ )ᴿד

4.6 aȳb)Ȳ֯ױẒ оМ​ᾼ Ɫ8*ρπȳ Ɫ4*ρπȴ

Л֝П ֯ ᾼ ứȲGCE ᾼ Ɫ 1.6*ρπȲᴖ WSM6

⇔ оᴖḂ 2*ρπ*exp[0.12*(T0-T)]Ȳ֪ױҠѿ WSM6ᾼ І

⇔ϱсȳ ⇔ϯ צ Ғᾼ ȴ 

 4.8 cȳdⱢ ᾼWDM6ȳMORȴWDM6​Ɫ Ȳ​ᾼ І

ד ὑẔ҃Ϯ Є‍ ֵȲᴖԜד ứ WSM6֝דȲ֪ױ ᾼ

Ϸ ⇔ оȲ І Ϸצ ⇔ Ғᾼ ᶮȴMOR​ȳ ế ╥

Ȳ​ᾼ ІиӁ ᶮế֝ ╥ ᾼWDM6דѩȲ Ϡ ϱЊ ֵȲ

иӁ ᶮϷЛ֝דȲMOR​ Ὑ Ӧᵅ Ἇ (  4.8 d)Ȳױ

֯Ẕ҃ оМ ЛὙ ȴ 

ȳԜ ֥ѩ иӁֽ(  4.9)Ȳ Ϛ ỞиӁ ⇔֯ẒеṭҿҢȲ

Ṇ Ở Ȳ ⇔ Ὃ ẞХеṭҿҢȲԜᾼ ⁄ѩ Ȳ֯֫ᾌ
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ᴟ ᾼ ⇔П∟ИצὙ  ȴѩ Л֝ оȲWDM6 ẞЄ ​ѬȲ

צ ֵᾼ ֥ѩȷԜ⁄╥ GCEצ Є ȲWSM6ế WDM6ᾼԜ ϱ

ד ὑẔ҃ о╥ ᾼȲMOR⁄╥ ⇔ Ȳ ҏ ֯ϫϡᴟϫϮ

еṭҿҢȴ 

4.2 Ṇ ῶ  

ױ ѻ иέᾼצѿϯϮ  :  

1.  ›Ϛ иέ Ҕᵶ ☼ц ᾭ Ȳױ ᵑ ᾃ֯ ☼ ȴ 

2.  ›Ϛ ϠЛ֝ о֯Л֝ ᾬ Л֝ᾼῶצ Ȳױ   

    ṷד П ֯Л֝ оМἬ ᾼכ ȴ 

3.  ֪ⱢѠ ѿц ד … ╥ѿṆ ӂᶁⱢ Ἤ ҏȲ֪ױԒ   

   Ṇ ӂᶁᾼῶ ȲԛẃϷҠ Ԓ›Ἤ ἤ╥ᵡ֯Ṇ ӂᶁМЬ 

 ȴ֯׀   

4.2.1 Ṇ ӂᶁᾭ цѩ  

4.10 a~4.10 eиᵑⱢ֫ᾌȳ ​ȳ​Ѭ ֥ѩȳẒᴏ ⇔ц​Ѭ

ȴ ԒȲ 4.10 a ҳ о ϮϫdBzᾼ Ȳ ᴿὑԒ› ẞ

ὨȲ MORצ ֫ᾌȳWDM6֫ ᾌ ЊȲᴖ MOR֫ ᾌЄᵀ֯ 4.10 

c (Хеṭѿϯ​Ѭ ֥ѩПӂᶁ)МȲMOR⁯╥ Њȴ MOR​Ѭ ֥ѩ

ЊȲ֯ 4.10 b ​М⁯ϭ╥ ЄȲᴖ ֥ѩ ֵᾼWDM6 ​чᴖ юȲ

4.10 dẒᴏ ⇔⁄╥ ​ ֵᾼMOR Ȳ ​ юᾼWDM6 ᵅȴ֯ױ

Ḇ Ϥ ֢ о ᾬ цẔ ​ ⇔ᾼ ȴ 
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ϯẃиέ М֯ ☼ ( 4.10ȳ 4.13ᴟ 4.20)Ȳ иṆ Ѡ

ᾎֽϯ:иᵑ ҳ о ᴩϮϫг כ ПṆ Ȳ 4.11ế 4.12иᵑ

ⱢPMѠᾎ ∟П֫ᾌц ​ (PMѠᾎ Ὑ֯  )ȴ 4.12ɔӣSteiner 

et al.(1995)ҏᾼѠᾎứ ☼ц ᾭ Ȳ ᴥⱢ ☼ ȳ Ɫ ☼ ȳ

╥ ᾭ ȲMORᾼ ☼ ȳ ☼ Ὑ иӁ ȲWSM6װПȲWDM6ế

GCE⁄╥ юȴ ϯẃ ᴩᾼṆ иέἬ ậ Ɫ0445 UTCᴟ0515 UTCȲ

ṳѹ֯Ṇ ӂᶁМᾼ BѠ ( 4.12)в ậ₣᾿ ›ᴍиПϫᾼ (Ԛϟϫϟ

)Ȳ֯ ṷ ֣ὧȳᴫἋᴼХϫϚеṭậϚὧᴫѠ֣П₣᾿ Ȳṳ ṷ

ậӂᶁȲ ☼ ϱс ☼ ֢ ᾼӂᶁᾭ Ȳ ֢ о֯

П ☼ ӂᶁϯᾼᾭ ȴ  

4.13Ɫ֢ о ☼ ֫ᾌᾼӂᶁᾭ Ȳ ᴿὑ Ϛ Ὠ:MOR֯

Мᵅ ֫ᾌ ȳWDM6 ȲGCE ⇔ ȴ֯ ֥ѩ и⁄╥WDM6צ

ֵᾼ​ȳMOR юᾼ​ȲGCE֯ צ ֵᾼ Ȳᴖ ẞ GCE

֫ᾌ ( 4.14)ȴ 

4.15Ȳ֯ ☼ GCEצ ֵᾼ ếԜ ֥ѩȲMORԜᾼиӁ֯ ⇔ϱ

╥ ᾼȴѩ WSM6ế WDM6Ȳ П WDM6 ֥ѩ֯ᵅ ֵȲ֯

Ԝד І⁄╥WSM6ЄϚṷȴ 

4.2.2 ֫ᾌȳ ֥ѩȳ​ ᴟ ​П … 

4.13ȳ 4.14МȲ֫ᾌ ᾼMORȲ​ ֥ѩ⁯╥ юᾼȳWDM6֫ ᾌ

ᵀ​ ֥ѩ⁯ ֵȲⱢϠ ֪Ȳ ῀ ֫ᾌ ֥ѩ …ȴ Мה

֫ᾌѠᾎ: 
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ὤȟ ȿ ȿ
ɤ ὃ‌ ὄ‌ ςὅ‌ ‌           (4.1)  

Ӧױе(4.1)הҠ῀֫ᾌZ ֥ѩήכӔѩȳ ὔȟכчѩȴ

ếѩ ЄῶӱЄ Мצ ֵ Ѭ Ȳ Є⁄ῶӱ ᴯ М Іᾼ

ֵȲ֯֝ד ֥ѩ ᾓϯȲ І ֵ҅ῶ І Њȳ ᵅ⁄ І

ЄȲἬѿ֯֝ד ֥ѩПϯ Ҡצ╥ ҏЛ֝ЄЊᾼ֫ᾌȲ ֫ᾌЛҠ

Ҭכ ֥ѩȲ ֝ ᴕ ᾼ ȴ 

І .ÔÒ  ⱢהӔѩȲеכ

                ὔ ὔὈὩ ὨὈ ὔ
ῲ‘ ρ

ɤ
               τȢς 

4.16 І Ȳ ᾼ GCEế WSM6֪Ɫ ỆứἬѿ І

иӁ ֥ѩ ᴿ( 4.14)ȲᴖWSM6ȳWDM6ᾼ ȲֽԒ› ẞ ⇔Ḃ

Ẕ Ȳ֪ױ ᾼІ צ ⇔ Ғ ᶮȴѩ оѠ М

​ І ֯ ☼ ᾼῶ ȲWDM6צ Є ᾼ​ І Ȳᴖ֝ ╥

ᾼ MOR​ WDM6ю−ֵȲᴖ Ϸ╥ MOR​ ֥ѩ ю֫ᾌ

ЄȳWDM6​ ֥ѩ ֵᴖ֫ᾌ Њᾼ ֪ȴ 

 ᵓӣеה:  

                        Ὀ  
φz 1Òzʍ

.ÔÒzʌz ʍ
                  τȢσ 

Rain drop meanïmass diameter(Ὀ )Ҡᴷ ҏ​ ЄЊȲʍⱢῈ ⇔ȳ

ʍ╥Ѭᾼ ⇔ȴӦе4.3)ה )Ҡ῀Ȳ ֥ѩ ֵ І ЄȲ І ֵ І
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ЊȲ֪ ױ Л֝ ᾬ оᾼ​ ֥ѩц І Ȳ ӢЛ֝ЄЊᾼ​ ȴ

4.17 cȳdМȲ Є​ ֵиӁ֯ᵅ ȲױиӁ ᶮ ֥ Ȳ ẃ

WDM6 Ӣ ֵᾼ​ Ȳ֪ױ​ Њ ȲMOR⁄╥דчȲ юᾼ​

ᴖ Єȴ Lee et al. (2019)ׁשṅȲ МҶЄ Пϫד Joss-Waldvogel 

Disdrometer (JWD)Ȳ Ὠ ӱ ủ ☼Ṇ ᾼӂᶁὈ Ɫ 1.75mmȳ

Ɫ0.43Ȳӂᶁ​ ⇔Ɫ3.85( log(1/ά άά  )ȳ Ɫ0.48 (see their Table5)Ȳ

ᴖ֯ӐׁשṅМMORᾼ​ ЄЊ Ὼױ ὨȲ֯ױ MOR ☼

ȳ ה ᵅ ⇔ПὈ ​Ɫ1.2mmҿҢȲᴖ֯פּ ⇔MOR⁄╥ ᵅὑ Ȳ

чᴖWDM6 Ὼ Ὠ( 4.16)ȴ 

RutledgeếHobbs(1983)Ἤ ҏѠᾎ 

     02%60 
ς“ὔ Ὓ ρ

ὃ  ὄ

πȢχψ

‗
πȢσρ

ὥ”
‘

‗
ῲσ

”

”

Ȣ

          τȢτ 

SⱢ Ѭ ế , ὃȳὄ╥ế Ὅצ ᾼ ϩ Ȳ‘ … ȴҠ῀

֯ה ​Ἤ ᾼכ ᵐ⁯ ᴕ ὔ ȲϷ ╥ Ȳὔ Єȳ​

Њ ὔ Ȳ֪ױ​ ЊᾼWDM6דצ Єᾼ​ ᵐ⁯( 4.18 c)ȴ

ѩ ҳ о ​Ȳ 4.10 bⱢ ​ оȲӦֵᴟюиᵑ╥

MORȳWSM6ȳGCEȳWDM6Ȳᴖ ​ ֵᾼMORצ Єᾼ​ ṿ

​ ὔ ᴟ֮ ȲWDM6​ ֵѹЊ ὔ Ȳ֪ױ ​ ╥

ҳ М Њᾼȴ 

4.19ế 4.20_1иᵑⱢ₣᾿ϱс ц Ғ ȲὙ Ẓ῏П ֯׀

ד ᾼדᴿἤȲ ֪Ɫ ᾼϱс ᵅ Ѭ ẞ Ȳ ҒϠԜד І

ѹҒ ֢ І ᴯד Ȳ Ԝד ІПὍ ḆⱢὙ Ȳ ᴖ Ғ Ғ

Ȳṿ Є ắẞҒ ᴖҒ ₣᾿ϱс ȴ֯ 4.20_1Мᾼ Ғ Ȳ╥
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ἬצᾼὍ : condensation of qc (QCCON)ȳdeposition of qg (QGDEP)ȳ

deposition of qs (QSDEP)ȳdeposition of qi (QIDEP)ѿцᵮ evaporation of qc 

(QCEVP)ȳevaporation of qr (QREVP)ȳmelting of qs (QSMLT)ȳmelting of qg 

(QGMLT)ȳsublimation of qg (QGSUB)ȳsublimation of qs (QSSUB)ȳsublimation 

of qi (QISUB)ᾼ ếȲᴖ 4.20_2⁄╥ Ẓױ и Ғ ȴ4.20_2 (a)~(d)Ɫ

Ғ ȲẔМWSM6 ЄȲᴖ4.20_2 (e)~(h)Ɫᵮ ȲẔМWSM6 ЊȲ

1МWSM6_4.20ױ֪ П Ғ ᵧ ЄȲ Пҵױ ֢ оЛ֝

ᾼ ứȲ ṷ ϩ ᾼ֝דЛыצ Ȳ֯GCE֯Л ╥Ὅ (4.20_2 a)Ἠᵮ

(4.20_2 e)МȲ֯ 5еṭѿц 8.5еṭ Ὼצ Єᾼ Ȳױ ╥ GCE

МИ ᾼẞȲ֯Ẕ҃ оМṳḥצȲGCEП 5еṭᾼҒ цᵮ П

иᵑ╥ӦQCCONếQGMLTȳQREVPכȲ GCEП8.5еṭᾼҒ цᵮ

иᵑ╥ӦQIDEPếQCEVPכȴWSM6ếWDM6Мᵅ Пᵐ⁯

Ὑ ȲẔМϭ╥WDM6 Ȳ Ҡ WDM6​ ЄЊ Њ QREVP

צ ȴ 

4.2.3  ⇔ѩ  

4.21ế 4.22иᵑ╥֢ оϚеṭцϮеṭ ⇔П ⇔ѩ Ȳӭᾼ֯

ѩ ֢ о ⇔ȴ ὨҠ῀ȲWDM6 ֯ϚеἨϮеṭ ╥ ᵅᾼ( 4.21 

cế 4.22 c)ȲᴖMOR⁄╥ ᾼ( 4.21 dế 4.22 d)ȴ 

Ӧ›Ϛ ẞ​ᾼ ᵐ⁯еה(е4.4ה)Ҡ῀ Ȳ​ ЄЊ Ẕ Ȳ

ᴖ֯ױ М ⇔Хеṭѿϯѿ​Ựֵ( 4.14)ȲӦ 4.17 cҠ῀ WDM6​

ЄЊ ЊȳMOR​ Є( 4.17 d)Ȳ ẞ ⇔ᾼῶ ȲWDM6╥Ἤצ

М ⇔ ᵅȲᴖMOR ⇔ ȴ 
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4.3  Ѡ Ὠ  

Ѡ ȲиⱢẒ ȲϚ╥ ậ 4.12МAѠ вȲ

ẔѠ ȳ₣᾿Ѡ֣ϱиӁȲAѠ Ҕᵶ Ȳ Ṇ ϱ

ᾼ ȴҫϚ ╥ ậ 4.12МBѠ Ȳ ạ ậ ֯ ☼ вȲᵓӣ

Ṇ ӂᶁ╚ ϱс ᾼ Ȳ֯ἬצṆ כ М֝ ѿױ ֣ὧȳᴫѠ֣Ἃᴼ

ХϫϚеṭйϚὧᴫѠ֣ⱢX Ȳ₣᾿Ѡ֣ⱢY ᾼ Ȳṳ ױ Ѡ ȴ

ϱ Ἤ ậ ₣᾿ ᾼ Ԛצϟϫϟ (›ᴍиПϫ ₣᾿ϱс )Ȳṳѹ

ḕϚ ẔṆ ᾼѠ Ȳ֪ױ ϟϫϟצ Ѡ Ȳ ∟ậӂᶁȲ

ẞ Ṇ ֯ ϱс ☼ П ϱѠ ᾭ Ȳṳ 0445 UTCᴟ0515 UTCȲ

ϱ ᵂȲᶦ ᵧ р∟ ☼ ֯ כ☼ ц ☼ ᾼѠ ᾓȴ 

4.23 Ɫ ☼ ᾼ֫ᾌѠ Ȳ Ɫ֫ᾌѠ Ȳ Ɫ₣᾿ ⇔ȲҠ

ѿ Л֝ о֯Л֝ ⇔Ȳ ה ⇔ ЛыϚ ȲẂֽᵅ WDM6

Ѡ ᵑЄȲ ⁯╥GCE ЄȲἨMOR֯ о צ ЄᾼЛ ứἤ Ȳױ

ᶦ Ҡѿ иέЛ֝Ѭ Іц ϩȳ ϩѠ ῶ ẃ 4.23 Ἤכẞᾼ

ȴ  

4.2 4ȳ 4.2 6ȳ 4.2 8Ɫ Ϛ ᾼ Ȳᵧ ₣᾿ ⇔ϱ

֢ ᾼ оȴ  4.2 5ȳ 4.2 7ȳ 4.2 9ȳ 4. 30ȳ 4. 31ȳ 4. 32

╥ ϡ Ȳ ᾃ֯ כ☼ ᾼ ☼ ȴ 

4.3.1 ᾬ Ѡ  

4. 24ⱢѬ ȳ ếԜП ֥ѩᾼѠ оȴѬ ֥ѩѠ ֯›

֯ ⇔ϝеṭҿҢצ Єᾼ Ȳ Ṇ ẞכ ế ​ȲѬ ֥ѩѠ и
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Ӂ ϯצ⇔ ᾼ Ȳᴖ֢ о ЛЄȴ ֥ѩᾼѠ Ȳ Ἁ

ϱсᴟХеṭҿҢȲ֯ ☼Ṇ ẞכ П∟ Ở Ȳ ᾼWDM6צ

Єᾼ ֥ѩѠ ȲяẔ֯› ᵅ Ȳᴖ ẞ 4.9М WDM6צ ֵᾼ

֥ѩѹ Ἁ ᴟМ ᾼ Ϸ Ὑ ȴ ᴿԜ ֥ѩиӁȲԜ

ᾼѠ МGCEЄȲᴖMORиӁᴯ ╥ ᾼȲWSM6ếWDM6ԜᾼѠ

иӁ╥ ᴿᾼȴ֝ ╥Ѭ ȳ ếԜПѠ Ȳ 4.25Ɫ ☼ ᾼ ᶮȲѬ

Ѡ ֯ ☼ иӁ ⇔ֵ֯ϮеṭҿҢȲṆ Ѭ Ѡ М֯ᵅ ȴ

ԜᾼѠ ȲGCE֯Ṇ צ Єᾼ ἤȲMOR⁄╥иӁ ȴ 

​ȳ ȳ ֥ѩѠ иӁֽ 4.26Ȳ​ ֥ѩѠ Єᾼ╥WDM6Ȳ

ẞWDM6צ ֵᾼ​ ֥ѩȲGCE֪Ɫ צ ֵᾼ )֯׀ 4.6)

צ Єᾼ Ѡ ȴ Ѡ ế​ Ȳѹᴯ ȲGCEצ

Єᾼ ֥ѩѠ ȴ 4.27М ☼ ᾼ​ȳ ȳ ᴿὑ 4.26 ᾓȴ

ẃ ȲGCEԜד І ֥ѩ֯Ṇ ᾼ ⇔ ЄϚṷȲᴖ​ ֥ѩѠ

⁄╥WDM6 ЄȲ֪ⱢẔצ ֵᾼ​ ֥ѩȴѩ WSM6ȳWDM6ȲWSM6

ế WDM6иᵑ֯ ếצ​ ֵᾼЛ ứἤȲӦὑ WDM6֯ ​Ɫ ױ֪

Ѡ Ҡ ЄȲᴖ֯Ԓ› ẞWSM6ϱс WDM6 −ֵȲ֪ױ Ẕכ

ֵȲᴖ ֯Ԝד МЛ ứἤ Єȴ 

І Ѡ ֽ 4.28ế 4.29МȲ П Ẕ І Ѡ

(WDM6ȸrainȳMOR : rain, snow, graupel)ȲѠ ế І иӁӐṝ

ᴿȲMOR​ І Ѡ Ἁ ᴟМ ȲWDM6֯ ⇔ϱ

о ЛὙ (4.28 a)Ȳᴖ֯ ☼ MOR​ І Ѡ иӁ WDM6ȴ

Ѡ Ȳ֪ⱢWDM6Ӑṝ І ѩẔ҃ оЄϱ ֵȲἬѿѠ ֝

ѩMORЄȴ 
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4.3.2 ϩ ц ϩ Ѡ  

4.30╥ ☼ ₣᾿ Ѡ ȲWDM6֪Ɫ ╥Ἤצ оМ ЊᾼȲ

ẔѠױ֪ Ϸ╥ ЊȲWSM6₣᾿ Ȳ ⇔Ϸ Єȴ ᾬ МȲ

ϩế ϩϱ דЄᾼ−צ ἤȲѠ Ϸ╥ȴ 4.31 ӱМ Є Ὅ

Ѡ иӁế₣᾿ Ѡ −צ ᾼדᴿἤȴ₣᾿ Ғ ὍȲ ᴖ ẞ

⇔Ȳ ⇔Ѡ ( 4.32)֯ ₣᾿ Ѡ Єᾼ Ϸצ ЄᾼЛ ứἤȲ Ὑ

ϱс Ȳ ϩц ϩ ╥ Фד ᾼȴ 

 

иέ ᾬ МȲЛ֝Ѭ Іц ϩѠ ᶮȲ֫ẞ 4.23ȴ֪

Ɫ֯ЄּפХеṭѿϯ֫ᾌֵӦ​ѻ ȲWDM6ӐṝⱢ Ȳ֯​ ֥ѩц​

⇔ ╥ Єᾼ( 4.27ế 4.29)Ȳ֪ױᵅ ֫ᾌѠ ╥Ἤצ оМ

Єᾼȴᴖ֯ о  ῺȲMORצϚЄ Ȳ֯׀ 4.29ӱMOR֯ ⇔Хе

ṭ Ὼ​ І ЄᾼѠ−צ Ȳ֪ ױ ֫ᾌ֯ ⇔ХеṭҿҢצ−ЄᾼЛ

ứἤȴ֯ ֫ᾌѠ Єᾼ╥GCEȲӦ› иέҠ ẞGCE ᾼԜד

І ֵѹѠ ЄἬ ȴ ᵑѩ WSM6ếWDM6ȲWDM6Ӧὑ ​ Ɫ

Ȳ֪ ᵅ֯ױ ⇔ ᾼWSM6Єȴ ╥WSM6Ѡ ѩWDM6

ЄȲ ֪Ҡ ╥ WSM6֪Ɫ ᾼϱс Ȳ֪ױ ֵᾼ​ ẞ

Є Ȳɲ כ ֵᾼԜד ІȲᴖЄ ᾼԜד Іц ᾼ₣᾿ WSM6֯

Є М֫ᾌ Л ứἤѩWDM6Єȴ 

 

4.3.3  Ѭӂ ⇔Ѡ  

Ɫ ᵍ֮ᶮ Ἤ ᾼכ ⇔ Ȳ 1.5еṭ ⇔ПѬӂ ⇔Ѡ

( 4.34)ȲӦὑὧ ҵ ᵬ⁮ ( 4.36)Ȳ֪ױү ὧ П֮ᶮϯ Єᾼ ⇔

Ѡ Ҡ ╥Ӧ ПЛứἤі Ȳᴖ֯ ☼Ṇ  ῺȲҠѿ ⇔Ѡ ֯ ☼Ṇ



23 

 

Ѡ֣ϯ ЄȲҠ ֪╥֯ ᵅ ᾼЄ МȲắẞ ֮ᶮ‭ Ȳṿ

Ѝ −ЊȲ ᴖ ᵅכ П ⇔Л ứἤ֯Ѝ Ϸ Њȴ 4.35Ɫ4е

ṭП ⇔Ѡ Ȳ4еṭ ⇔Б‍ Ὼ ☼Ṇ їȲѹ Лắ֮ᶮ ȲҠѿ

ẞכ ⇔Л ứἤ ☼Ṇ ᴯ Ϛ ȴ 

4.3.4  Ѭӂ Ѡ  

4.36 ⱢѬӂ ȲҠѿכẞὧ ҵ иⱢ⁮ Ȳᴖ֯ү Җ ҵ Ϛצ

ᶝ ☼Ȳ֯ ☼Ṇ ᴯ ֪Ɫᴯὑ￼ ױ֪ Њѹ ֣ ὧᴫѠ

֣ȴ ϯẃ ֣иⱢὧᴫи (U)ȳ⁮Җи (V) ẔѠ ȴ 

Ԓ╥ 4.37ⱢV ֣ПѠ ȲὙ ᾼҠѿ ẞ 4.35Ἤ ẞὧ ֮ᶮ

ϯ ᾼ ⇔Ѡ Ȳ Ϡ4.3.3МП (ү ὧ П֮ᶮϯ Єᾼ ⇔Ѡ Ҡ

╥Ӧ ПЛứἤі )Ȳᴖ֯ 4.38МⱢU ֣ПѠ Ȳ֯ᴫ ү Ҡѿכẞ

Ὑצ ᾼЛ ứἤȲ֯ױ ẞ 4.36 Ѭӂ ȲⱢ⁮ ֣ắẞ֮ᶮ

ὧד Ȳ ᴖ Лכ ứἤ֯ױ ȴ 

ד 4.4 ἤ 

ậ 4.12 М BѠ Ȳ ạ ậ ֯ ☼ вȲᵓӣṆ ӂᶁ╚

ϱс ᾼ Ȳ֯ἬצṆ כ М֝ ѿ ṷ ֣ὧȳᴫѠ֣ἋᴼХϫеṭй

ϚὧᴫѠ֣ⱢX Ȳ₣᾿Ѡ֣Ɫ Y ᾼ ȲṳậӂᶁȲ ∟ᵓӣе(3.9)ה  

 

ҏ ד ἤȴױ Ѡהᶦ Ҡѿӣ֢Ṇ כ ☼ӂ ᶁᾭ Ȳ

☼ ֢ П ᾼ ד ἤȴ 

Мѻ ֯ ᴕ ҒϤ֫ᾌế₣᾿ ᾼ ∟Ȳ ὑ ☼

ȴɲӦὑ֫ᾌ╥​ȳ ế ᴖẃȲ Ϯ ІиӁ ⇔Л Ȳ֝

֯Л֝ ⇔ѻ ֫ᾌᾼ ד ᾼ ϷЛ֝Ȳᵅ ѻ ếד​ ȲМ ⁄╥
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Ȳ֪ױ Ϡ֫ᾌᾼᴞד Ȳ ֫ᾌế​ ֥ѩȳ ֥ѩȳ

֥ѩȳ І ᾼӻד ȴ 

4.4 .1 ֫ᾌП ד ἤ 

Ԓ ֫ᾌ ֫ᾌᾼᴞד ( 4.39)Ȳ֯ ᴕ ( ⇔ϥеṭ) ῺȲҳ

֫ᾌ −צ ᾼᴞד ȲT ╥֯ ц о ѿϯ֢ оѠᾎП ׀

֯ Ὑ Ȳ ⇔ЄּפϫϚеṭѿϱGCEᾼד ἤ╥ ᾼȲ о ѿϯGCE

ế WDM6ד ἤ ȲяẔ WDM6Єּדפ ἤҬצ 0.3~0.5Ȳᴖ MORиӁ

Ȳѹ֯Хеṭ ῺצϚὙ Л Ȳ ṷ ἤ Њױ֯ ȴ 

4.40 b ӱWSM6֫ᾌếצ​− ᾼד ἤȲ 4.39 bМWSM6֯

ᵅ ᾼד ἤЄὑẔ҃ Ȳᴖד ὑWSM6Ȳ WDM6П֫ᾌ ​ᾼ ד

ἤ ֵ( 4.40 c)Ȳ Ẕ֫ᾌᴞד ֯ХеṭѿϯЊὑWSM6( 4.39 c)Ȳ

֪Ҡ ╥ᵅ ᾼ​Ѭ ᴞ ֥ᶮכȲᴖWDM6 ȳ​╥

Ȳ ȳ​ ЄЊҠѿᴞӦ Ȳ֪ױ МЛ ứἤЄὑ ПWSM6Ȳ

ד ἤ ᵅȲᴖ֯ 4.40 aМȲGCE֫ᾌế​Пӻד ֯ (ϫϡеṭѿ

ϱ)דצ ἤᾼ֯׀Ȳ ֪ⱢGCE֯ ֯׀ ‍ юᾼ​Ȳᴖ ╥Ẕ҃

оМḥצᾼȴ 4.41╥֫ᾌế ᾼ ד Ȳ 4.14͂ Єּפ ⇔г

ᴟϟеṭѿ Ự Ȳֵ֪ Мױ ᾼ֫ᾌᴞד ἤ ֫ᾌế ᾼӻד ἤ

‍ ᴿȴGCE֯ (11еṭѿϱ צ( ֵᾼ ( 4.14 a )Ȳ֪֫ױᾌц

ӻד ֯ צ Єᾼד ἤȴ 

ѩ ( 4.41)Ȳ֫ᾌế ᾼӻד ( 4.42)ȲиӁϭ֯Ḇ ϚṷȴҠѿ

GCE֫ᾌế ᾼ ד ἤ( 4.42 a) Ȳ֪ⱢGCE ֥ѩ( 4.8 a)

Ӑẃ ѩẔ҃ оֵȴ 
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4.43ц 4.44иᵑ╥֫ᾌế ц​ ⇔ᾼӻד Ȳ Ҡѿ

῀MOR֫ ᾌ І צ Єᾼד ἤȴ Ϡ֯ ᴕ  ῺȲ֯ о  ῺȲ

MOR​ ế֫ᾌצὙ ᾼӔד ( 4.43 d)Ȳᴖױ Ҡ ╥ כ 4.39 

dМMOR֫ ᾌᴞד ֯ о  ῺצϚ ᵑ П ȴ 4.45ц 4.46ⱢMOR

ᾼ֫ᾌ ȳ І ᾼӻד Ȳ֯ ϱс Ȳ֫ᾌếԜד І Ϸ

╥ᵧ Ӕד ȴ 

4.4 .2 ₣᾿ П ד ἤ 

4.47ᴟ 4.54Ɫ ế֫ᾌȳ​ȳ ȳ ц І Ȳ ἤ ᴿὑ 4.39

ᴟ 4.46ȴ 4.47МGCEếWDM6ɑ ד ἤ ᵅ╥֪Ɫ₣᾿ ế​ᾼӻ

ד ἤ Ẕ҃ о ( 4.48 aȳc)ȴ ᴿὑ 4.41 aȲGCEᾼ₣᾿ ế ᾼ

ד ֯ Ϸ╥ד ἤ ᾼ( 4.49 a)Ȳᴖ֯ ᾼ иȲӦὑ ᾼиӁ

Ӑ ѩ Ȳ֪ױ 1.42Мד ἤ ᾼ ֯ѩ Ȳ ᴿ 4.42ᾼ

ὨȴMORᾼ₣᾿ ế ȳ І Пӻד ( 4.53ȳ 4.54)γ Ӕד

Ȳῶӱ ᾼϱс ᵅ ᾼѬ І ẞ Ȳ І ᶶ ẞ ⇔ ѿϱȳ

ԜȲᴖ юẔ ֥ Ȳ֪ױ ὔᶮכ ֵ І ȴ 

4.55╥₣᾿ ᾼᴞד ȲWSM6֯ ( 4.30 b)ȲἬѿ֯

4.55 b Пד ἤ ȴ 4.56╥₣᾿ ế Ὅᾼӻד Ȳ֯ ᴕ  

Ὼᾼ₣᾿ ế Ὅד ἤҠ 0.9ѿϱȴѩ 4.55ế 4.56иӁȲẒ

‍ ῺȲד Ὑ ϩế ϩ֯ ☼ ᾼ ᾬ МȲ֝о ế

ᾼ ‍ ᴿȴ 

4.5 έ⇔ѩ  

Brousseau et al. (2011)ѩ Л֝Ὲ έ⇔(9.5ế2.5km)ᾼ Ȳ

Ὠ ӱ έ⇔ ПṆ Л ứἤ Ὑ Ȳ ӴὟ(2017) ѩ Л֝Ὲ
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έ⇔(9ế 3km)Ὠ֝ ӱṿӣ έ⇔ ứᾼṆ ⇔ ȲצᵓὑṆ

֝оȴ ᴖ֯Bolgiani et al.(2018)ῶӱЛ֝ έ⇔ (3ế1еṭ) ṳЛ

ЄȲDuda et al.(2014)ׁשṅМḆ ӱЛ֝ έ⇔(4ế2еṭ)ᾼ Ὠ֯ ϱ

ḥצ ȴ 

 

֯Ӑ ṅМȲϷשׁ 3еṭ έ⇔ế 1еṭ έ⇔ ЛЄȲ 4.57֫

ᾌȳ 4.58ᾼѬ Іȳ 4.60ᾼ₣᾿ϱс ế Ғ ӱЛ֝ έ

⇔ ᴿȲᴖד 4.59ȳ 4.61МᾼѠ ῶ ֯Л֝ έ⇔ Мד −ЊȲ

чᴖѻ ᵑ֯ὑЛ֝ ᾬ о Ȳ ӱЛ֝ о Ҡ ᾼЛ֯׀ ứἤ

ȴᴖ֯ Duda et al.(2014)Ϸ ẞȲṿӣЛ֝ ᾬ оἨ╥ Ϛ ᾬ

о ПṆכ Ἤ ẃᾼ ѩ Ғ έ⇔(4ế2еṭ) ẃ Єȴ 

 

ѿϱ›ϢׁשṅᴟӐ Ὠ Ȳ έ⇔ ȲЛ֝ έ⇔Ἤ ᾼכ

ᴿѾ ẃ Ȳɑ ᵑѻ ╥֯Л֝ оП Ȳ ῶӱ ה ẞ έ⇔ Ȳ

ѻ ᴕ ᾼЛ ứἤẃ ╥ о ᾼכ ה ȴ ᴖ ᾬ М

҉ ֵЛ ứ֪ Ȳ ҏ case dependentᾼ Ȳ֪ױױ Ḇ

ֵᾼׁשṅ ẃ ױ ȴ 

 

4.6 Ѡ ц ד ἤ ֝о  

Ӑׁשṅ Ϡү Җ ☼Ṇ ֯ ☼ ᾼ₣᾿ Ȳɲ ҳ

о ᾼ Ȳ 4.3ᾼѠ ὨҠ῀֯ᵅ Є МWDM6ᾼЛ ứἤ ЄȲ

֪ ϠẔ​╥ Ȳ​ ֥ѩц​ ╥Ἤצ М ЄᾼȲ֪ױѠ

ϷЄȴᴖ Є М⁄╥ GCE֪ⱢԜד І ֵ Л ứἤ ЄȲ֪ױ ֯
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Ṇ МצṿӣױẒ оѠᾎᾼ ȲҠѿ צ ֮ ҒṆ ᾼ ⇔Ȳצ

ᵓὑ ֝о ᾼᵮןȴ 

֯4.4М ד ἤȲ֯ ᴕ  ῺἬצ דצ ᾼד ἤȲ

ᴖ֯ ᴕ ᾼ Ἤצ ᵑȴẂֽ 4.19ᾼ֫ᾌᴞד МȲWSM6

ếMOR֯ ᵅ צ Єᾼד ἤȲᴖWDM6ếGCEד Њ ֵȲ ῶӱ֯

֝о WDM6цGCEᾼ Ӕ ₣᾿ϱиӁҠ ѩ WSM6ȳMOR Ɫᶝ Ȳ

ѬӂиӁϱ⁄╥MORᾼ ד ἤҠѿἋᴼ ȴWDM6ếGCE Ѡ

ЄȲ ὔ Ṇ ֝оṆ ᵮןȲ ᴖẔ ⁯ Ȳ

Ҡױ֪ Ḇֵ ȴ 

ᾃ ᾼ╥֯ оМȲ֪ⱢҠѿ ᴖ І ȳ

ЄЊȲҠѿכẞӐ Ἤ ᾼẒ оѠᾎ(WDM6ȳMOR)Ȳ Ӣᾼ​

₣᾿иӁצ ⇔ ᾼ ( Ὼᵅ ​ Є)Ȳ ѩ Ὼ Ȳѹ

╥ о Мḥצᾼȴ ᴖ֯WDM6ȳMOR​ דצ╥ Є

ᾼ Ȳ֯ ϱ WDM6​ Іֵ‍ ֵȲᴖ֯иӁѠ MOR ☼

צ Ὑ ᵅ Ἇ ᾼ Ȳ ṷ Ẕ֫ᾌЄЊᾼḂ Ȳѹế

​ᾼ ếᵅ Є ⇔Ϸצ−Єᾼ ȲꜙᴟצҠ ҿҢᵐᴃᾼᶮכȳ

⇔Ȳ֪ױ​ ІᾼЄЊȳ ֯☼Ṇ М╥ ד ᾼ ֪Ȳ ᴖ֯ ה

֯׀ −Єᾼ Ȳ Ḇֵ ẃ ᴸȳ Ḃ ṷ оѠᾎȲ

ᴖ֯ӑẃֽὨ ֝о ᾼ о Ȳ ֽᴶ ӣ о Ḇֵᾼ

ȴ 
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Х  :  

рπм  

Ӑׁשṅѩ Ϡҳ ᾬ оῶ ȲиᵑⱢẒ (GCEȳWSM6)ȳ

Ẓ (WDM6ȳMOR)Ȳ Ϥ ֢ Ɫᾬ ȲԚиⱢϮЄ иȲ

Ԓ Ϛ и ᾬ Ӑ Ȳ ϡ и Ѡ Ȳ Ϯ и⁄╥

ד ἤȴ ѿϯ╥ᵓӣ20086דѣ Ϛр∟ ☼ иέ Ṇ Ἤ ẞ

ᾼ : 

ᾬ Ӑ  

Ϛ иԒ ḟứἤ ֢ о ȲҠѿ GCEצ ֵᾼԜ

ד ȲяẔ╥ ếԜȲᴖWDM6⁄╥צ ֵᾼ ​ П Ȳ ╥​Ѭц

Ȳᴖ​ І WDM6צ ֵᾼ​ Іȴᵀ╥֯ о ѿϯȲ֫ᾌ

ᾼ╥MORȳ ᾼ╥WDM6Ȳ ế​ ֥ѩ ὨדчȲᴖ е(4.1)הҠ῀

ױ Ὠᾼ ֪Ɫ І ᾼ ȴGCE ֫ᾌ Ȳ╥֪ⱢẔ֯ צ

ֵ ȳ Ἤ ​ȴכ Ϡ ֫ᾌצ Ȳ ᵐ⁯ȳ ⇔ȳ ​

Ϸצ ȴMOR֫ ᾌ ȳ​ ֥ѩ ЊȲ ֪ⱢẔ​ ЄЊ ЄȲᴖ​ Є

ϭ Ẕ​ ᵐ⁯ Њȳ ⇔ⱢἬצ оМ ЄᾼȲᴖWDM6⁄╥דчᾼ

ᾓȴ 

ѿϱ ὨҠ῀Ȳ ᾼ֫ᾌЛ҅ῶ צ ᾼ ֥ѩȲᴖ І Ϡ

֫ᾌדצ Єᾼ Ȳ Ὅȳ ⇔ȳ ​ דצ ᾼ …ȴ֯כ​

ЄЊиӁ ȲϷҠ ẞ ᾼẒ Ḇ ֥ Ὠ(​ Ὼ֮

юȳ Є)ȲױⱢ оᾼ ȴ 

Ѡ  

 4.23МȲЛ֝ о֯Л֝ ЛϚצ⇔ ᾼ֫ᾌЛ ứἤῶ ȴGCE֪

Ɫצ ֵᾼԜ ІȲ֪ױ ȳ Ѡ Ϸ ЄȲἬѿ Ẕ֫ᾌ֯ צ
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ЄᾼѠ ȴWDM6צ ֵᾼ ​ ֥ѩȲҒϱЄ ᾼ​ Ȳ Ẕ֯כ

​ ЄᾼЛ−צ ứἤȲ֪֫ױᾌ֯Хеṭѿϯצ ЄᾼѠ ȴMOR֯ о

 ῺȲ֫ᾌצ ЄᾼѠ Ȳ ֪╥֪ⱢẔ֯ХеṭҿҢצЄ ᾼ​ І

ᾼЛכ ứἤ( 4.29 b)ȴѩ WSM6ếWDM6ȲWSM6 ֯ᵅ ​ᾼ

Л ứἤḥצ ᾼWDM6ЄȲᵀ╥ӦὑẔ₣᾿ϱс Ȳ ֯

צ ЄᾼѠ Ӣȴ ὨҠ ֫ᾌ ЄЛϚứẔѠ ЄȲяẔ╥

оӇ ᴕ І ᾼЛכ ứἤȴ 

ế ⁬ᶛ 2018⁮ ᾼМѐ⇔ ☼Ṇ ᾼ Ὠѩ Ȳ֯Җ ☼

МȲ֝ MORצ ᾼ֫ᾌȳWDM6֫ ᾌ ȲGCE֯Ԝד Ȳ

Ẕ֯ ᾼЛ ứἤ ЄȳMORМԜᾼ Ẕ҃ ⇔ ȴᴖ

MOR Л ứἤ ЊȲЛ ֯Ӑׁשṅ МMOR֯ 5еṭ ⇔ҿҢצ

ЄᾼѠ Ȳ ֪Ҡ ╥֪Ɫ֯ױ ⇔ ῺצЄ ᾼ І Ἤ֯׀ ȴכ Л

ᾼ╥WSM6ȳWDM6֝ד ᾼѩ Ȳ֯  2018МȲWDM6ếWSM6Ԝד

І ᴿᾼȲᵀ֯Ӑד╥ ṅМשׁ ȲWSM6֪Ɫ₣᾿ ȳ Ғ

WDM6Єȳ Ԝד І ֵȲ Лכ ứἤ Ғȴ 

ד ἤ 

 ֯֫ᾌᴞד МȲ ѻ ╥Ӧ֫ᾌ Ԝד ІПӻד ѻ Ȳᵅ ⁄╥

ế​ӻד צ ȴGCE֪Ɫ Ԝד І ֵȲ֪ױẔ֫ᾌᴞד Ἠ֫ᾌế

Ԝד ІПӻד ἤ Єȴ֯WDM6МȲ֪ⱢẔ ​ Ɫ ȲЛ ứἤ

ЄȲ֪ױẔ֯ᵅ ᾼ ד WSM6Њ( 4.33ȳ4.34)ȴMOR֫ ᾌᴞד

֯ о  Ὼ ЊȲ╥֪ⱢҒϤ֫ᾌ Є ҒẔХеṭҿҢᾼ​ І

( 4.37 b)Ȳᴖ І ֵ ֫ᾌ Њȴ֯ ד ἤᾼ иȲ₣᾿

ᴞד ₣᾿ ế ὍПӻד Ȳ ‍ ᴿȲױẒ …‍

ȴ 
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5-2 ӑẃ  

ṅМȲҬשׁ  (1) Ϡ Ϛ Ȳᴖ ᾬ оҠ ֯Л֝ ȳЛ֮֝  

ἨЛ֝₤ ᾼщ Ṇ МצЛϚ ᾼῶ Ȳ֪ױӑẃ ḆֵЛ֝ ₤П

щ Ṇ ȴ 

(2)  m ᴃ֯ ☼Ṇ М ᷊ Ϛ ṔᴥȲ ☼ᾼ ӢכȲᴖѝ М

ẞ​ ІЄЊȲ Ȳ ᴖ ⇔ȲӐׁשṅМṳӑ ᵐᴃ

ϚḔиέȲᴖױ ᾼḂ ╥ֽᴶ ᵐᴃᾼ ⇔Ȳ╥Ϛ

ᾼ ȴ 

(3)  ᾬ оМȲԜד Л ứἤ Ӑ − Ȳᴖ֯ӭ› ҏП

WRF4МᾼGCE4ȳWSM7 WDM7֯ ὑ ӐПGCEȳWSM6 WDM6

֯ԜדМҒϱԜ Ȳṿ Ԝד Ḇ Ȳ ῴḔ ֢ оП

Ԝדῶ −ЄȲӑẃֽ ṿӣӇ ᴩḆֵ ȴ 
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PM (Probability Matched mean) 

֪ⱢṆ ֯׀ Ȳ֪ױ ᾼṆ ӂᶁȲҠ ᵅᴷ Ȳ

ѝױ֪ МṿӣPMѠᾎ(Ebert 2001.)ẃᴷ ​ȲױѠᾎЛҬ’׀Ṇ ӂᶁᾼ

ȲϷҠѿ Ṇ כ Мҏ ᾼ ȴ ᾎֽϯ: 

3צ Ṇ כ  

1. ậṆ ӂᶁ Ẕ ᶧ 

 

2. ἬצṆ М ᶧṳи Ȳ ẂМ֪ⱢצϮ כ Ȳ֪ױḕϮ Ɫ

Ϛ Ԛ 9 ȴậḕ Мᴯ ҅ῶױ ȴ 

3. ḕ Мᴯ Ṽ ЄЊ ϤḔ ϚМṆ ӂᶁМᾼ ᶧȴ 

Ṇ ӂᶁ ᶧ 
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 2.1  ХиЍ Є֫ᾌ֥כ Ȳ(a)~(l) Єּפ 0230 UTCᴟ 0800       

UTCȲ Єּפ 30и ȴ ᴯ:dBZ 

2.2  0200ᴟ 0800 UTC֮ ​ Ȳ ᴯⱢ mmȲ Ɫצ

П  

 

(a)  ( b)  ( c)  ( d)  

( e)  ( f )  ( g)  ( h)  

( i )  ( j )  ( k)  ( l )  
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2.3 a  2008ד 6ѣ 16ѡ 0000 UTCᾼ֮ щ (ậᴞ ☻Ȳ2011) 

2.3 b  2008ד 6ѣ 16ѡ 0000 UTCᾼ 850 hPa щ (ậᴞ ☻Ȳ

2011) 



38 

 

 

2.3 c  2008ד 6ѣ 16ѡ 0000 UTCᾼ 500 hPa щ (ậᴞ ☻Ȳ

2011) 

2.3 d  2008ד 6ѣ 16ѡ 0000 UTCᾼ 200 hPa щ (ậᴞ ☻Ȳ

2011) 
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2.4   (a) ד2008  6ѣ 16ѡ 0400 UTCП֮ Ȳ(b) ד2008  6

ѣ 16ѡ 0500 UTCП֮ ȴ 

 

 

(a)  (b)  
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3.1  WRF ứ 
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4.1 ḟứἤ ד2008 6ѣ 16ѡ 0200ᴟ 0700 UTC(per hour)Ȳ(a)~(f) 

GCEȲ(g)~(l) WSM6Ȳ(m)~(r) WDM6Ȳ(s)~(x)MORȴ ᴯ:dBZ 

 

 

 

 

 

 

(a)  (b)  (c)  (d)  (e)  (f)  

(g)  (h)  (i)  (j)  (k)  (l)  

(m) (n)  (o)  (p)  (q)  (r)  

(s)  (t)  (u)  (v)  (w)  (x)  
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4.2  ḟứἤ ד2008 6ѣ 16ѡ 0300 UTC 2ᴏ ⇔ Ȳ(a) GCEȲ(b) 

WSM6Ȳ(c) WDM6Ȳ(d) MORȴ ᴯ:m/s 

 

 

 

(a)  (b)  

(c)  (d)  
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4.3  ḟứἤ ד2008 6ѣ 16ѡ 0300 UTC Ȳ ᴥ Ɫ֮ᶮ ⇔Ȳ 

(a) GCEȲ(b) WSM6Ȳ(c) WDM6Ȳ(d) MOR 

 

 

 

 

 

 

 

 

 

(a) (b) 

(c) (d) 










































































































