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    ᾬ ⱢѬ І֯Ὲ Мᾼ оȲ ᴖṳḥצ᾿ ᾼ ẞ

ᾬ Ȳ֪ױ ѿ ᾼṔ⇔ẃϠ ᾬ ╥Ϛ ẓ╚ ἤᾼ ȴ ᴖ

⁮ᴫד2008 ☼ Ṝצ ᾼ רּ) National Center for Atmospheric 

Research S-band Polarimetric radar system, NCAR S-POL ц 11 ​

Disdrometer )ȲҠѿ ṷ ẃϠ ᾬ ȴ 

    Ӑׁשṅ Ԓᵓӣ о ᾼ₣᾿ ἤȲиέᴫ⁮ ☼ Мϝ

​ (5/26, 6/2, 6/4, 6/5, 6/13, 6/14, 6/16)ᾼ ᾬ Ȳԛ ϚḔ ֮

DSD (drop size distribution)ᾼ ὨȲ о ᾼ₣᾿ ἤȲ᷄ẞ

Л֮֝ DSDἬ ᾼϱѠ ᾬ ȴ ϝ ᾼиέ Ὠ Ὑצ

ᾼẒ Ȳ(1) 5/26ц6/13Ɫ ☼ Ӵ ѬṆ Ẕ₣᾿ ȳ֮

צ Єᾼ​ ȳὙ ᾼ ֥ ц ֵᾼ Ȳᵀצ⁯ ᵅᾼ Ѭ

ᵶ Ȳ(2) 6/5ц6/16Ɫצ ἤᾼМѐ⇔ ☼Ṇ (mesoscale convective system)

⁮М ֣Җ Ϥү ȲẔ₣᾿ ᵅȳ֮ צ Њᾼ​ ȳ ֥

ЛὙ Ȳצ⁯ ᾼ Ѭᵶ ȴ 

    ϡ и Ϡᴫ⁮ ☼ ῺẒ ѣᾼ Ȳ ֮ ​

иכ 48 ἤ Ȳ ḕ ἤ Ἤ ᾼӔϱѠ ӂᶁȲ᷄ẞЛ֝

ἤ М ᾼ ȴẔ Ὠ ӱ​ Єѹ ֵᾼ DSD ȲẔ

1еṭ ⇔ᾼZHH KDP ЄȲ ☼ Ȳצ Ὑ ᾼ ֥ Ȳױ

ҵZDRױ ​ ЄЊ צ Ȳױ Ὠ Ϛ Ԍ Ὠד ȴӐׁשṅ Ὠ ӱ

Ҡ о ц​ Ẓ ẃϠ Ѭ ᾬ ȴ 
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Abstract 

Studying the microphysical processes of precipitation systems from the perspective of 

observations is important and challenging. During the 2008 Southwest Monsoon Experiment 

/Terrain-influenced Monsoon Rainfall Experiment (SoWMEX/TiMREX), huge amount of 

observational data were collected, which allowed us to study microphysical processes using the 

observations of a dual-polarimetric radar (NCAR S-POL) and disdrometers.  

In the first part of this research, we use vertical profiles of dual-polarimetric measurements 

to investigate the microphysics characteristics of seven heavy rainfall events. In the second part, 

we further investigate the differences of vertical structure and microphysics characteristics from 

different DSD results near the ground observed by disdrometers. Two distinct types of 

precipitating characteristics can be found in the analyses of seven heavy events. They are: (1) 

Deep convection (5/26 and 6/13) containing large rain drops, low liquid water content, high 

graupel water content and pronounced collision coalescence process. (2) Organized convection 

(6/5 and 6/16) with small rain drops, high liquid water content and less pronounced coalescence 

process. 

In the second part, two months of disdrometer data near the ground during the 2008 

SoWMEX are classified into 48 groups. The averages of the vertical profiles of dual-

polarimetric measurements above the disdrometer are used to analyze the differences of 

microphysical processes based on these 48 groups. The results indicate that large and high 

concentration raindrops are associated with large ZHH, KDP at Z = 1.0 km, deep convection, as 

well as pronounced collision coalescence process. In addition, the value of ZDR is proportional 

to the size of raindrops. The results are consistent with those from the first part. 

Overall, this study successfully demonstrates the application of combining dual-

polarimetric and disdrometer data to investigate the microphysical processes in heavy rainfall 

events. 
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    ֯ ᾼẒשׁדṅἬӢ МȲ ϠЄ −ю ᾼ Ȳ ẞϠ

ṅЏẓцѠᾎȴ֯שֵׁ− Ϛ ϱ ╓ ᴔ ׁ ᴔ ц ᴔ ᾼ

ᵗȲ ᴔ ╥Л Ẕ ֮ ᶺЀ ᵫᾼᶾҾȳׁשṅᾼ ȲϷ

ṅцӢ♄ϱשׁ֯ С їȲ ẁ ֵᴞАᾼ ц ṓȷ ᴔ ᶺֽױ

צ ᾼׁשṅ ӭȲϚ ϱ ᵗᶺ ḟ Ȳ ᶺ ṅᾼᶾҾȲ֯שֵׁ ᴔ

ᾼ М ╥ ẞ− ȴֵ ү ᴔ Л ṅϱשׁ֯ ẁ−ֵ∂ ȳ╓ Ȳ

Ϸ ╥ ᶺȲ ᶺ ֵ цӔ ϩ ȴ ᴔ ֯ ẘ С

∂ ц ȴ Ѐ ỗ Ӕӂȳ ’‐цѵ ᴔ ֯Ѐ ᶺ ᾼ∂

ц ȲẦᵗᶺ Ԍױ ѝ Ḇᶙ ȴ 

    Ϡצ  ᾼ ᵗȲׁ֯שṅӢ♄М ẞᾼЄЊṶ צ כ⅍ ᾼ ᴴȲ

Ϛйᾼ ⸗Ɫᶺכ ᾼ֫ ȴ ‒ᶪ ᾼ ȷ ЊṪ Ϡ

ⱢЄ и ᾼᴩ╜е ҵȲϷ֯ᶺЛ ї ᶺ щȴ Є■ Ỡׁ֯שṅ

ϱᾼ ᵗȲ ᶺ⇔ ϱ֯ ⅍ ѝȳҒ ȳ ᾼѡІȴ ֽ Ỡ֯

╓ṅϱᾼשׁ ȳ ᵗȲϚ ṅשᾼׁ֝ד֯ Ȳ ֯כ ⅍ Л ᾼὣ

хȷ ϥϾȳ ȳюϴȳOlanȳӴὟ  ᾼ Ȳѿцז ⅍֝ ȳ⁬

ᶛϚ ṅϱᾼשׁ ȳФד coverȴ ᶬỘ֯ᶺז С ֵ ᵗȴ

ṝἪֻὣх( ȳ╣ ȳ ӝȳ ȳ≈ )ȳ„ ȳ╫ᶁȳ Ȳ ὣ

хᾼד ֯ ṅӢ♄М᷄ẞשᾼׁז ᾼ Ȳԅ ѱẘ∟ϭҠѿ

ᾼ Ἇ›ᴩȴ 

    ∂ ᶺẃ Є דּ ṆȲ ᶺצ ϤЄ דּ ȴ Є

ẞׁשṅἬȲ ѯӕᾼ ц ≤ ᾼҀҏȲ ᶺ ᵓᾼᶙכ ȳ ᴞ

А ᾼṶȴ ∟Ȳ Ἤצ ᵗᶺᶙױכ ѝᾼϢȲ ϯẃ Є ᾼ

цќ═ ӑẃ ȴ 
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Ϛ   

1.1   

    ḕ 5ȳ6ѣ ​ủц7-9ѣᾼ ủȳр∟ ☼ᶁⱢү ẃ ḝᾼ ​ȴ

ᴖȲ ᾼ Є​ үכ ֮ ᾼḳ ȲẂֽ֢֮ ѬȳЍ ЁӰ☼ȳ

Ѭ Ϣṝׄԓȳ ȳ Ѡ כ Єᾼ№ ȴῺדẃ ṅשֵׁ

ϩὑḂ ​ṶԈᾼщ ȳứ Ѭ (Quantitative Precipitation 

Forecast, QPF)цᴷ (Quantitative Precipitation Estimation, QPE)Ȳ Ӧ ẁ ѹ

ᵛ ᾼ ẃצ ᾼ ᵅḳ ᾼ Ӣȴ

    Л֝ ц ᾼ Ȳ Ѭ ᾬ צ ᾼ Ȳ֪ױ ὑү

ѬṆ ᾬ ᾼϠ ȲϷ╥ ПϚȴ ᾬ …╓֢ Ѭ

І֯Ὲ Мᾼ оȲ​ ῈМ ẞ֮ ϱἬ Ӣᾼ (Ẃֽ​ ȳ֥

и ȳ ȳ ȳ о )ȲӦὑṳḥצϚ Ҡѿ᾿ ᾼ

ẞ ṷ Ȳ ᾼṔ⇔Ϡ ᾬ ╥Ϛ ẓ╚ ἤᾼ ȴӐׁשṅ

ᵓӣ​ (Disdrometer)ц о (Dual-polarimetric radar)ᾼ

ẃϠ ᾬ Ȳ ​ ᾼ Ҡѿ ​ иӁ(Drop Size 

Distribution, DSD)ȲᵛⱢ​ ẞ֮ ᾼЄЊц ȲϷ ╥Ἤצ ᾬ

ᾼ ὨȲᵀ​ Ɫ֮ ϱ ᾼ ȲṳЛ ҅ῶ ​Ṇ ԓ

ᾼ ȷᴖ ⱢϚ ȳῈ έ⇔ᾼ Ȳ о

ᾼ Ѭ Іᾼ₤ цᶮᾭȲ֪ Ҡѿױ Ӧ о ֯ῈМᾼ о

ẃϠ Ѭ І֯Ὲ МᾼᴩⱢȲT Ӧὑү ֮ᶮ ắẞ֮ᶮ  ᾼ ц

Ӑṝ ᾼ ạȲ ᾎ ẞῺ֮ ᾼ ȴӐׁשṅᶦ Ẓױ֥ ᾼ

ẃ ᴩ ѬṆ ᾬ ȳ ἤᾼиέȴ 



2 

 

⁮ᴫד2008     ☼ МȲ֯ ү ᴫ⁮ רּצ Є  ṅМїNCARשׁ

S-POL (National Center for Atmospheric Research S-band Polarimetric radar system)

ц 11 ᾼ​ ᴩϠῺẒ ѣᾼ Ȳ Ӧ ṷ ᾼиέц

ẃϠ ү 5ȳ6ѣ ​ủ ֯ᴫ⁮ ☼ ϯᾼ Ѭ ᾬ ȲױҵӐ

ѝϷᵓӣ о ц​ ᾼ ֥ẃиέ Ѭ ᾬ ᾼׁשṅȴ 

1.2  ѝ ֫  

    ​ иᵉ(Drop size distribution, DSD)Ҡѿ ẗ ẃ Ѭᾼ

Ӑ ἤȴ ӦMarshall and Palmer (1948)ҏȲנ ​ иӁⱢϚ ╓

иӁ₤ ȴ 

                        ὔὈ ὔ ÅØÐ ɤὈ                     (1.1) 

ὔ(Ὀ)ȸ ᴯ ᴯ вᾼ​ Ȳ ᴯⱢ m-3mm-1ȴὔέȸϚ

8000( mī3mmī1)ȲẔῶӱ ȴΏȸ​ иӁᾼ ȲΏ Є⁄​

​ Єᴖ юᾼ Ȳʉv Є​ ᾼ ד юȴ Marshall and 

Palmer(1948)ᾼׁשṅ ӱΏ ​ Rכчѩ( Ώ = 4.1Ὑ ī0.21 mm-1 )Ȳֽ 1.1

ӱ Ώ юȲ ​ R ҒȲ​ иᵉἏЄ​ ȴᴖ֯Marshall 

and Palmer(1948)ׁשṅ ὨМὔⱢứ Ȳ֪ױЊ​ иӁЛ ֪ ​ оᴖҏ

Ὑ ᾼ ȴ 

    цѠᾎᾼ ḔȲ M-P ҏᾼ╓ иӁ₤הἬ ᾼЊ​

цЄ​ צѩꞋד ЛṾᾼ Ȳɲ ᾎч╣ҏ​ иӁ

ᾼֵ ἤȲяẔЊ​ ֯ M-PиӁ₤הМꞋⱢ ᴷᾼᾭᾓȲ֪ױ Ulbrich(1983) 

ҏϠḆ Ὼ ᾼ ẃה₤ ​ иӁȲv ⱢGammaиӁ₤הȲ 

ὔὈ ὔὈ  ÅØÐ ɤὈ                     (1.2) 

Ѡᾎױ M-PѠᾎ Єᾼ ֯ὑֵϠϚ ᶮᾭ ɛẃ Њ​ ᾼֵ Ȳ

ᵓӣϮ ὔȳɛȳȿ ӔЊ​ цЄ​ ᾼῶ Ȳֽ 1.2Ȳ ɛЄὑ0 ֯
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Њ​ Ԍᾼפ ⱢἏϯה₤ (Њ​ ю)ȲɛЊὑ 0 ⱢἏϱ (Њ​

Ғ)Ȳɛ ὑ 0 ᵛⱢ Marshall and Palmer(1948)ѠᾎἬ ᾼ╓ иӁ₤הȴ

Ulbrich(1985)Ϸ GammaиӁѩM-PиӁḆ צ ᾼч╣ ᾼ​ и

Ӂ оȴ ᴖ GammaиӁ₤הМᾼ ὔ( ᴯⱢ mm-1-ɛ m-3) ɛᾼ

оᴖḂ ȲTestud et al. (2001)ϚṆԝᾼ ứ Ϡ оᾼ

NW( ᴯⱢ mm-1 m-3)Ȳ ṓӐѝ2.2.3ȴ 

    Bringi et al. (2003)ṿӣTestud et al.(2001)ᾼ о​ иӁ ԓ Л֝

ᾼ ᴩ Ȳᴕ ֯Л֝ ϯ ​ ἤᾼῶ Ȳứ ҏẒ ☼

₤  (1)Є ₤ ☼ ​(Continental type)ȲẔ ἤⱢ​ (Dm)Єᵀ (NW)

юȷ(2)◦₤ ☼ ​(Marine type)ἤⱢ​ (Dm)Њᵀ (NW)ֵ Ȳֽ

1.3ἬӱȴChang et al.(2009)иέ2001ד ц2005ד Ȳ

ү ☼ ​ᾼ​ иӁꞋЛ ὑ Bringi et al.(2003) Ἤứ ᾼЄ

₤ ☼ ​Ἠ ◦₤ ☼ ​Ȳᴖ╥иӁ֯Ẓ῏П Ȳֽ 1.4ȴ (2006)

ү Җ Л֝ủ цЛ֝ Ѭ₤ ᾼ​ иӁ Ȳҍủц ₤ ​

иӁ(DSD)ѿЊ​ Ựֵȷ ​DSDиӁ Ȳ​ Єȷ ⁄ МЄ

​ Ȳ​ иӁ ȷр∟ ​ᾼ​ ЄȴѪ(2007) ү Җ

֮ ᾭ ☼ Ѭᾼ​ иӁ ἤȲ ᾭ Ѭᾼ​ иӁ Ὼ╓

₤ ȲЊ​ ֵȷ ☼ Ѭ֯Њ​ ѩ ᾭ Ѭю ֵȲᴖ֯ ​ ד

֝ᾼ ᾓϯȲ ᾭ Ѭᾼ​ Єὑ ☼ Ѭȴ (2009a) (2009b)иέ 

2008ᴫ⁮ ☼ ᾼ DSD ἤȲṳ  Bringi et al. (2003)ᾼ Ὠ ѩ Ȳ

ᾭ Ѭ ἤדᴿȲᵀ ☼ ѬDSDἤ Єȴ 

    ​ иӁ(DSD)ᾼ ὨҠѿ ῀ ​ ἤ(v Ἤצ ᾬ ᾼ Ὠ)Ȳ

ᵀШ ֪ ֮כ DSDᾼ ὨϷ╥ ᾼ Ȳ֪שֵׁ−צױṅ ṿӣ

о ₣᾿ϱᾼ оẃ Ѭ ᾬ ȴBrandes et al.(2004)ᵓ



4 

 

ӣЛ֝ ϯȲ ֥ ц ה ὨᾼӂᶁZHHȳLDRȳRHV₣᾿ (vertical 

profile)ẃ (0ÁC ᴯ )ᾼ ⇔ȴKumjian et al.(2010)ɔ ӣ ᾼϚ

Ȳה ֯Л֝ ⇔ цЛ֝GammaиӁ ϯ о

ᾼ оȴ Ӣ ȲЊ​ Ԓ Ȳӂᶁ​ ЄЊ ҒȲ֪ױZDR

ṷצ ҒȲ ᴖ Ѭᵶ юȲZHHȳKDP Ϸצ юᾼ ᶮȲẔ

Ὠ ӱ֯ ᾼ ϯ Ὑ Ȳױ Ϸч╣֯ о ц

​ оМȷױҵЊ​ ֵȳЄ​ юᾼῴỞ​ иᵉ(ẂֽM-P ╓

₤иӁ₤ ) ϯȲ ZDR צ ЄᾼḂ Ȳ ᴖ Ҭ ֯ ​

Њ(R < 10 mmhr-1) ИצὙ ᾼ ȴ 

ҵȲKumjian et al.(2014)ϷᵓӣϚױ     ᾼ ᾬ ה ​ ϯ М

ӢЛ֝ ᾬ (​ ֥ȳ ȳ ) о

ᾼ оȲẂֽ Ӣ​ ֥ ȲЊ​ юᴖЄ​ Ғ

ZHH Ἇ֮ ҒȳZDRἏ֮ ṷ ҒѹKDP ϷἏ֮ ҒȷчПȲ

Ӣ​ Ȳד Њ​ ҒᴖЄ​ ю ZHHȳZDR

цKDP Ἇ֮צ юᾼ ȴɲ ZHHцZDR ⇔ᾼ оҠѿứ ҏ

ҳ Л֝ᾼ ᾬ (ֽ 1.5)Ȳиᵑצ ֥ȳ ȳ ц

ц ֥ӂ ᾼ ȴ 1.5МȲ ⱢZHHᾼ о(Ἁ ᾼZHH ᾼZHH

)Ȳ ⱢZDRᾼ о(Ἁ ᾼZDR ᾼZDR)Ȳ֪ױ ZHH ҒZDRϷ

Ғ (ЎZHHȳЎZDRꞋⱢӔ )ứ Ɫ ֥ (​ Є)ȷZHH юZDRϷ

ю (ЎZHHȳЎZDRꞋⱢ )ứ Ɫ (​ Њ)ȷZHH юᵀZDR

Ғ (ЎZHHⱢ ȳЎZDRⱢӔ)ứ Ɫ (Ӧὑ ⱢЊ​ Ԓ Ȳ

דױ֪ ZDR юᵀZHH Ғ)ȴ  
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 ṅѠ֣שׁ  1.3

    ›ϢᾼׁשṅМȲ צ ╥ṅשֵׁ Л֮֝ Ѭ ἤᾼ иέ(v Л

֝​ иᵉ ᶮ)ȲϷצᾼׁשṅ╥ᵓӣ о ZHHȳZDRȳKDPȳ

RHVȳLDR ẃ Ѭᾼ ᾬ ȲᴖӐׁשṅ ֥ Ẓ ẃиέ​

ῈМ ẞ֮ Ἤ Ӣᶙ ᾼ ᾬ ц Ѭ ἤȲяẔ ϡ иⱢ Ϛ ᵓӣ

​ Ὠ ѬṆ и ᾼׁשṅȴ֯2008דᴫ⁮ ☼ МȲ֪Ɫצ ₇

ᾼ (NCAR S-POL ц 11 ​ )Ҡѿӣẃ ᴩ Ѭ

Ṇ ᾼ ᾬ ἤ циέȴ 

    ӐׁשṅᾘӣXu et al.(2015)ậᾼϝ ​ Ȳ Ӧ ​

ᾼ ẃиέЛ֝ ᾼ ​ ἤȳ ц ᾬ ȴ ϡ иᵓ

ӣ ᾼѠᾎ 2DVD​ ᴩ иȲиכ 6 8Ԛ48​ иӁ

Ȳ֯ḕ М ҏ ӔϱѠᾼ о ӂᶁȲ ᴖ᷄ẞ

Л֝ ἤ М о ᾼ Ȳv ⱢЛ֝​ иӁϯ₣᾿ ц

ᾬ ᾼ ȴ 

    Ӑׁשṅӭ֮Ɫᶦ ᾼṔ⇔Ȳ ῺẒ ѣᾼ иέȲ ү

​Ṇ ᾬ ḆֵᾼϠצ ȴ 
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ϡ  Ѡᾎ 

2.1  Ю  

    Ӑׁשṅṿӣ20085דѣ15ѡᴟ6ѣ30ѡᾼᴫ⁮ ☼ (SoWMEX/ 

TiMREX, Southwest Monsoon Experiment/Terrain-Influenced Monsoon Rainfall 

Experiment)Ȳ ү ủ ​ ᾼМѐ⇔ ☼Ṇ ᴩ Ὲ

Ȳ ֮ ╗ү ȳ⁮М Җ ѿцү ⁮ ⅜ ֮ ȴ

Ẕӭ Ɫ֪ ​ ȳṮḳ Ḗ Ḃ ứ Ѭᴷ ц ⇔ȴ 

ϠҒὍ Ὲ ȳᴞ ҵȲⱢϠḆ ϤϠ Є​

щ Ṇ ᾼ ​ᾬ ȲМҶ ᶝ Ϭ ȳּדᶾ МҶЄ Ṟ  X ᾌ

◕ ה (TEAM-R)ѿцּר Є ◕ṅМї(NCAR) S ᾌשׁ о

Ϭ (S-POL) ϷҒϤϠ Ȳ ן ẞϮ Ὲ Мᶙ ѹ έ⇔

ᾼ ​ ȴҫϚѠ Ȳױ ᵑ֯⅜ὧЍ ( Њ) ​

(rain measurement super-site)Ȳᵓӣ ȳ​ Ғ Ὼ֮

Ѭц ᾼ ȴ֯ῺẒ ѣ Ԛ ᴩ װ9 (IOP)Ȳ иᵑⱢ

5/19 ï 5/22, 5/27 ï 5/29, 5/29 ï 5/31, 6/1 -6/ 3, 6/3 ï 6/4, 6/4 ï 6/6, 6/12 - 13, 6/14 ï 

6/16, 6/23 ï 6/26ȴ 

2.2  ​ Ю  

    Ӑׁשṅṿӣ ⁮ᴫד2008 ☼ Ԛ 6 ​ (2DVD, JWD)ȳ5

​ (POSS)ȲẔЮ ֽϯȸ 

2.2.1  ​ Ю  

    ԚṿӣϠ5 ​ה (JWD)ȳ1 ԏ ​ה (2DVD)ѿц5

​ (POSS)ȲẔᴯ ꞋᴯὑSPOL ὧҖѠ⅜ὧЍ ֽ 2.1Ȳ ᴯ
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ṓῶ2.1ȴ 

​ה (1)  

​ה (Joss-Waldvogel disdrometer, JWD)ᵓӣ​

ᾼϩ ​ ᾼ ЄЊȲ ҵ ֽ 2.2(a)ȴ ​ה ​

Ɫ0.359mm~5.373mmȲṳиⱢ20ԌЛ ᾼ​ цἬ

ᾼ​ ȴ(Tokay et al. 2013)  

(2) ϡ ԏ ​ה  

    ϡ ԏ ​ה (2D-video distrometer, 2DVD)Ȳ Ẓצ Фד₣

᾿ѹЛ֝ ⇔ᾼԏḇȲ ​ ϯ ԏḇ ​ Ȳּנ ԏḇ ᾼ 

⇔Ҡ ẞ​ ᾼᶮᾭц᾿ Ȳṳ Ӧ​ ϯ М Ẓ ԏḇᾼ

Ҡ ​ ᾼ₣᾿ Ȳ ҵ ֽ 2.2(b)ȴ(Schönhuber et al. 1997) 

(3) ​  

​ (Precipitation Occurrence Sensor System, POSS)ⱢX-band

Ϭ ȳ щה (Ϛ ᾌ◕ҫϚ Ȳ(ן ​ ϯ צ

ȳ ᾼḂ Ȳ ᴖ ẞ​ ᾼЄЊц Ȳ ҵ ֽ 2.2(c)ȴ

​ ​ Ɫ0.34mm~5.34mmȲԚиⱢ34ԌЛ ᾼ​

цἬ ᾼ​ ȴ(Sheppard (1990)) 

2.2.2  ​ иᵉ  

Ӧὑ​ ẁϠḕϚ ​ ᾼ ᾿ (Di)ц₣᾿ (Vt)Ȳ֪ױҠ

ѿᵓӣ(2.1)הẃ ​ иӁ 

.Ὀ
ЎЎ

В                      (2.1) 

N(D)(m-3cm-1) ȸ ᴯ ᴯ ᾼ​  

æt ȸ ậ ᾼ  
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æDȸ ậᾼ  

Vj ȸ​ ₣᾿  

A ȸ  

n ȸ​  

2.2.3  Gamma иӁ  

    ᵓӣ Kozu and Nakamura(1991)Ѡᾎ ᾼ​ иӁ N(D)֥ ẞ 

Gamma иӁȲḖ Gamma иӁᾼϮ ȸ ὔ0ȳᶮᾭ ɛȳ

ȿȴ Ԓứ  הцGamma function(2.3)ה(2.2)

ὓ ᷿ ὈὔὈὨὈ                      (2.2) 

᷿ ὼ Ὡ Ὠὼ                      (2.3) 

ҠѿהȲᵓӣ(2.3)הϤ(2.2)҅ה(1.2) ẞ(2.4)ה 

ὓ ὔ                         (2.4) 

҅ῶЛ֝ᾼ ​ и ( Ulbrich (1983) )Ȳ ​ ᾼ N(D)҅Ϥ(2.2)הȲ

ṳиᵑ҅Ϥx ὑ3ȳ4ȳ6ȲM3Ҡӣὑ Ѭᵶ ȳM4Ҡӣὑ ​

ȳM6Ҡӣὑ ֫ᾌч ȴᵛҠ M3ȳM4цM6ȴ ֥M3ȳM4цM6ֽ

ȲҠứה(2.5) G 

'              (2.5) 

הϤ(2.5)҅ה(2.4) ∟о ҠṼᶧ ẞ ɛȳȿцὔ0ȲẔ Ὠֽ(2.6)ȳ(2.7)ȳ

 ה(2.8)

ρ 'ʈ ψ ρρ'ʈ ρφσπ' π           (2.6.1) 

ʈ                        (2.6.2) 

ɤ                          (2.7) 



9 

 

ὔ                          (2.8) 

МϮהҠѿᵓӣ(2.6)ȳ(2.7)ц(2.8)ױ֪ ᾼ ֥ ẞ GammaиӁ₤הᾼ​

иӁẃ Ἤ ẞᾼ​ иӁȴ 

    ẞϮ GammaиӁ ∟ȲᵛҠ Ẕ҃ ​ ȲӐ Ἤṿӣᾼ

Ю ֽϯȸ 

(1) ӂᶁ (Mass-weighted diameter, Dm) 

   ӐׁשṅᵓӣDmẃ ​ ᾼЄЊȲDmӼ╓ѿ Ɫ ᾼ​ Ȳ

Ẕеה(2.9)ֽהἬӱȸ 

Ὀ
᷿

᷿

᷿

᷿
                 (2.9) 

ɤὈ τ ʈ                            (2.10) 

ҫҵȲӦ(2.10)הМᶺ Ҡѿ ʈȳȿ ẞDmȴ ה(2.10) ῀ Dm

Ғ Ȳɤ ᵅȳʈ ҒȲῶӱЊ​ юȳЄ​ ҒȲ​

иӁἏЄ​ Ѡ֣ᴼ ȴ  

(2) о (Normalized interception, NW) 

Мה(1.2)֯     N0ᾼ ᴯ(mm-1-ɛ m-3)Мᵶצ ɛȲẔ ɛᾼ

ᴖצἬ оȲ֪ױ Ԓ N0 оȴӦ ᵶѬ е(2.11)הҠ ẞWȳ 

N0цɛП ᾼ …Ȳ  

7 Ὀ                    (2.11) 

ה(2.11) ҅Ϥ(1.2)ה  

.$ ὔ Ὢ‘ Ὡ                    (2.12) 

ὔ                          (2.13) 

Ὢ‘                          (2.14) 
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ɛ=0ȲὪ‘ ρ ױ ​ иᵉⱢMarshall and Palmer(1948)ᾼ╓

МNWᾼהȴ(2.13)ה₤ ᴯⱢ(mm-1 m-3)Ȳ҅ῶ Њ​ ᾼ ȲӐׁשṅᵓ

ӣױ ẃ ​ ȴ 

2.2.4  ​ ₇  

ԒⱢϠ ᵍ Ϛ Ӑ​ ю כ ᾼ ȲԒ ​ ⇔Њὑ

1mmhr-1ᾼ ҟ ȴ 

​ה (1)  

    Ӧὑ ​ה ᾼ ạȲ ​ ȲצыֵЊ​ цЄ​ −

ᶶ֮ ֯ ϱ Њ​ ᾼ ᵒц ҷȲЊ​

ὔצыюἨḥ ẞᾼ ᶮȲ֪ױᵓӣSauvageot and Lacaux (1995)

ҏᾼ ӔѠᾎ( ⱢDead Time Correction)ẃ Ӕױ ȴ 

(2) ϡ ԏ ​ה  

    ֯ϡ ԏ ​ה (2DVD) МȲ​ Ѭῧצ

​ ᾼ Ȳ ה(2.1) ῀ ҏ ЊἨ Єᾼ​ ὔ

Ӣ Єᾼ N(D)Ȳ֪ױⱢϠ ᵍЛֻᾼ​ ϱᾼ ȲӐ

ṅשׁ ᾼ פ (Brandes et al. 2003) ѩ Ȳֽ

Ȳה(2.15) Ẓ῏ Єὑ פ ᾼ 0.4 Ȳ

ȴ  

ὠ$ πȢρπςρτȢωσς$πȢωυυρ$ πȢπχωστ$ πȢππςσφς$ 

(2.15) 

ὠὸⱢ​ ȲẔ ᴯⱢm sec-1ȷὈⱢ​ Ȳ ᴯⱢmmȴ 

    Ϡ֢ Ӑṝ ạἬ כ ҵȲ֯ᴫ⁮ ☼ ›(STAGE I)צ

11 ​ Ὅ ֯֝Ϛᾼ֮ѠȲ ֝ד ◕ȳ֮ ц ​ ᾼ

​ иӁ Ȳѿ2DVD Ɫ Ȳ ӦЛ֝ Ἤ ẞ ​ ȳ֫ᾌᾼ
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ẃ ᾼ ȲЛ֝ ᾼ ֽῶ 2.2ȴױҵȲ

ⱢϠ ֥ ḕ7.5и Ϛװᶙ Ȳ֪ױӐׁשṅ ​ ѿ

ḕ7.5и Ɫ ᴯ й ȴӐׁשṅἬṿӣᾼ​ ꞋⱢḕ7.5и

Ϛ ȴ 

2.3  NCAR S-POL Ю  

    2.3.1  S-POL Ю  

⁮ᴫד2008     ☼ ȲNCAR S-POL Ὅ ὑү ᴫ⁮ ⅜ ҏ

Ѐ (Җ 22.53⇔, ὧ 120.43⇔)ȲS-POLⱢS-band (ᾌ 10.7еи) 

о Ϭ ȴẔ иⱢѬӂ (PPI)ȳ₣᾿ (RHI)Ẓ ȲḕϚװ

7.5иפּ ȴ ҔᵶZHHȳZDRȳKDPȳRHVȳLDRȳVR( ֣ )ȴ 

2.3.2  о Ю  

    о ֝ Ѭӂế₣᾿ оѠ֣ᾼ ᾌẃ Ȳ֪ ױ Ϡ

צ Ӑ Ϭ ᾼѬӂ о֫ᾌױ ҵȲ Ҡ ẞѬӂế₣᾿Ẓ

Л֝ оѠ֣֫ᾌᾼѩ цדᴯ ᾼ ȴӐׁשṅԚṿӣХ ẃиέ

Ѭ ᾬ ȲẔЮ ֽϯȸ 

(1) ZHH (Reflectivity, ֫ᾌ) 

    ZHH╥╓Ѭӂ оѠ֣ᾼԚ (co-polar)֫ᾌȲᵛ ᾌ ế ן

ᾼ оѠ֣ ֯ѬӂѠ֣ȴ֯ ᵓ Ὼᴿ ϯȲ ӭ ꞋⱢ

ᾼѬ ІȲ⁄ ZHH ​ гװѠכӔѩȲеהҠῶӱⱢȸ:((

᷿ $.$Ä$Ȳ ЄἨ​ ֵ֫ᾌ ЄȲ ᴯⱢdBZȴ 

(2) ZDR (Differential reflectivity, ч ) 

    ​ ֯ М פ᷁ כ ᾭȲҬצ᾿ −Њᾼ​ כ Ȳ
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᾿₣ȲѬӂȳױ֪ о ᾌᾼч Л֝ȴ  Seliga and Bringi 

(1976)ȲZDRứ Ɫ₣᾿Ѡ֣֫ᾌ(ZHH) ѿѬӂѠ֣֫ᾌ(ZVV)ȲеהҠῶӱ

ȸ:$2 ρπÌÏÇ ȴֽ 2.3ἬӱȲ֢ Ѭ І֯֝Ϛ ѩ(axis ratio)

(ɲ ᾭ֝ד)Ȳ ֪Ю Л֝ᴖ ẞЛ֝ᾼ ZDRȲᵀ ֝Ϛ Ѭ

І(Ю Ệứ)ᴖṕȲZDRế ѩ╥ᵧϚ Ϛ …ᾼȴ МᾼМȳЄ​

( D Ó 1mm )ӂ Ɫ┘ ȲẔ ẞᾼZDR ​ ┘ӂ ⇔ᾼ Ғᴖ

ҒȲᴖ​ ᾼ┘ӂ ⇔ếЄЊצ Ȳ֪ױҠӦZDR ẃᵒ ​ ᾼЄЊȲ

ᾬⱢЊᴖ ᾼ​ Ȳ​ Ẓ ѩ Ὼ1Ȳױ ZDR Ὼὑ0ȴױ

ҵȲ МᾼԜ Ἠ ֪ ᴖ כ вZHHȳZVV ᾼӂᶁ ד

ῺȲṿZDR Ὼὑ Ȳ֪ױȲZDR ϷҠѿ ᵗ ᵑԜ Ἠ ᾼ֯׀

ȴ֯​ ϯᾼ МȲ ZDR ЊצҠ ╥ Ӣ​ ᾼ Ȳ

ṿ ​ ЊȷדчᾼȲ ZDR ЄצҠ ╥ Ӣ​ ֥ṿ​

Єȴ 

(3) KDP(Specific differential phase shift, ѩ ᴯד ) 

    ᾌּז Ѭ І Ȳ Ѭ Мᾼ ІἬ ắẞᾼ ᾌ

Ẓצ ẃ ȸẔϚⱢ ӐṝἬ П ᾌȲҫϚẃ ⱢЮὑ Іẞ

П ᾼѬ І Ӧᵮן ᾌ∟ԛ Ӣᾼ› (forward scatter)

ᾌȴ֪ױȲ ᾌ֯ І Ғ∟ᾼ (net electric field)ế Ἤ

ᾌᾼ ᴯדϚצ Ȳױ Ɫדᴯ (propagation phase shift, 

Jameson and Mueller 1985)Ȳ֪ⱢѬ Іṳ‍ԓⱢ Ȳ› и ֪

Л֝ оѠ֣ᾼϤ ᾌᴖצἬЛ Ȳ֝Ἤѿ ᴯדПכ Ϸ Л ד

֝ȴɮ (Differential phase shift)ứ Ɫ֯֝Ϛ вᾼ έ вӦὑ

Іᾼ₣᾿цѬӂדᴯ ӢПדᴯ (ɮ ɮ ɮ )ȲẔ Ẓ
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ᾌ֯ Ѭ ᾼ Ғᴖ ҒἨ ═Л ȲἬѿ֯ ​ юȲ

֯ Ѭ Єȴ 

    KDⱢɮ (Differential phase shift, דᴯ ) ᴖẃȸ+$0 ȴ 

֯ Ѭ ​ ц ⇔ ЄȲɮ Ғ ֵȲKDP Ϸ ЄȲ֪ױKDP

​ ⇔ЄЊц Ѭᵶ צ Ȳ ᴯⱢÁ km-1ȴ 

(4) RHV(Correlation coefficient, ד … ) 

ד     … Ɫ֯ ẞ ZHHế ZVVП ד ἤᾼϚ ╓

ȲẔứ ⱢȸὙ
ộ Ớz

ộȿ ȿỚộȿ ȿỚ
ȴẔМShh̔ ῶѬӂ о ᾌϤ Ѭ

Іᴖ Ѭӂכ оч  ᾼч а (element of the backscatter 

matrix)ȲSvv̔ ῶ₣᾿  о ᾌϤ Ѭ Іᴖ ᾿₣כ оч ᾼ

ч а ȲòộỚ ò̔ ῶ ȴ֯ ᾌ═ Ӊ֯֝Ϛ ӭ ᾼ

Ȳ έ ᾼѬ Іᾼ ἤЛ (ɲ ᾭȳЄЊȳѠᴯ )Ȳ

֢ Ἤ ẞᾼZHHếZVVᾼד ד⁄ῺȲד… … ЄȲẂֽ ​

ᾼ RHV Ὼ1Ȳ ֯ έ ȲѬ Іצ ȳ Ἠ

Ẕ҃Л֝ἤצ῏ ᾼѬ І(ԜѬ ֯׀(֥ έ в ȲꞋ

כ ᴩⱢᾼЛϚ ἤȲ⁄֢ Ἤ ẞᾼZHHếZVVᾼד … ἤ

ЄȲ ᾼד … (RHV ) ᵅȴ 

(5) LDR (Linear depolarization ratio, ѩ) 

    (cross-polar)LDR҅ῶ ѬӂѠ֣ ᾌȲ Ѡ֣֫᾿₣ן

ᾌȲẔеהῶӱⱢȸ ὒ ρπÌÏÇ ȴױ Ɫ ᾌ о ⇔Ȳ

ẞᾼ ІⱢӔ ᶮȲLDR −Њȷ ẞ ד І ȲӦὑצѬᾼҏ

ṿ о ⇔ Ȳ֪֯ױ ד І֯׀ᾼ LDR ҒȴѿS-POL
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ⱢẂȲ в І֝ ἤ Ȳѿ ​ⱢẂȲLDR

Ὼ-30 dBȲ ẞ ȳ֮ד ᶮ LDR ҒȲẔ ᴯὑ-30~0 dBПפּ ȴ 

2.3.3  S-POL ₇  

    ӐׁשṅᵓӣNCAR ᾼS-POL Ȳ ᴖ֯Ѝ  ῺЬצϚṷЛ

ὑ ᾼ֫ᾌȲẂֽ 2.4(c)(e)М 30 ~ 50еṭȳ ⇔0.5еṭᾼ

(RHV < 0.7ȳLDR > -7.5 dB)Ȳ֪ױᵓӣLDRȳRHVẒ ‍ ҟ ȴ

Ԓ LDRЄὑ-10 dBᾼ ҟ Ȳ RHV  0.75ẞ0.85ȲӦὑᴕ

ẞ  ы ыֵצ ҟ ȲⱢϠ’ ԜѬ )ד֥

30~50еṭȳ ⇔5еṭҿҢ‐ ᴯ )ᾼ Ȳ֪ױ ṿӣRHVЊὑ0.8

ᾼ Ȳ ∟ Ὠֽ 2.4(b)(d)(f)ȴ 

2.4  ​ иӁ(DSD)ч Ѡᾎ 

2.4.1  ᵓӣ ZHHȳZDRч DmȳNW  ה…

    ᶺ Ҡѿᵓӣ​ ᾿ ẞῺ֮ ​ иӁ(DSD)ȴ ᴖ​

ⱢϚ Ȳ ​Ṇ ᴯὑ  Ὼᵀḥצ ẞ ӔϱѠȲ⁄​

ᾎ ẞ ​Ṇ ᾼ​ иӁȴᴖ ╥Ϛ Ϯ Ὲ М έ⇔

ᾼ ȲҠѿ ẞῈ Мᶙ ᾼ Ȳ֪ױӐׁשṅᶦ Ӧ ч ​

иӁ(DSD)ẃ Ғ​ Ȳױҵ Ϛצ ֻᾼч ѠᾎϷ

ẞῈ Мᶙ ᾼ​ иӁẃ ​ᾼ ἤȴ 

(1) DSDч  ה…

    Zhang et al.(2001)ѠᾎМȲᵓӣɛ-ȿᾼּפḇ …ẃч ​ иӁȲ

ה(2.10) ∟Ҡ ῀DmⱢɛȳȿẒ ᾼ Ȳ֪ױ Dm ֯

ɛ-ȿ … ϱֽ 2.5(a)ȲиᵑצDm ὑ1ȳ1.5ȳ2ȳ2.5 mmȲ ᵓӣ​



15 

 

֥ ẞᾼɛ-ȿ ה… Dm ѾӂᴩȲ⁄ч Ἤ ẞᾼ​

ЄЊ Ἤצ ạȴֽ 2.5(a)ӱ ɛ-ȿ ᴥמⱢּה… Ȳ⁄ч

ᾼ​ ЄЊ ạ֯1.5 ï 2.0mmȴ (2.5(b))ӱ ч Ἤ ẞᾼ

−ЊҬЮὑ2.0 ï 2.5(mm)П ȴ 

ṅשӐׁױ֪     ᴕCao et al.(2008)ѠᾎᵓӣZHHȳZDRẒ ẃч

​ иᵉ ȲẔѠᾎֽϯȸᵓӣT-Matrix֯ ứ ⇔ȳ ᾌᾌ ȳ

​ ѩ ϯȲҠ ​ ᾼ​ иӁ כ

ȴӐׁשṅ ⇔ Ɫ 20Á Cȳᾌ Ɫ 10.7cmȳ​ ѩ ӣ

Brandes et al.(2003)ᾼ ȴ 

⁮ᴫד2008     ☼ ῺẒ ѣἬצᾼ​ Ἤ ᾼ

DmȳNW T-MatrixᾼZDRẒ῏ Ὠ כ 2.6Ȳ Мѿ ậlog

ᾼѠהẃᵧ Ȳ҅ῶ иӁȳ Мᾼᴯ ȴ 2.6М ῀ȲDm ZDRכ

Ӕѩ …ȲZDR ҒDmϷ ҒȷNW ZDRכчѩ …ȲZDR ҒᵀNW

юȴ Cao et al. (2008)ч еה ​ ẞᾼDmȳNW T-Matrix

ᾼZHHȳZDRẒ῏ ᴩֵ ה ֥Ȳ ẞѿϯẒ ȳ (2.17(ה2.16)ה…

 ȸ(ה

Ȣ πȢπτχχ ὤ  πȢρττυ ὤ πȢυψτφ : πȢψςτπ         (2.16) 

ÌÏÇ Ȣ πȢςτυρ ὤ  ρȢςςτφ ὤ ςȢψσωυ : ςȢψςφψ  (2.17) 

Dmȸ ӂᶁ Ȳ ᴯmm-1 

NWȸ о Ȳ ᴯmm-1m-3 

ZHHȸ֫ᾌȲ ᴯmm6m-3 

ZDRȸ ч Ȳ ᴯdB 

    ZHHᾼװѠḖ Ѡᾎѿ(2.16)הⱢẂȲḕװ ֵ ה ֥›Ԓ ứϚ

ZHHװѠ… Ȳ ֥∟ ẞẔ҃… Ȳ Ӧ ֥ Ὠ ẞᾼ Dm
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ᾼDm ѩ Ȳ Ӧ Л֝ЄЊᾼZHHװѠ… ᷄ẞ Њᾼ

… ѿцἬ ẞ ֥ᾼ Ὠ Ɫ ч еהᾼ… Ȳֽ 2.7(a)ȲẔ

ⱢЛ֝װѠ… ЄЊȲ ⱢDm ȴ֝ МⱢѩה(2.17) ᾼNW

Ȳѩ Ὠֽ 2.7(b)ȴ 

    Ӧѿϱ ὨȲᶺ Ҭ צ ZHHȳZDRẒ ᵛҠ (2.16)ȳ(2.17)ה

ẞDmцNWȴ 

(2)  

    ֯ӔהṿӣױѠᾎ›ᶦ Ẕ ἤȲ֪ױᶺ T-Matrixᾼ

ZHHȳZDR ֫(2.16)ȳ(2.17)Ẓה ẞᾼDmȳNW ᾼDmȳNW ѩ

Ȳֽ 2.8(a)ẔиӁᴯ Ѿᵭ֥ѹ 2.8(b)ȳ2.8(c)ἬӱDmцNWᾼ

ꞋⱢ0ҿҢȳד … Ϸ 0.8ȳ0.9Ȳד ἤ− ȴ 

    ɔ ӣϚ ᾼѠᾎѩ Ӑׁשṅ Ϛ и(Ӑѝ Ϯ )Ἤ ӣᾼϝ

​ (ϝ Ю ֯Ӑѝ 3.1щ М)ȴӭᾼⱢ Ẓ ч

ᵡ╥ה… ӣ֯Л֝ МȲѩ М Ϡ DmȳNWẒ ҵȲϷᵓ

ӣч Ἤ ẞᾼ DmȳNW ̔ Ϥ(2.18)ה ẞ Ѭᵶ (LWC, liquid water 

content)​ Ἤ ᾼ Ѭᵶ ѩ ȴ 

,7# 10ὔʍʌ                   (2.18) 

ѩ Ὠֽῶ2.4Ȳ Ϡ6/13 ЛṜ Ӣ Є ҵȲẔ г

ӂᶁ (mean bias)ꞋЊὑ0.1ѹד … (correlation coefficient)Ꞌ 0.8ȳ

0.9ҿҢȴ 

ПҵȲױ  T-MatrixᾼZHHȳZDRиᵑҒϤ1~1.5 dBȳ0.1~0.2 dB

ᾼ Ȳ ḥצҒϤ ᾼZHHȳZDR Ὠ ѩ Ȳ ẞ 2.9

Мד … ц (standard deviation)ᾼ ὨȲ 2.9(a)~(d)ὨꞋ ZDR
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ҒᴖḂ Ȳױ ӱ ZDR Ѡᾎױ Єȴиᵑצ DmȳNW֯

ZHHȳZDRҒϤ ›∟Ẕ Ὠᾼד … Ꞌ֯ 0.64ȳ0.59ѿϱȷד

פּ 18%ȳ10%ҿҢȴױῶӱᵛṿ֯ ZHHȳZDR ṷצ ᾼ ᶮϯṼ

Ṝצ ᾼҠ‒⇔ȴ 

2.4.2  DmȳNWӂᶁѠᾎ 

    Ӑׁשṅ ч ẞᾼDmȳNW ӂᶁȲᶦ Ӧӂᶁᾼ Ὠẃиέϝ

​ ​ ἤᾼ ȴṿӣ Ἁ ч DmȳNW ȲӦὑ Мҏ

−ЄᾼZDR ѹ−ЊᾼZHH Ȳ ҏ ЄᾼDmȳ ЊᾼNWȲṿ ֯

ӂᶁ ṷ Ȳ ẞЛ֥ ᾼӂᶁ Ὠȴ֪ױȲӐׁשṅᵓӣẒ Ѡᾎ

һҟ ȸ 

(1) RHV    

    ֯ ч DSDᾼ МȲᶦ צ’ ֻᾼ ȲяẔ֯Ἁ

ὔắ֮ᶮ  כ ₇ ЛṾȲⱢϠ’ ​ᾼ Ȳ Ӑẃ

ἬṿӣᾼQC  (RHV  0.8 Ȳ(0.99כ 2.10МҠѿ

  ∟ȲҢϯṔᾼ ( ЄDmц ЊNWᾼ ) юϠ ֵȴ 

(2) Ϛ ѿҵᾼ ҟ  

    Б ṿӣ ᾼ RHV  (0.99)ȲЬצϚṷЛֻᾼ Ȳ֪֯׀

ᶦױ ᵍ ӂᶁᾼ М ϷҒϤ Ȳҫҵ Ϛ ѿ

ҵᾼ ҟ Ȳ ᴖậ М ᾼ ẃ ӂᶁȴ 

2.5  ☼ȳ ᾭ ​и Ѡᾎ 

(1) ᾭ ​ 

    ӐׁשṅᵓӣSteiner et al. (1995)ҏᾼѠᾎẃḟứ ᾭ ​ȴẔѠᾎצ

Ϯ Ḕ ȸ(1) CAPPI 3еṭ ⇔ϱȲ֫ᾌЄὑ40 dBZ  (2)ᾼ֫ᾌ Z
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￼ ӂᶁ֫ᾌ Zbg( ֣ҵҙ 11еṭ ᾼӂᶁȲֽ 2.11)ᾼ

Ṝ(2.19ה) 

: ὤ Ў:

ρπȟ                       ὤ π

ρπ ȟ         π ὤ τςȢτσ

πȟ                    ὤ τςȢτσ

            (2.19) 

(3)֥(1)(2)Ԉᾼ ἏҵἋᴼ еṭ( 2.12)ȴ ṜױϮ Ḕ ѿҵ

ᾼ ứ Ɫ ᾭ ​Ȳֽ 2.13(b)Ἤṓ ᴥ ȴ 

(2) ☼ ​ 

    ӦὑӐׁשṅ Ϛ и(Ӑѝ Ϯ )   ᾼ Ȳ֯ ☼ῴӢ

ц צ ☼ᾼҏ Ȳ֪ױṿӣSteiner et al. (1995)ᾼѠᾎứ

☼ ​ Ȳ ᵶ╗−ֵ ☼Ȳ ᾎ ☼ ​ ἤ и − ȴ╝Ӑ

ṅḆḂSteiner et al. (1995)ѠᾎȲשׁ ӐẃᾼϮ ԈḂכҬצẒ ԈȲ

ѹ Ϛ Ԉᾼ  ȸ(1) CAPPI 3еṭ ⇔ϱȲ֫ᾌЄὑ45 dBZ  (2)

֥(1)Ԉᾼ ἏҵἋᴼȲ ṜѿϱẒ Ԉᾼ ứ Ɫ ☼ ​Ȳ֪

ױ ḆὙ ᾼи ҏ ☼ ᾭ ᾼ ȴֽ 2.13(c)Ἤṓ ᴥ

ц ᴥᾼ ȲױѠᾎѩ 2.13(b)Ἤứ ᾼ ☼ ​ ẃᾼЊȴ 

 

  



19 

 

Ϯ  ϝ ​ иέ 

    Ӑׁשṅ Ϛ и ᴕXu et al.(2015)ᾼϝ ȲXu(2015)ᵓӣѡ ​

ḕЊ װ ֵ ╚ҏ2008דᴫ⁮ ☼ ϝ ​ (5ѣ26ѡȳ

6ѣ2ѡȳ6ѣ4ѡȳ6ѣ5ѡȳ6ѣ13ѡȳ6ѣ14ѡȳ6ѣ16ѡ)Ȳ ᴩϠ

ϩȳ ϩ ἤᾼиέȲ Ӧ֫ᾌ₣᾿ ц װ ֵ ϝױ

ᴩи ȲẔи Ὠ ῶ3.1ȸכ ԒȲ װ ЄὑḕЊ Ȳиװ500 Ɫ

☼ (intense convection)ȷ װ ЊὑḕЊ Ȳиװ500 ⱢМ⇔ ☼

(moderate convection)ȴ ☼ ⇔ иכЄ ₤ ​ ◦₤ ​ȴ

☼ (intense convection)5 צѣ26ѡȳ6ѣ13ѡȳ6ѣ14ѡȷМ⇔ ☼

(moderate convection)6צѣ4ѡȳ6ѣ5ѡȳ6ѣ16ѡȴЄ ₤(continental)

​Ɫ6ѣ14ѡȷ ◦₤(oceanic) ​Ɫ6ѣ2ѡȳ6ѣ5ѡц6ѣ16ѡȴ 

    ῶ 3.1Мḕ ᾼֿӣЛ֝ ᴥ҅ῶȲ֯ ϯẃᾼиέМȲꞋṿӣῶ 3.1

М֝דᾼ ᴥȷױҵП∟ѡ ѿ ֿȳ ῶӱ(Ẃֽȸ5ѣ 26ѡѿ 5/26ῶ

ӱ)ȴ 

3.1  ϝ щ  

    ѿϯⱢϝ ​Ṇ ᾼ S-POL М ☼ц ᾭ ​

ᾼиᵉѩẂȴӦӐѝ2.5Њ ᾭȳ ☼ ​и Ѡᾎ ῀ȲӐׁשṅἬứ ᾼ

☼ ​ ѩSteiner et al. (1995)Ѡᾎ ЊȲ֪ױ ☼ ​ ᾭ ​ἬҜᾼ

ᴍиѩדҒЛ╥100%Ȳֽῶ3.2ȴ 

(1) 5/26 

ᾼ Ɫ0300 - 0800 UTC (Ԛ5Њ ᾼ )Ȳ5/26צ⁮Җ֣

ἤ ☼Ṇ ֣ὧ Җү Ȳ ᴖᴫ⁮ ṳḥצᶙ ᾼṆ Ȳ᾿ẞ 0330 

UTCȲӦὑщ Л ứȲү ⁮ Ѝ Ởצр∟ ☼ ȴױ S-POL
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Ở ẞ ╦ᾼ ☼Ṇ ҏ (ֽ 3.1)ȴ ᴖṕȲ֯ӐׁשṅἬṿӣᾼ

МȲ ☼ ​ҜϠ26%Ȳ ᾭ ​40%ȴ 

(2) 6/13 

    Ɫ1900 - 2400 UTC (═ 5Њ )Ȳ6/13ⱢIOP8 Ṇ

(6/14) Ϥ›ᾼṆ ȲὧҖ-ᴫ⁮ṛ֣ ᴯὑМ ᾘ Ữӑ Ϥү Ȳ

֯SPOL вⱢ Ể ᾼ ╦ ☼ ​ȲяẔ2030 UTC∟֯ү

ὧ⁮Ѡᶮכ ᾼ ἤ ☼ȴ╝6/13Ɫ › ╦ ☼Ṇ (ֽ 3.2)ȲẔМ

☼ ​ҜϠ30%Ȳ ᾭ ​47%ȴ 

(3) 6/14 

    Ɫ0000 - 1500 UTC (Ԛ15Њ )Ȳױ Ɫᶙ ᾼ Ṇ

ү ֣ὧҖ Ϥ⁮ү ȴ 0000 UTCṆ Ở ү ᴫ⁮

Ȳ֯ 1100 UTC ֫ᾌ ᵧ Ẓ ἤ ☼Ṇ ═ ֣ὧҖѠ Ȳ

1200 UTCỞ ϡ ἤ ☼ ү Ϥү ⁮ Ȳ᾿ẞ 1400 UTC

Ϛ ἤ ☼Б ҏSPOL Ҭ ϯ ϡ ☼Ṇ ȴS-POL

ẞᶙ ᾼṆ ( Єѱᾼ ᾭṆ )Ȳֽ 3.3Ȳ ☼ ​ҜϠ17%Ȳ

ᾭ ​58%ȴ 

(4) 6/2 

    Ɫ0000 - 1000 UTC (Ԛ10Њ )Ȳ0500 UTCỞצϚᴫ

Җ-ὧ⁮ṛ֣ ἤ ☼ ү ֣ὧҖ Ϥү ⁮ Ȳ 0700 UTC

☼Ṇ ∟ȲЄѱᾼ ᾭ ☼ Ϥү ᴫ⁮ ȴSPOL ẞ

ᶙ ᾼ ☼Ṇ (ֽ 3.4)Ȳ ☼ ​ҜϠ13%Ȳ ᾭ ​52%ȴ 

(5) 6/4 

    0000 - 0800 UTC (Ԛ8Њ ᾼ )Ȳ0200 UTCצϚὧ-ᴫṛ
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֣ᾼ ἤ ☼Ṇ ү ֣ὧ Ϥү в Ȳ0500 UTC∟צЄѱᶠ

ᾼ ᾭṆ ϤȲ᾿ẞ0800 UTC S-POL М( ᴥ в) Ѿѿ ᾭ

​Ṇ Ɫѻȴ֪ױ S-POL Ӽ ẞᶙ ᾼ ☼Ṇ (ֽ 3.5)ȲẔ

М ☼ ​ҜϠ22%Ȳ ᾭ ​43%ȴ 

(6) 6/5 

0000 - 1400 UTC (Ԛ 14Њ ᾼ )ȲⱢМѐ⇔ ☼Ṇ

(Mesoscale convective system, MCS)Ӧ⁮ ֣ὧҖ Ϥү в Ȳ 0430 

UTCỞצЄ ѹ ᾼ ☼Ṇ ϤȲ ẞ1330 UTC∟Ṇ ҏȲү

ᴫ⁮ (яẔ S-POL в)Ṇ ю ֵȲֽ 3.6Ȳ ☼ ​

ҜϠ44%Ȳ ᾭ ​52%ȴ 

(7) 6/16 

    Ɫ0000 - 1400 UTC  (Ԛ14Њ ᾼ )Ȳ6/16ӼⱢМѐ⇔ ☼

Ṇ (Mesoscale convective system, MCS)⁮ ֣Җ Ϥ⁮ү ȴ0330 UTC 

MCSṆ ᴯὑү ⁮ Ȳ═ ֣Җ Ȳ⁮ ꞋⱢ Єѹ ᾼ ☼Ṇ (

3.7Мּמᴥ ֫ᾌ 60 dBZ)Ȳ᾿ẞ 1330 UTC Ởצ ֵᾼ ᾭ ☼

Ṇ Ϥ(ֽ 3.7)ȴẔМ ☼ ​ҜϠ9%Ȳ ᾭ ​59%ȴ 

    ѿϱЮ ῀Ȳ5/26ȳ6/13Ɫ Ӵᾼ ╦ ☼Ṇ ȷ 6/14ȳ6/2ȳ6/4Ɫ

ἤ ☼Ṇ ү Ϥү ȷ 6/5ȳ6/16ⱢMCS ⁮ ֣Җ ү в ȴ 

3.2  CFADsиέ Ὠ 

    ⱢϠϠ Л֝ ₣᾿ ᾼ Ȳṳ ֢ ₣᾿ϱᾼ о ϚḔϠ

ᾬ ȲӐׁשṅ ᴩϠ о ȸZHHȳZDRȳKDPȳRHVȳLDR CFADs 

(Contour Frequency by Altitude Diagrams, Yuter and Houze 1995)ᾼиέȴ ԒԒ

ḕ ӦӐѝ2.5ᾼѠᾎи ҏ ☼ц ᾭ ​Ȳ╚ҏ ☼ ​ᾼ и
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CFADsȲẔכ Ὠֽ 3.8- 3.12ȴ֯ 3.8- 3.12МȲ 16еṭѿϱפּ

Ӧὑ юȲ ẞ ᾼCFADsὨЛṾȴױҵϷ CFADs

ѩ ЄὑᴍиП0.1ᾼ ӂᶁȲ ẞиᵑ Л֝ ᾼӂᶁ ֽ 3.13ȴ 

    Ӧὑ Ɫ ᾭ Ȳ֯ Ὼ ḥצ Ȳ ы ᾼ

ᵅ ḥ Ȳ╝ᵓӣCFADsиέ ȲӐׁשṅ CAPPI ậ

ẞ 20еṭᴟ80еṭᾼ (ֽ 3.15)Ȳѿ ẞ₣᾿ ϱᶙ ᾼи

έȲẔѬӂц₣᾿ έ⇔ꞋⱢ0.5еṭȴ 

(1) ZHH (Reflectivity, ֫ᾌ) 

    ֫ᾌ ZHH CFADsὨ ֯ 3.8МȲ֫ᾌ ​ ЄЊц

Ꞌצ ȲҠѿᵓӣZHHẃѩ Ṇ ᾼ ⇔ȴ֪ױȲѩ ϝ 40 

dBZ ⇔Ȳֽ 3.8Мּמᴥ ἬӱȲ֯0.1%֝ד 5/26ȳ6/13

⇔Ꞌ ὑ8еṭȳ6/14 ⇔ẞ8еṭҿҢȲᴖẔ҃ҳ 0.1%

⇔ꞋЊὑ8еṭȴѩ ϝ ֫ᾌӂᶁ [ 3.13(a)]֯ 30dBZ

⇔МȲ5/26ȳ6/13ц6/14Ꞌ ὑ7еṭȲ ᴖẔ҃ҳ ꞋЊὑ7е

ṭȷ25 dBZ⇔ Ɫ5/26ȳ6/13ּ8.5פеṭȲ 8еṭȲפ6/14ּ

Ẕ ꞋЊὑ8еṭȴ ṓῶ3.3ȴ 

(2) ZDR (Differential reflectivity, ч ) 

    ZDR ​ ЄЊצ Ȳ֪ױ 3.13(b)ᾼӂᶁ ὨכẃȲ5/26ȳ6/13

ד ὑẔ҃Х ֯1еṭצ ЄᾼZDR Ȳ҅ῶצ Єᾼ​ ȲCFADs 

1% ֯ᵅ Ἃᴼẞ2dBҿҢ( 3.9)ȴ ПҵȲױ 3.9ὨϷҠѿ

ẞZDRכ ⇔ᾼ оȲϝ ҳеṭѿϯZDR ᾼ оꞋⱢ֣ϯ ҒȲ

​ῶӱױ ֣ϯ ҒȲẔМ Ғ ЄᾼⱢ5/26ȳ6/13Ȳ Ғ юᾼⱢ6/16ȴ 

    иέԜד иȲ 3.13(b)ц 3.9М ZDR֯ 12еṭҿҢפּ

Ϛצ Є Ȳᴖẞּ10פеṭҿҢZDR Ở юȴяẔ6/5ȳ6/16ױẒ
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ⱢὙ Ȳ 3.13(b)῀ZDR֯ 12еṭ צ⇔ Є ȴ ױ ֪

Ҡ Ɫ֯ (12еṭҿҢ)ѿѱᾭԜד ІⱢѻȲ צ ЄᾼZDR Ȳ

Ԝד ІἏϯ Ȳ МӦὑ Ӣ ֥ (aggregation)Ȳѱᾭᾼ

Ԝד І כ֥ Є ѹЛ ⁄ᶮᾭᾼԜ ȲӦὑ ᴖ כ в

ZHHȳZVVᾼӂᶁ ῺȲṿZDRד юȴ 

    5/26֯ ד Ẕ҃ ҏ Є ҪЛὙ ȲẔ ֪Ɫױ

ὑ ᾼ Ӵ ☼Ṇ Ȳצ ᾼϱс ☼ȴϱс ☼ ἉϯᾼѬ Ἇ

ϱ Ȳ ֯ צ ᵐѬ ẞԜד І Ӣ (accretion)ᾼ Ȳṿ

8еṭẞ12еṭҿҢꞋѿ Є ᾼԜ ⱢѻȲ ZDR оЛЄȴ 

(3) KDP (Specific differential phase shift, ѩ ᴯד )  

    KDP Ѭᵶ ֵ צ ȴ 3.13(c) ӱKDPᾼ Ὠ ZDRדчȲ

֯1еṭ צ6/16⇔ ЄᾼKDP Ȳ5/26ȳ6/13 KDP ד⁯ Њȷ 3.10

ӱ5/26ȳ6/13 CFADs 1%֯ᵅ Á km-1ȲᴖẔ 0.7צפּ ᾼ 1%

Ἃᴼẞ1Á km-1ȲяẔ6/5ȳ6/16 1%ꜙ ᴟ 1Á km-1Ȳױῶӱ

6/5ц6/16צ Єᾼ Ѭᵶ ȴױҵȲ 3.10Мϝ ҳеṭѿϯ(

) KDP Ꞌ֣ϯ ҒȲױῶӱ Ѭᵶ ϯ֣צ Ғᾼ ᶮȴ 

    KDP ᾼ о ᶮ ZDRדᴿȴ 3.13(c)ц3.10М 6/5ц6/16

֯ ⇔12еṭҿҢKDPצ Є ȷ5/26ц6/13(6еṭѿϱ)KDP

оЛЄȴ 5/26ц6/13Ẓ Ӵᾼ ☼Ṇ ֪Ɫצ Єϱс ☼ᾼ

…Ȳ ѿЄ Ԝד ІⱢѻȲṿ ₣᾿ȳѬӂѠ֣דᴯ оדᴿ

ṿ KDP Њȴ 

(4) RHV (Correlation coefficient, ד … )ȳLDR (Linear depolarization ratio, 

ѩ) 

    ᵓӣRHV ( 3.11)LDR ( 3.12)Ẓ ᵒ ϝ ᾼԜѬ
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ד Ȳḕ RHVצХеṭҿҢפּ֯ юȳLDR Ғᾼ ᶮȲױῶ

ӱ֯Хеṭ ⇔ҿҢצԜѬ ֥ᾼ ᶮἬ ȴ ѩ ϝ

(Хеṭ ) RHVȳLDR о ⇔ᾼֵ Ȳ 3.11(a)ȳ(e)Ẓ Ҡѿכẞ֯

(Хеṭ ) RHV о−юȷדчᾼȲ 3.11(bȳcȳdȳfȳg) RHV

צ Ὑ юᾼ ȴɲ֝ Ȳ 3.12 LDR Ϸדצᴿᾼ ὨȲ 3.12(a)ȳ

(e) МȲLDR֯Хеṭ о ЛὙ Ȳ ᴖẔ҃ 3.12(bȳcȳdȳfȳg) 

LDRצὙ Ғᾼ ᶮȴױ ῶӱ5/26ȳ6/13Ẓ ד ὑẔ҃ Ԝ

Ѭ ד ЛὙ (RHVȳLDR оЛЄ)Ȳ ֪ⱢױẒщⱢ Ӵᾼ ​Ṇ Ȳ

ᾼ ☼ȲḥצὙ ᾼ ד ȴ ӂᶁ 3.13(d)ȳ(e)МϷ

ᾼ֝דצ Ὠȴ 

    ֥ѿϱиέȲ о Ὠ 5/26ȳ6/13Ẓ ☼ ⇔

Ȳ ⇔1еṭ צ Єᾼ​ (ZDR Є)ȳ юᾼ Ѭᵶ (KDP Њ)Ȳ

⇔5еṭ RHVȳLDR ὨכẃԜѬ ֥ Ϸ ЛὙ ȴҫҵ6/5ц6/16

ὨӔֻדчȲױẒ ☼ ⇔ Ȳɑ1еṭ ⇔​ Њ(ZDR Њ)ȳ

Ѭᵶ ֵ(KDP Є)Ȳצ Ὑ ᾼԜѬ ֥ ȴϷҠ CFADsὨ

֯ῶ 3.3Ȳѩ ϝ ḆὙ ᾼ ϝ Мצ−Ὑ ᾼẒ Ȳ Ϛ

Ɫ ⇔ ᾼ ☼ Ӵ ѬṆ (5/26ȳ6/13)ȷ ϡ Ɫ ᶙ ᾼMCS

Ṇ (6/5ȳ6/16)ȴ 

3.3  ᾬ иέ Ὠ 

  Kumjian et al.(2014)ᾼѠᾎ( 1.5)ӣ֯ϝ МȲ Ὠֽ 3.14ȲӦ

ὑ0.5еṭᾼ ₇ ЛṾȲ֪ױἉ ӣ1еṭẃ Ȳᴖ ⁄

ӣ 4еṭ(Ӧὑү ᴯ Єּפᴯὑ 4.5~5еṭҿҢȲ֪ױ ӣ 4е

ṭᴯ Ȳ 4еṭѿϯ҅ῶ )ȴ 
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    Ӑׁשṅѿ ὧᴫѠ֣20еṭȳ⁮ҖѠ֣20еṭᾼӔѠᶮⱢ ᴯẃ ӂ

ᶁᾼЎZHHȳЎZDRȲӦὑᶦ ẞ ֵᾼ ȲӐׁשṅ ӔѠᶮᾼМїױ ֯

ϱ (ֽ 3.16)ȴҫҵⱢϠиᵑҏ ᾭц ☼ ​ᾼ ᾬ Ȳ ӔѠᶮ

в ☼ ​ҜἬצ ᾼ50%ѿϱȲ⁄иⱢ ☼ ​ȷ ӔѠᶮ в ᾭ

​ҜἬצ ᾼ50%ѿϱȲ⁄иⱢ ᾭ ​ȴ 

    3.14(a)~(g)ⱢиᵑⱢϝ ᾼ ᾬ ὨȲ МἉ ᾼᴥ Ɫḕ

2020еṭ Ἤ ẞᾼЎZHHцЎZDRȲᴥ ṿӣᴍиѩᾼѠהῶӱȲ҅ῶ

Мᾼᴯ Ȳ Ὠ ӱЎZHHȳЎZDRꞋиӁ֯ ֥ צ Єᾼᴍиѩȷ

ҵȲױ ᴥ ᶮᾼ Ɫ ☼ ​ᾼЎZHHȳЎZDRӂᶁȲ ᴥ╦╦ Ɫ ☼ ​

ᾼЎZHHȳЎZDRӂᶁȷ 3.14(h)ⱢЛ֝ ☼ ​ЎZHHȳЎZDRᾼӂᶁ ȴ֪ױ

3.14(h)Ὠ 5/26ȳ6/13( Ϛ ȸ ⇔ Ὑצ( ᾼ ֥

ᴥמּ) ц ᴥ ῺҢϱѠ)ȷ6/5ȳ6/16( ϡ ) ֥ ЛὙ

( ῺМї)ȴ 

3.4  DSDиέ Ὠ 

    Ὼ֮ DSDиέ Ϡ​ ҵȲϷצ S-POL ч ὨȲֽ

3.17ȴ Мḕ ⱢậЛ֝ZHH  DmȳNWᾼӂᶁȲẔӭᾼⱢϠ ֯Л֝

​ ⇔ϯDSDᾼ оⱢ ȲJ Ҡ῀ ​ ⇔ ЄẔDSD ἏҢꜙᴟ

ҢϱѠ (̔ ῶ ֫ᾌ ⇔ Ғ Ȳ​ Є ѹꜙᴟ Ϸ Ғ)ȴ 

    ╥​ ╥ч Ẓ Ὠѩ Ẕ ד− ȲR Ϛ ᾼ

-ᴥȳ6/13מּ-5/26) ᴥ)ꞋⱢ​ Є ȳ юȲ ϡ (6/5- ᴥȳ6/16-

ᴥ)Ɫ​ Њ ȳ ֵȴᵓӣZHH  40~45dBZᾼDSDӂᶁ Ὠ

( 3.17Мѿᴏֿ ò * òῶӱ) о Ὠ ᴩѩ Ȳ Ϛ ​

ד Ẕ҃ Ɫ​ Єȳ юȸDmּפⱢ2 mmȳNWּפⱢ3.6 mm-1m-
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3Ȳ ẞCFADsדᴿ Ὠ֯ ⇔ϒеṭ ЄZDRȳ ЊKDP ȸӂᶁZDRּפ

Ɫ1 dBȳKDPּפⱢ0.2 Á km-1ȲῶӱצЄ​ ȳ Ѭᵶ юȷ ϡ ​ Ɫ

​ Њȳ ֵȸDmּפⱢ1.8 mmȳNWּפⱢ3.8 mm-1m-3Ȳ ẞCFADsד

ᴿ Ὠ֯ϒеṭ ЄZDRȳ ЊKDP ȸӂᶁZDRּפⱢ0.6 dBȳKDPּפⱢ0.5 Á 

km-1ȲⱢЊ​ ȳ Ѭᵶ (ֽ ῶ3.3)ȴ 

ҵϷױ ​ иӁѩ ч иӁ ȲẔ ֪Ҡ Ɫ​

Ɫ ᾼ ȲẔҠѿ ẞ ᾼЄ​ цЊ​ Ȳ ᴖ Ɫ

έ ᾼӂᶁȲ ὔ Є​ цЊ​ ӂᶁ Ȳ╝דױ ​ Ẕиᵉ

ȴ 

3.5  PIDиέ Ὠ 

    ӦὑЛ֝Ѭ І( ֯(דȳԜד ֢ о ᶁצЛ֝ᾼ ἤȲ

ṅṿӣS-POLשӐׁױ֪ ᴩѬ Іи (Precipitation Identified, PID)

ẃ ϝ ​ ἤᾼ ȴѬ Іи ᵓӣ (fozzy logic)Ѡᾎ

ᾼ Ѭ и Ȳиכ ​(rain)ȳ (graupel)ȳ (snow)ȳԜ(ice)

ᵑȲӐׁשṅ и ẞᾼ ​ѿц ᵶ ӂᶁ ẞ 3.18ȴ 

    3.18(a)Ɫ Ѭ Іи ∟ ẞᾼӂᶁ Ѭᵶ Ȳᴖ 3.18(b)

Ɫӂᶁᾼ ֵ ȴ 3.18Ὠ ӱ Ϛ ᾼṆ (5/26ȳ6/13)Ꞌצ юᾼ

Ѭᵶ Ȳᵀ Ꞌ ẞ ᾼ ⇔ȷ ϡ )чȲ6/5ד⁄ ᴥ)ȳ6/16(

ᴥ)ẒщꞋᵶצ ᾼ​( Ѭᵶ )Ȳᵀ ᵅѹ юȴ 

3.6  ֥ иέ  

    ц֮ ​ иέϝ ​ Ȳϝ МצὙ ᾼ

Ẓ ᾼ  (ֽ ῶ3.3)ȸ 



27 

 

¡  ☼ Ӵ ѬṆ (5/26ȳ6/13)ȸ 

    Ɫ Ӵᾼ ☼Ṇ ȲẔ ⇔ ȳἉ ( 1еṭ)צ ЄᾼӂᶁZDR (

Єᾼ​ )ȳ ЊᾼӂᶁKDP ( юᾼ Ѭᵶ )ȳ ԜѬ ֥ ЛὙ ȳ

Ὑצ ᾼ ֥ (ZHHц ZDR Ꞌ֣ϯ Ғ)ȷῺ֮ ​

Ϸ ӱ Єᾼ​ ᵀ юȷPIDὨ ӱԜ ⇔ ȳ Ѭᵶ

( ​) юȴ 

צ  ¢ ἤᾼMCSṆ (6/5ȳ6/16)ȸ 

    Ꞌẃᴞὑ⁮ ᾼἏҖ ү ᾼṆ ȲẔ ☼ ᵅȳ1еṭ צ⇔ Њ

ᾼӂᶁZDR ( Њᾼ​ )ȳ ЄᾼӂᶁKDP ( ֵᾼ Ѭᵶ ) ȳ Ԝ

Ѭ ֥ Ὑ ȳ М ֥ ЛὙ ȷῺ֮ ​ Ϸ ӱ

Њᾼ​ ᵀ ֵȷPIDὨ ӱԜ ⇔ ᵅѹ юȳ Ѭᵶ (

​) ȴ 

Ẓױ   Ϸ Bringi et al.(2003)ᾼ Ὠדẻ Ȳ Ϛ Ɫ ӴᾼṆ Ȳ​

Є юᾼ ☼ ​ȲẔ ☼ Ȳ ֣ὑBringi et al.(2003)ứ

ᾼЄ ₤ ☼ ​ȷчП ϡ Ɫ​ Њ ֵȲ ᵅȲ ֣ὑ ◦

₤ ☼ȴױҵ ᾬ ᾼṔ⇔ẃכȲ ​ ֵ Њ ȲѬ Ὲ ῶ

ЄȲ ὔṿ   ᴖ Ғ Ѭ Ȳ֪ױ ϡ Ṇ ḥṪ

ᵀ⁯Ҡ כ ֵ Ѭ(KDP )ȴ 

    Ӑׁשṅ Ϛ и ὨМ Ϛ ȲדᴿᾼDSD ẞדᴿᾼ₣᾿

ц ᾬ ȲẂֽ Ϛ DSD ӱצЄᾼDmȳЊᾼNWȲẔ₣᾿

ѹ ẞϚеṭ Єᾼ ZDR ( Єᾼ​ )ц Њᾼ KDP ( юᾼ

Ѭᵶ )Ȳѹ ZDR ֣ϯ Ғ ⇔ЄȲ҅ῶ​ ֣ϯ Ғᶶ Ȳ֪ױ

֥ Ϸ Ὑ Ȳ ϡ Ϸ╥ֽױȴӦὑḕ ☼ῴỞȳ ԛẞ

DSD ἬḂצ Ȳ֪֯ױ ᾼиέМ(Ӑѝ ҳ )ʌ Лԛѿ ᾼ
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Ѡה Ẕ ₣᾿ ᾼ …Ȳ ᾿ ѿDSDᾼ Ὠẃи Ȳ᷄ҏЛ֝DSD

ᶮϯ ẞ₣᾿ ц ᾬ ᾼ ȴ 
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ҳ  Л֮֝ DSDᾼ ᾬ  

    Ӑׁשṅ ϡ и ⁮ᴫד2008 ☼ Ἤצᾼ ​ṶԈȲ ֮ ​

и68כԚ48 ἤ Ȳ ḕ ἤ Ἤ ᾼӔϱѠ

ӂᶁȲ᷄ẞЛ֝ ἤ М ( ᾬ ȳ ἤ)ᾼ ȴ 

4.1  иῺ֮ DSDὨѠᾎЮ  

    ᴫ⁮ ☼ ῺẒ ѣᾼ 2DVD Ȳ2DVD Ɫ ֥

ḕ7.5и Ϛ ֽ 4.1Ȳ ֮ ​ и68כ

Ԛ48 ἤ (ֽ 4.1М ᴥ І)Ȳḕ ⱢDm 0.25(mm)ȳlogNW

0.25(mm-1m-3)ȴ ḕ ἤ Ἤ ᾼӔϱѠ ӂᶁȲ

(ֽ 4.2)Ɫ​ ›∟ҿҢ֢10еṭ ⇔20еṭȲ έ⇔Ɫ0.5еṭȴ 

4.1Мḕ Л֝צ ᾼ​ Ȳ ḕ ​

ӔϱѠ ⇔ᾼӂᶁȲҠѿ ẞϚ ӂᶁ ҅ῶ ⇔ᾼ

оȲ֪ױ Мצ ​ Ȳ ẞ ӂᶁ ȲҠӣẃи

έѬ І​ ֯ῈМᾼ ᾬ ȴֽ 4.3Ȳ֯Dm 1.75~2ѹlogNW

3.5~3.75ᾼ М71צ​ ( ẞ71 ) Ҡѿ ẞ

71ӂᶁ ȴ 

    ԛ М ẞᾼἬצӂᶁ ( 4.3(b)Мᾼӂᶁ )ậӂᶁ ц Ȳ

Ẕ Ὠֽ 4.4(b)ȲױҵϷҠ ṷӂᶁ ( ⇔ᾼ о)Ȳֽ

4.4(c)М4еṭѿϯ( )ᾼ ȴ 

    4.4ᾼϮ (a)(b)(c)┬ Л֝ ᴯ ԝ∟Ȳ ẞ 4.5 - 4.9ȲẔ

М Ɫ​ (Dm)Ȳ Ɫ​ (logNW)Ȳ֪ױ ҿϯѠ҅ῶ​ Њ

ѹ Ϸюᾼ ȷ ҢϱѠ҅ῶ​ Єѹ Ϸֵᾼ ȴᶺ Ҡѿ
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Ӧ 4.5 - 4.9иέЛ֝ М (ZHHȳZDRȳKDPȳRHVȳLDR)₣᾿

ᾼ ȴ 

4.2  Л֝ ₣᾿ иέ 

4.5 - 4.9МȲḕ Ϛצ Њ ҅ῶױ ӔϱѠᾼ Ȳ

Ɫḕ ᾼ (Ẃֽ 4.5Ɫ֫ᾌ ZHHȲẔ -5 ~ 45 dBZ)Ȳ

Ɫ ⇔(0 ~ 16еṭ)Ȳ МҿϱṔ( 4.5ȳ 4.7)ἨҢϱṔ( 4.6ȳ 4.8ц

4.9)ᾼ ֿиᵑⱢ​ Ἤ ᾼ ​ (mmhr-1)ȳ֫ᾌ (dBZ)ȳ Ѭ

ᵶ (gm-3)ц​ ȴּמᴥ ⱢḕϚᴩᾼӂᶁ(֝דlogNW ᾼ

מּ Ꞌ֝ד)Ȳ ᴥ ⱢḕϚԝᾼӂᶁ(֝דDm ᾼ ᴥ Ꞌ֝ד)Ȳ֯

иέМҠѿḆὙ ᵓӣּמᴥц ᴥ ẃכЛ֝ М₣᾿ ᾼ ȴ 

ѩ ZHH֯Л֝ ᾼ (ֽ 4.5)Ȳѩ ᴥמּ Ȳ֯֝דNWᾼ ᾓϯ

ᴥמּ Ꞌ֝דȲ֪ױѩ NW֝ד ᵀЛ֝DmЄЊᾼ ȲDm Єᾼ

ᴥ ἏҢ Ȳꜙᴟצ מּ (ᴯ ὑּמ ᾼҢ )ȲẂֽ Dm 

1~1.25ȳlogNW 3.5~3.75Ȳױ ֯ ⇔ҳеṭѿϯ ᴥ ӂᶁᴯὑ30 dBZҿ

Ңᾼᴯ Ȳᴖּמᴥӂᶁ ЄּפⱢ35 dBZȷ​ Ғ ȲDm 2~2.25ȳlogNW 

3.5~3.75ᾼ ֯ ⇔ҳеṭѿϯ ᴥ ӂᶁ Ғẞ40 dBZ (ּמᴥ 35 

dBZ)ȴѩ ᴥ Ȳ֯֝דצDm ᾼ М ᴥ Ꞌ֝דȲ֪ױѩ ֝ד

Dm ᵀЛ֝NWЄЊᾼ Ȳ NW Єᾼ ᴥ ἏҢ ꜙᴟᴯ

ὑ ᾼҢ ȲẂֽDm 1.75~2ȳlogNW 3~3.25Ȳױ ֯ ⇔ҳеṭѿϯ ᴥ

ӂᶁᴯὑ30 dBZҿҢᾼᴯ Ȳᴖ ᴥӂᶁ ЄּפⱢ35 dBZȷ​ ֵ

(logNW Ғ)ȲDm 1.75~2ȳlogNW 3.5~3.75ᾼ ֯ ⇔ҳеṭѿϯ ᴥ

ӂᶁ Ғּ32פ dBZȷᴖDm 1.75~2ȳlogNW 3.75~4⇔ҳеṭѿϯ ᴥ ӂᶁ

Ғẞּ39פ dBZ(ᴥ )Ȳױῶӱ​ Є (Dm Є)Ἠ ֵ(logNW



31 

 

Є)Ȳ֫ᾌ ȲяẔ֯ҳеṭѿϯ( )ḆⱢὙ ȴѩ ᾼ֫ᾌ

Ȳ֯֝ד NW ᾓϯȲ​ Є Ȳ֫ᾌ Ὑ Ғ( ᴥ ἏҢ )Ȳᵀ

​ ҒȲ ֫ᾌ оṳЛὙ Ȳױῶӱ֮ ẞ Є ᾼ​ Ṇ

⇔ צ ȴ 

ѩ ZDR֯ Л֝ ᾼ (ֽ 4.6)Ȳѩ ᴥמּ Ȳ֯֝דNWᾼ

ᾓϯּמᴥ Ꞌ֝דȲ֪ױѩ NW֝ד ᵀЛ֝DmЄЊᾼ ȲDm Єᾼ

ᴥ ἏҢ Ȳꜙ ᴟצ מּ (ᴯ ὑּמ ᾼҢ )ȲѿlogNW

Ɫ 3.5~3.75ᾼ ⱢẂȲױ ᾼ Мҳеṭѿϯ ᴥ ӂᶁ Ɫפּ

0.5dBȲ֯Dm 1~1.25ȳlogNW 3.5~3.75ᾼ Мҳеṭѿϯ ᴥ ꞋЊὑ0.5 

dBȷᵀ Dm ҒȲDm 2~2.25ȳlogNW 3.5~3.75ᾼ ᴥ ӂᶁ Ғẞ

0.7 dBҿҢȴ ᴖѩ Dm֝ד Л֝NWᾼ ᴥ ᴥ ד−

ᴿṳḥצὙ ᾼ ȴױ ὨῶӱZDR ​ ЄЊ צ ȴ 

ѩ KDP֯ Л֝ ᾼ (ֽ 4.7)ȲKDP Ὠ ZHH ὨדᴿȲ​

Єȳ ֵȲKDP Єȴѩ ֝ד NW ᵀЛ֝ DmЄЊᾼ

(Ẕּמᴥ Ꞌ֝ד)ȲDm Єᾼ ᴥ ἏҢ Ȳꜙᴟצ מּ

(ᴯ ὑּמ ᾼҢ )ȲẂֽDm 1~1.25ȳlogNW 3.5~3.75Ȳҳеṭѿϯּמᴥ

ӂᶁ Ɫ0.07 Á km-1Ȳפּ ᴥ ​Ɫ0.05 Á km-1ȷפּ ҒẞDm 2~2.25ȳ

logNW 3.5~3.75Ȳ ⇔ҳеṭѿϯ ᴥ ӂᶁ Ғẞּ0.1פ Á km-1 (

ᴥמּ )ȴѩ Dm֝ד ᵀЛ֝NWЄЊᾼ (Ẕ ᴥ Ꞌ֝ד)Ȳ NW

Єᾼ ᴥ ἏҢ ꜙᴟᴯὑ ᾼҢ ȲẂֽ Dm 1.75~2ȳlogNW 

3~3.25Ȳױ ֯ ⇔ҳеṭѿϯ ᴥ ӂᶁּפⱢ0.09 Á km-1Ȳ ᴥ ӂᶁ

ЊּפⱢ0.05 Á km-1ȷ​ ֵ (logNW Ғ)ȲDm 1.75~2ȳlogNW 4~4.25

⇔ҳеṭѿϯ ᴥ ӂᶁ Ғẞּ0.09פ Á km-1 ( ᴥ Ὼ)ȴױῶӱ​ Є

(Dm Є)Ἠ ֵ(logNW Є) Ȳҳеṭѿϯ( ) Ϡ֫ᾌ
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ҵȲ Ѭᵶ Ϸ ֵȴ 

ѩ RHVцLDRẒ Ȳֽ 4.8ȳ4.9ȲẔ Єᾼ иꞋᴯὑМ (ҳ

ẞгеṭҿҢ)Ȳѿּמᴥ Ɫ Ȳѩ NW֝ד М ᴥ ᾼ Ȳ Dm

ЄȲӂᶁRHV ἏҢ (RHV Ғ)ѹד Ẕ҃ ⇔֯ 4.5еṭҿҢ RHVҏ

Њ ᾼ ᶮ ЛὙ ȳLDR Ἇҿ (LDR ю)ѹד Ẕ҃ ⇔֯4.5е

ṭҿҢLDRҏ Є ᶮ ЛὙ ȲẂֽDm 1~1.25ȳlogNW 3.5~3.75Ȳ

4.5еṭ ⇔RHVȳLDRּמᴥ Ɫ0.97ȳ-20.5 dBȲפּ ᴥ Ɫ0.97ȳ-21.7 dBȷפּ

​ ҒẞDm 2~2.25ȳlogNW 3.5~3.75Ȳ4.5еṭ ⇔ ᴥ ӂᶁRHV

Ғẞּ0.98פȳLDR юּ22-פ dBȴ֝ Ȳѿ ᴥ Ɫ Ȳѩ Dm֝ד ᾓϯ

ᴥ ᾼ Ȳ NW ЄȲӂᶁ RHV Ϸ ἏҢ ṳѹ (4.5 kmҿҢ

⇔)RHVҏ Њ ᶮ ЛὙ ȳLDR Ϸ Ἇҿ ѹ (4.5 kmҿҢ

⇔)LDRҏ Є ᶮЛὙ ȲẂֽDm 1.75~2ȳlogNW 3~3.25Ȳױ ֯ ⇔

4.5еṭRHVȳLDR ᴥ ӂᶁּפⱢ0.97ȳ-21.5 dBȲ ᴥ Ɫ0.97ȳ-21 dBȷפּ

​ ֵ (logNW Ғ)ȲDm 1.75~2ȳlogNW 4~4.25ּפ ⇔4.5еṭ ᴥ

ӂᶁRHVṷ Ғẞּ0.98פѹLDR юּ22-פ dBȴױ Ὠῶӱ ​ Єȳ

ֵṆ ȳϱс ☼ Ȳ ‐ ЛὙ ȴ 

4.5 - 4.9 ҠѿכҏЛ֝ М ṷצ ᾼ Ȳ ᴖ 4.5 -

4.9Мᵶצыֵ Ȳ֪ױ һ оכҳ Ԍẃ ȲиᵑצἉ (1еṭ)

ӂᶁȳỆứ֫ᾌ ⇔ȳҳеṭѿϯ( ) ц (‐ )ҳ

иȴ 

    ֯ѿϯᾼиέМȲӦὑצᾼ ЛṜ(ẂֽDm 2.25~2.5ȳlogNW 3.75~4

МҬצẒ ​ )Ȳ֯ ϱḥצṜ ᾼ҅ῶἤȲ֪ױӐׁשṅ

ҏ Ṝ ᾼ ȸ Єὑ9Ȳẃ ᴩиέ(ֽ 4.10 - 4.12М ᴥ

вᾼ )ȴ 
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(1) Ἁ (1 km)  

    4.10Мᾼ ֿⱢ1еṭ ᾼӂᶁ Ȳ 4.10(a)ȳ(b)ȳ(c)иᵑ

Ɫ ZHH ȳZDR ȳKDP ȴẔМ ​ Є ֵ( Ἇ 4.10(a)(c)Ң

ϱѠ)ᾼ Ȳ1еṭZHHӂᶁ 26 dBZҒẞ42 dBZȲKDP 0.02Á 

km-1 Ғẞ0.14Á km-1ҿҢȲױῶӱ​ Є ֵ ֫ᾌ ȳ Ѭ

ᵶ ȴֵ ᴖZDR צ ​ Ғᴖ Єᾼ Ȳ Dm ҒZDR

0.3dBҒẞ 0.7ꜙᴟ0.8dBȲῶӱ֮ ẞ​ Є ȲἉ Ἤ

ẞᾼZDR Ϸ Єȴ 

(2) Ệứ֫ᾌ(ZHH) ⇔ 

    ứЛ֝֫ᾌ (20 dBZȳ15 dBZȳ10 dBZȳ5 dBZ)Л֝ М֫

ᾌ ⇔ᾼ Ȳֽ 4.11ȴ Мᾼ ֿⱢ֫ᾌ ᾼ ⇔Ȳ ᴯⱢеṭȴ

4.11ӱȲ​ Є ֵ ֫ᾌ ⇔ ȲяẔ֯ 20dBZ [

4.11(a)М] Ὑ ȲẔ ⇔ 6еṭ Ғẞ9еṭȷᴖ 4.11(b)ȳ(c)ȳ(d)М

ḥ ᾎṪ Ὑ ᾼכҏDSD ⁄ᾼ ⇔ иӁȲяẔ10 dBZȳ

5 dBZ[ 4.11(c)ȳ(d)]иӁ Ȳ֪ױ∂ ӑẃҠѿᵓӣ20 dBZẃᵒ Ṇ

⇔ȴ 

(3) ҳеṭѿϯ( )  

    ѩ 48 Мҳеṭѿϯ( )ᾼ Ȳ 4.12Мᾼ ֿᵛ

Ɫ Ȳ ᴥ҅ῶ Ɫ Ȳ ֣ϯ ҒȲ ᴥ ᴥ ֣ϯ Ғ

ֵȷּמᴥ҅ῶ ⱢӔ Ȳ ֣ϯ юȲּמᴥ ᴥ ֣ϯ ю

ֵȴ 

    4.12(a)ȳ(c)Ὠ ӱȲ Ἇ ҢϱѠ ᴥ ᴥ ȲẔῶӱ​ Є

ֵ ȲZHHȳKDP ֣ϯ Ғ ֵȲяẔ ZHH Ӕ כ

( ᴥמּ ᴥԛ כ ᴥ)ȲӐẃ ֣ϯ юȳЛ ẞ֣ϯ Ғᾼ ȴɲ
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ױ Ὠ ӱ ​ Є ֵȲ֫ᾌц Ѭᵶ Ἇ֮ Ғ ֵȴ

ᴖ 4.12(b)М ZDR Ἇ ҢѠ ᴥ ȲẔῶӱ ​

Ғᴖ ю(ZDR ֣ϯ Ғ)Ȳ҅ῶ֮ ẞ​ ЄȲZDR ֣ϯ Ғ

ֵȴ 

(4) (‐ ) 

    Ӑׁשṅᵓӣ ZHHȳRHVȳLDRϮ ‐ Ȳֽ 4.13֯‐

ᴯ (ү פּ 5еṭҿҢ)ZHH Ϛצ Є ҏ ȲắẞԜѬ ᾼד

RHV юȳLDR Ғȴ 

ױ֪     ҳẞгеṭZHHӂᶁ ẃᵒ ḕ ╥ᵡצ‐ Ȳ

Є ҏ ֯ҳеṭцгеṭП ᵒ Ɫצ‐ Ȳ Є Ӕֻҏ ֯ҳ

еṭἨгеṭᾼᴯ ⁄ᵒ Ɫ ‐ ȴ Ὠֽ 4.14(a)ȲҬצҿϯṔϫ

‐צ ȲZHH Є Ꞌᴯὑ4.5еṭҿҢȲױҵѩ ZHH Є

ᾼ Ȳֽ 4.14(b)ἬӱȲ ​ Є ֵ ẔZHH֯4.5еṭ ᾼ

Є Єȴ 

    ᴖẔ҃ ֯ZHH ᾼ ἤϱḥכẞ‐ ᾼҏ ȲT ắԜ

Ѭ ᾼד ȲRHVцLDR Ьצṷ ᾼ о( 4.8ȳ4.9Ҡѿ )Ȳ֪ױ

ᶺ ѿ ZHH Є ⇔Ɫ ѩ Ẕӂᶁ ᾼ Ȳֽ 4.14(c)(d)ȲҠѿכ

ẞ ​ Є ֵRHV ṷצ ᾼ Ғ(0.97Ғẞ0.98)ȳLDR

ю(-20юẞ-22)ȲẔῶӱ ​ Є ֵӦὑṆ Ȳ֪ױ

ԜѬ ד ᶮ ЛὙ ȴ 

4.3  Л֝ ᾬ иέ 

    ᵓӣ Kumjian et al.(2015)ᾼѠᾎứ Л֝ ᾬ ᾼ Ȳֽ

4.15ȲẔМҿϱṔᾼ ІⱢ 48 ȲẔМᾼ ᴥ҅ῶЛ֝ᾼ Ἤ
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ᾼ ᾬ ȴ 48 ҿϯṔ(​ Њ ю)ẞҢϱṔ(​ Є ֵ)Ȳ

​ Њ Ϸюᾼ ( 4.15(a))ᾬ Ꞌᴯὑҳ М ꜙᴟ

ẞ и (breakup)ȳ (evaporation)ᾼ ᶮȴ 4.15(b)​ ד Є

ֵ Ȳ ᾬ М Ἇ ֥ (collision coalescence)Ȳ

(c)~(d) ῺҢϱѠ(​ Є ֵ) ֥ Ὑ ȴ 

4.4  ֥иέ  

    Ӑׁשṅ ϡ иᵓӣ֮ ẞᾼ​ ЄЊц ֵ ​Ṇ и

ȲԚи48כ Ȳѩ Л֝ ​₣᾿ ᾼ ȲẔ Ὠֽῶ

4.1ȸ 

¡  ​ (Dm) Єѹ (NW) ֵ ȲἉ (1km) ZHHȳKDP ЄȳZHHȳ

KDP֣ ϯ Ғ ֵȳṆ ⇔ ѹ ֥ Ϸ Ὑ ȴ 

¢  ZDR ​ ד Ȳ​ ЄἉ (1km) ZDR Єȳ֣ϯ ҒϷ

ֵȴ 

ױҵȲӦױ     Ὠᶦ ӑẃ╠ṿḥצ​ ᶺ ϷҠѿ Ӧ

֮ DSDᾼ Ὠ(Ẃֽ ϱᾼṆ )Ȳꜙ ᴟ֯Ҭצ ᾼ֮ѠϷ ӦZHH

⇔ᾼ о(ZHH vertical profile)῀֮ DSDᾼ Ὠȴ 
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Х  ӑẃ  

5.1   

     Ӑׁשṅᵓӣ о ц֮ ​ Ẓ ẃиέ ᴫד2008

⁮ ☼ ​ṶԈᾼ ᾬ ц ἤȴӐׁשṅԚצẒ иȲ Ԓ╚

ᴫד ☼ ϝ ​ Ȳ ὨצẒ ȸ ¡ ☼ Ӵ ​Ṇ

(5/26ȳ6/13)  ¢ צ ἤᾼMCSṆ (6/5ȳ6/16)Ȳ ᴿᾼ֮ ​ и

Ӂ(DSD)Ὠ ẞ ᴿᾼ ​ ц ἤȴ֪֯ױ ϡ иМȲЛԛᵓӣ

ᾼѠהẃ Л֝ ​Ṇ ᾼ Ȳᴖ╥᾿ Л֝DSDᾼ ᾬ

Ȳ Ὠֽϯȸ 

(1) ϝ ​ иέ Ὠ 

    ֯ϝ МȲ5/26ц6/13Ɫ Ӵᾼ ​Ṇ ȷ6/14ȳ6/2ц6/4Ɫ

ἤ ☼ ү ֣ὧ Ϥү ȷ6/5ц6/16ⱢМѐ⇔ ☼Ṇ (MCS)Ӧ⁮

֣Җ ү в ȴẔ ​ ἤиέ Ὠϝ Ὑצ ᾼẒ ȸ 

¡ 5/26ȳ6/13 

    ZHH ⇔ ȳЄᾼZDR ȳЊᾼKDP Ȳѹ ẞ​

ЄᾼDmȳЊᾼNWȴӦצ оҠכҏױ ​ ₤МצὙ ᾼ

֥ ѹԜѬ ד ЛὙ ȴPIDὨ צ ѹֵᾼ

(Graupel)ȳ Ѭᵶ юȴ 

¢ 6/5ȳ6/16 

ZHH ⇔ ᵅȳЊᾼZDR ȳЄᾼKDP Ȳѹ ẞ​

ЊᾼDmȳЄᾼNWȴӦצ оҠכҏױ ​ ₤М ֥

ЛὙ ȳT Ὑצ ᾼԜѬ ד ȴɲPIDὨ (Graupel)ᵶ юȳ

Ѭᵶ ֵȴ 

    ѿϱ Ὠ ϝ М Ӵᾼ ​Ṇ צ ᴿᾼ ἤȸ ☼Ṇ ȳ
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ȳ​ Єᵀ Ѭᵶ юȷ ⁮ Җ Ϥү ᾼẒ

Ϸצ− ᴿᾼ ἤȸ ⇔Л ȳ​ Њᵀ Ѭᵶ ȴ ᴖ

ү ϤᾼϮ ⁯ḥױֽצ ᴿᾼ ​ Ȳᶈ ֯Ẓ ᵑ

​₤ М ȴ 

(2) Л֮֝ DSD ᾼ ᾬ  

    ϡ ииέ48 DSD ᾬ ᾼ Ȳ Ὠֽϯȸ 

¡ ZHHȳKDP ​ (Dm)ȳ (NW)Ꞌצ ȴ֮ ẞ​ (Dm)

Є (NW) ֵȲ1еṭZHHȳKDP ЄȲѹ֣ϯ Ғ ֵȲ֫ᾌ(ZHH)

⇔ Ȳ ֥ Ϸ Ὑ ȴ 

¢ ZDR⁄ ​ ЄЊצ ȴ​ ЄȲ1еṭZDR Єѹ֣ϯ

Ғ ֵȴ 

ϡ иᵓӣ​ иӁᾼ (​ ЄЊц ֵ ) ​

Ṇ и Ȳ ֮ ẞ​ Є ֵ ȲẔṆ ⇔ Ȳ

צ ᾼ ​Ȳѹ Ϛ и Ὠד ֥Ȳ ⇔ ᾼ ​ṶԈẔ

֥ Ὑ ȴ 

(3) Ӑѝиέ Ὠ ῀ȲLDR RHV ᴿȲꞋчד ֯ԜѬ ד צ

Є ц Њ ᾼҏ ȴ֪ױȲ╠ṿү ᾼ ḥצLDR ЬҠӣRHVẃᵒ

‐ ȳԜѬ ᾼד ȴ 

5.2  ӑẃ  

    Ӑׁשṅ ᾼ иέү ủ ​ᾼ ᾬ ȲϷᵓӣ​ иӁ

ᾼ ​Ṇ и ȴױ Ὠӑẃ ϠҠѿ ẁ ᾬ ᾼה ҵȲϷᶦ

ϡ иᾼ ὨẃḂ ứ Ѭᴷ … ᾼ ȴ 

(1) ֯ Ϛ и ὨМ ү ϤᾼϮ ​ (6/14ȳ6/2ц 6/4)
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ἤЮὑẒ ₤П ȴצ−ֵ֪ ᾬ ὨȲ֪ױӑẃᶦ

ϩц ϩ Ѡ Ϯ Ȳɪ ᷄ẞẔ ​ ἤᴯὑẒ

П ᾼ ֪ȴ 

(2) ϡ иᵓӣ֮ DSDὨ ​Ṇ и Ȳᶺ Ὑ ᾼ ῀

ᾼ ​ ἤц ᾬ Ȳ֪֯ױӑẃ ẁ ᾬ ה ᴩ ȴ 

(3) ϡ ии Ὠ ῀Ȳ֮ Л֝DSD ẞӔϱѠ ᾼ

ὨȲ֪֯ױӑẃᶦ ῀֮ ​ иӁᾼᾭᾓȴϷ ╥֯

ḥצ​ ᾼ Ϸ ῀֮ ​ иӁᾼ Ȳɲ

ᴖ DSDὨḂ QPEеה… ᾼ ȴ 
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 ῶ 

ῶ2.1  ᴯ  

 ⇔(Á) ⇔(Á) 

SPOL 120.43 22.53 

Supersite(2DVD, J1, P3) 120.62 22.74 

J2 120.6103 22.7014 

J3 120.6175 22.7639 

J4 120.5720 22.7023 

J5 120.6411 22.8169 

P1 120.5769 22.7356 

P2 120.7024 22.7706 

P4 120.5008 22.7553 

P5 22.5951 120.4895 

 

ῶ2.2  11​  

ID mean bias ID mean bias 

2DVD 0 6 (J1) 0.012 

1 (P1) -0.740 7 (J2) 0.028 

2 (P2) -0.899 8 (J3) 0.149 

3 (P3) -1.538 9 (J4) -0.259 

4 (P4) -1.042 10 (J5) 0.199 

5 (P5) -1.194  
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ῶ2.3  о Ю  

Variables Definition Unit Relationship 

Z
HH

 

(reflectivity,֫ᾌ) 
ὈὔὈὨὈ dBZ 

Large Z
HH
 Ÿbig raindrop, 

high concentration 

Z
DR

 

(differential reflectivity, 

ч ) 

ρπÌÏÇ
:((

:66
 dB Large Z

DR
 Ÿ big raindrop 

K
DP

 

(Specific differential 

propagation phase,  

ѩ ᴯד ) 

ρ

ς

Äɮ$0

ÄÒ
 

deg km-1 

(Á km-1 ) 
Large K

DP
 Ÿ high LWC 

R
HV

 

(Correlation coefficient, 

ד … ) 

  Small K
DP
 Ÿ Mixing 

L
DR

 

(Linear depolarization 

ratio, ѩ) 

ρπÌÏÇ
:6(

:ὌὌ
 dB Small L

DR
  Ÿ Mixing 
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ῶ2.4 ϝ Ȳּמᴥ ⱢӦὑ6/13 ЛṜ כ Є 

 DM(mm) logNW LWC(g m-3) 

Mean Bias Correlation Mean Bias Correlation Mean Bias Correlation 

0526 0.0808 0.9713 -0.0954 0.8841 -0.0817 0.9834 

0602 -0.0029 0.9053 -0.0049 0.7318 0.0282 0.9621 

0604 -0.0280 0.9102 -0.0023 0.8873 -0.0503 0.9644 

0605 -0.0117 0.9213 0.0031 0.8531 0.0007 0.9579 

0613 -0.0374 0.8328 -0.0608 0.4726 -0.2737 0.0803 

0614 0.0120 0.8949 -0.0207 0.7880 0.0074 0.9453 

0616 -0.0574 0.8316 0.0661 0.7619 0.0594 0.9131 

 

 

 

 

ῶ3.1  Xu(2015)ϝ и  

 Intense 

Lightning > 500 hr-1 

Moderate 

Lightning < 150 hr-1 

 

Oceanic  6/5, 6/16 6/2 

Continental 6/14   

 5/26, 6/13 6/4  
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ῶ3.2 ϝ Ю ȳ ☼/ᾭиӁѩẂ 

Event Event 

period(UTC) 

SPOL Con(%) Str(%) 

5/26 0300-0800 An isolated system 26 40 

6/13 1900-2400 Unorganized isolated convection 30 47 

6/14 0000-1500 Large Squall line moves from Taiwan Strait 

through south Taiwan 

17 58 

6/2 0000-1000 Linear system moves from Taiwan Strait to 

inland 

13 52 

6/4 0000-0800 Linear system moves from Taiwan Strait to 

inland with large stratiform precipitation 

22 43 

6/5 0000-1400 MCS moves from South China Sea to inland 44 52 

6/16 0000-1400 MCS moves from South China Sea to  

south Taiwan 

9 59 
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ῶ3.3 ϝ ἤ ῶ  

 

Dual-Polarimetric radar DSD (40-45 dBZ) 

DZ DR KD DM logNW 

1 km 

(dBZ) 

30 dBZ 

(km) 

18 dBZ 

(km) 

1 km 

(dB) 

1km 

(Á km-1) 
mm mm-1 m-3 

5/26 39.68 7 14 1.12 0.24 1.94 3.72 

6/13 39.98 7 12 0.94 0.22 2.04 3.60 

6/14 40.02 6.5 9.5 0.73 0.34 1.95 3.72 

6/4 40.73 6 8.5 0.74 0.46 1.88 3.85 

6/2 39.67 6 9 0.57 0.35 1.85 3.90 

6/5 41.22 6 9.5 0.68 0.42 1.89 3.82 

6/16 41.07 6 8 0.67 0.56 1.87 3.87 

 

ῶ4.1  48Ὠ  

DSD (near surface) S-POL radar 

Large Dm, large Nw 

1. larger ZHH, KDP at Z=1 km 

2. ZHH, KDP increase toward ground 

3. development higher 

4. Pronounced collision coalescence 

Large Dm 
1. larger ZDR at Z=1 km 

2. ZDR increase toward ground 
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1.1  Marshall and Palmer(1948)╓ иӁ₤הȷ Ɫ​ D(ᴯmm)Ȳ

Ɫ​ N(D) (ᴯm-3mm-1)ȴ 

 

 

1.2  Ulbrich and Atlas (1983) GammaиӁ₤הȷ Ɫ​ D(ᴯmm)Ȳ

Ɫ​ N(D) (ᴯm-3mm-1)ȴ 
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1.3  Bringi et al. (2003)☼ ​₤ Ὠȷ Ɫ​ Dm( ᴯmm)Ȳ

Ɫ​ logNW ( ᴯ m-3mm-1)ȴ Ɫ ​ 10 mmhr-1 ȴDm 

2~2.75ȳlogNW 3~3.5ⱢЄ ₤ ☼ ​ȴDm 1.5~1.75ȳlogNW 4~4.5Ɫ ◦₤

☼ ​ȴ 

 

 

ד2001  1.4 ȳ2005ד ​ иӁ Ὠ[Chang et al. 

(2009)]ȷ Ɫ​ Dm( ᴯmm)Ȳ Ɫ​ logNW ( ᴯm-3mm-1)ȴ

☼ ​DSDꞋᴯὑЄ ₤ ☼ц ◦ἤ ☼П ȴ 
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1.5  Kumjian et al. (2014) ᵓӣϚ ứה ᾬ ȷ ЎZHH =ZHH 

ground - ZHH 3kmȲ  ЎZDR =ZDR ground - ZDR 3kmȴ 

 

2.1  ȷ ᴥ╦ ⱢSPOL ᴯ ȲּמᴥⱢSupersiteᴯ Ϯүצ)

​ JWD1ȳPOSS3ȳ2DVD)Ȳ ᴥ Ɫ POSSᴯ Ȳ ᴥⱢ JWDᴯ

ȴ 
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(a)                                 (b)  

 

(c) 

 

 

 

 

 

 

 

 

2.2  ​ ҵ  (a)JWDȷ(b) 2DVDȷ(c)POSS  
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2.3  (a)Л֝ד Ѭ Іᾼ ѩếZDRᾼד … ȷ ҅ῶѬ І

ѩ (  ⇔    ⇔)Ȳ ҅ῶZDRȴҳ иᵑ҅ῶ​  (Raindrop)ȳԜ

(Hail)ȳ (Graupel)ȳ ῧ(Snowflake)֯Л֝ ѩế ZDRᾼד … ( ᴞ 

Bringi and Chandrasekar,2001) ȴ (b) ​ ᾼӱ ȷaȳb иᵑ҅ῶ​

Ẓ ᾼϚҙ ⇔ȴ 

(a) 

(b) 
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2.4  Ở RHI ȲЍ  Ὼצ‍ ֫ᾌȲ (a)(c)(e)Ɫ Ở Ȳ

иᵑⱢ ZHHȳR HVȳLDRȷ (b)(d)(f)ⱢQC∟ᾼ ὨȲиᵑⱢ ZHHȳR HVȳ

LDR( (e)(f)Мᴥ Л֝) 

(c) 

(e) 

(d) 

(a) (b) 

(f) 
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2.5  ӐׁשṅᵓӣZhang et al. (2001)Ѡᾎ (a) ɛ-ȿּפḇ …  (b)ч Ὠ 

  

2.6  (a) Dm-ZDR …   (b) NW-ZDR …  

   

2.7  (a) (2.16)הМḟứ ZHHװѠ… Ѡᾎ (b) (2.17)הМḟứ ZHװѠ… Ѡ

ᾎ 

(b) 

(a) (b) 

(a) 

(a) (b) 
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2.8  ч Ѡᾎ  (a)Dm-logNW … Ȳ Ɫ​ ȷּמ Ɫ

ч ẞᾼ  (b) Dm  (c) logNW  

 

 

 

 

(a) (b) 

(c) 
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2.9  Retrieval ѠᾎҒϤ ὨȲ(a)(c)ⱢDmד … цד (%)ȷ

(b)(d)ⱢNWד … цד (%) 

 

 

 

 

 

 

 

 

 

(a) 

(c) 

(b) 

(d) 
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2.10  ɔӣЛ֝RHV  ЛṾᾼRetrievalȲRHV   (a) 0.8ȷ(b) 0.95ȷ

(c) 0.99Ȳ RHV  ҒȲ ЄDmц ЊlogNWᾼ ֵ 

 

2.11  ￼ ӂᶁ֫ᾌZbgȸѿ ֣ҵ11еṭ ӂᶁ 

(a) (b) 

(c) 
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2.12  Steiner et al. (1995)ѠᾎМ Ϯ Ԉ 

 

 

 

 

 

 

 

2.13  (a) CAPPI 3еṭ֫ᾌ  (b) Steiner et al. (1995) и Ѡᾎ(Ӑׁשṅứ

ᾭ ​Ɫ М ᴥ Ȳ ᴥⱢ Ԉ¡ȳ ᴥⱢ Ԉ¢ȳ ᴥⱢ Ԉ£) (c) Ҭ

ᴕ ¡£ Ԉᾼ Ὠ( М ᴥⱢ Ԉ¡ȳ ᴥⱢ Ԉ£Ȳ ᴥ ᴥⱢӐׁש

ṅ ☼ ​) 

(a) (b) 

(c) 
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3.1  5/26 ᶝ Є֫ᾌ ȴ⁮Җ֣ ἤ ☼֣ὧ Җү  

(a)0330 UTCȷ(b)0430 UTCȷ(c)0530 UTCȷ(d)0630 UTC 

  

(a) 

(c) 

(b) 

(d) 
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3.2  6/13 ᶝ Є֫ᾌ ȴ (Squall line)Ṇ ᴯὑМ ᾘ Ữӑ

Ϥү  (a) 1930 UTCȷ(b)2030 UTCȷ(c)2130 UTCȷ(d)2230 UTC 

 

 

 

(a) (b) 

(d) 

(e) 

(c) 
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3.3  6/14 ᶝ Є֫ᾌ ȴ 

 

 

 

 

(a) 

(c) 

(b) 

(d) 

(e) (f) 
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3.3( )  6/14 ᶝ Є֫ᾌ ȴ (Squall line)Ṇ ֣ὧҖ Ϥү

 (a)0000 UTCȷ(b)0200 UTCȷ(c)0400 UTCȷ(d)0600 UTCȷ(e)0800 UTCȷ(f)1000 

UTCȷ(g)1100 UTCȷ(h)1200 UTCȷ(i)1300 UTCȷ(j)1400 UTC 

 

 

 

 

 

 

 

 

(g) (h) 

(i) (j) 
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3.4  6/2 ᶝ Є֫ᾌ ȴ 

 

 

 

 

(e) (f) 

(a) (b) 

(c) (d) 
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3.4( )  6/2 ɕ Є֫ᾌ ȴᴫҖ-ὧ⁮ṛ֣ ἤ ☼֣ὧҖ Ϥ

ү  (a)0100 UTCȷ(b)0300 UTCȷ(c)0500 UTCȷ(d)0600 UTCȷ(e)0700 UTCȷ

(f)0800 UTCȷ(g)0900 UTCȷ(h)1000 UTC 

  

(g) (h) 
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3.5  6/4 ᶝ Є֫ᾌ ȴ 

 

 

 

 

(e) (f) 

(a) (b) 

(c) (d) 
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3.5( )  6/4 ᶝ Є֫ᾌ ȴὧ-ᴫṛ֣ ἤ ☼֣ὧ Ϥү  

(a)0200 UTCȷ(b)0300 UTCȷ(c)0400 UTCȷ(d)0500 UTCȷ(e)0600 UTCȷ(f)0700 

UTCȷ(g)0800 UTC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(g) 
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3.6  6/5 ᶝ Є֫ᾌ ȴ 

 

 

 

 

(e) (f) 

(a) (b) 

(c) (d) 
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3.6( )  6/5 ᶝ Є֫ᾌ ȴМѐ⇔ ☼Ṇ (MCS)֣ὧҖ Ϥү

 (a)0030 UTCȷ(b)0230 UTCȷ(c)0430 UTCȷ(d)0630 UTCȷ(e)0830 UTCȷ(f)1030 

UTCȷ(g)1230 UTCȷ(h)1330 UTC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(g) (h) 
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3.7  6/16 ᶝ Є֫ᾌ ȴ 

 

 

 

 

(a) (b) 

(c) (d) 

(e) (f) 
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3.7( )  6/16 ɕ Є֫ᾌ ȴМѐ⇔ ☼Ṇ (MCS)֣Җ Ϥү

 (a)0130 UTCȷ(b)0330 UTCȷ(c)0530 UTCȷ(d)0730 UTCȷ(e)0930 UTCȷ(f)1130 

UTCȷ(g)1330 UTC 

 

  

(g) 



70 

 

 

 

 

 

 

 

3.8  ϝ ZHH CFADs (a)5/26ȷ(b)6/2ȷ(c)6/4ȷ(d)6/5ȷ(e)6/13ȷ(f)6/14ȷ

(g)6/16ȷּמᴥ Ɫ40dBZ ⇔ ᵗ ȴ 

(a) 

(c) 

(e) 

(g) 

(b) 

(d) 

(f) 












































