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Ulbrich(1977) ҏ​ ᾼ Z-R ѿцה… Locatelli and Hobbs(1974) ὑЛ֝ ₤

ᾼ Іӂᶁ ế ᾼ Ṿפ (best-fit curves)W Ɫ ᴕȲ Ӑ
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Ὼ Locatelli and Hobbs(1974)Ѭ Іи ṅМᾼשׁ Densely rimed dendrites

₤ȴᴖ∟ ›ϢׁשṅМ І -ӂᶁ Ȳה… ҏ ֥ү ṿӣᾼ

еה ȴ 
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(Light rain)ⱢѻȲ ֯ цМҶЄ ẞᾼѬ І ₤ Ὠᵭ֥ȴ 
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Abstract 
 

Geographically, Taiwan is located at subtropics, snowfall rarely occurred on the low 

elevation except the mountains. However, January 23 to 24, 2016 northern Taiwan was 

affected by strong continental cold high pressure system, many low altitude areas 

observed solid hydrometeor particles. 

   

In order to analyze and validate this snow event, National Central University C-POL 

dual-polarization radar and CWB laser-optical Particle Size Velocity (PARSIVEL) at 

Anbu station were employed to classify the type of solid hydrometeor particles. 

 

Dual-Polarization radar provides both high spatial and temporal resolution. An 

obvious layer with high differential reflectivity ZDR and low cross-correlation 

coefficient ɟHV at very low altitude was observed in vertical cross section as the 

precipitation type switched from stratiform rain to snow. Simultaneously, the terminal 

velocity of particles turned smaller and the numbers of aggregrate increased at Anbu 

parsivel station. The radar data analysis matched parsivel data in the course of melting 

level gradually approached ground. According to Atlas and Ulbrich (1977) present Z-R 

relationship and Locatelli and Hobbs (1974) found the best-fit curves between 

diameter and terminal velocity of particles, summarize a range of suitable snowfall 

formulas in Taiwan.  

 

Through the comparison between preliminary data analysis and the documented 

statistical classification results of ice particles, according to Locatelli and 

Hobbs(1974), the particles was classified as Densely rimed dendrites type. Further, the 

NCAR fuzzy logic bulk-hydrometeor particle identification algorithm (PID) was 

applied to the radar data to get the three-dimensional distribution of particle types. Wet 

snow, light rain and graupel were detected as a result of PID at lowest level, these 

results conformed with the in situ observation at NCU and Anbu station. 
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Ϛ    

 

ṅשׁ  1-1  

     

ѿ֮ ᴯ ᴖṕȲү ᴯ Ȳ֯ҍủ Ȳ Ϡ ЍѿҵȲ ю צ

ṶԈ Ӣ֯ᵅ Ἰ֮ Ȳ ᴖ ד2016 1ѣ 23ѡ (1758LST)֯ Җү ᾼ

​ цϢЏ Ꞌ Ԝד Іᾼ (ῶ 1.1)Ȳ1ѣ 24ѡ Ὑ

ЍѝоЄ цХиЍ ϚѱӪ ( 1.1)Ȳ ֵӂ֮֮ Ӽ ẞỆ Ѭ

ІȲֽМҶЄ ( 1.2)Ȳᴖ Ϸ╥ ѿϱד50 ὑҍủ֯ᵅװ Ἰ֮ Ӣ

ṶԈȲױצ ᾼ֮ Ԝד І Ȳ ᶺ Ϥ ᾼ ȴ 

Ӑ ѝׁשṅӭ …ᵓӣ ц​ ẃиέױ Ệ Ѭ І

₤Ȳׁשṅ ὑҖү Ȳ֯ МҶЄ о Ϸצ ᴩ Ȳ

Ӧ ȳ Ὲ έ⇔ ἤ Ἤ ӣѿ Ѭ І ⇔

ᵅПῈ ц ϱᾼ оȲṳṿӣ ᾎ(Fuzzy logic)ѿц ӣ NCARᾼ

PID (Particle IDentification) ה ֥ ⇔ ạẃ ẗ (Membership 

function)ȲḆ ϚḔ Мᾼ Ѭ Іᵂҏи Ȳϭ ѿ֮ ẞᾼѬ

Іᵂ Ȳ Ӵ ứ П ẗ ᾼ ἤȲ Ғ ч Ѭ І

ᾼҠ‒⇔ȴ 

 

1-2  ѝ ֫  

 

о ᵓӣѬӂц₣᾿ ᾌᾼ ậ ֫ᾌȳ₣᾿ч ȳד …

ȳѩ ᴯד Ȳѿ ᴩ Ѭᴷ ếѬ Іи Пׁשṅ֯Ὼ҅

ȴϭ Ѭ₤ ѿ 0˘ ⇔ẃ иỆȳ Ѭ ІȲױ ⇔ⱢԜѬ ד

ᾼ о (Melting layer)ȲѿϱⱢԜדȳѿϯⱢѬדȲ֯ PPI МȲ

ѿϚ ‐ ᵧ ȴV. Chandrasekar et al. (2014)ṿӣ Oklahoma C-band о

ᴩҍủ ᾭ ​ Ȳ PPIц ϚѠᴯṔ RHI Ȳѿ ẞᾼ

ML(Melting layer)W Ɫ Ѭ Іᾼӂ ⇔Ȳṳ ҏ (Wet snow)ẓצ

SNR(Signal Noise Ratio)ȴDavid et al. (2006) ֯ Hydrometeorological Test Bed 

(HMT-06) МȲ ֫ᾌ₣᾿ ӱᾼ‐ ᴯ ϚḔḂ ​ᴷ

ᾼ ϩȲṳ ӦɟHVẃḟứѬ Іᾼᾬ ἤȲᴖ Ryzhkov and Zrnic (1997) 

ҏ֯Ệ Л֝דᴯᾼѬ І ἏἏᴴ ZDR ҒȳɟHV Њᾼ

оȲṳӦױ ẃứ -​ ᾼᴯ Ȳ╝ ҟׁשṅМѿ Л֝ᾼ

ἤ Ѭ І Ӣᾼч ȲБὙ ╓ҏ (‐ ) ὑᴷ и Ѭ

Іצ Єᾼ ἤȴӐ ѝМϷ ›Ϣ ҏП ẞᾼ

ц ⇔ᾼ о ᴩ Ϥ ȴ 

 



2 
 

Ѭ Іи Ѡᾎ∂ ὑ ϱȲױ …Ӧ Vivekanadan et al. (1999)

ҏȲ а ֥ᾼ ⇔ῶ ҏ ѷꜜМṶᾬᾼ‍ϡаἤȲᴖ

Keenan (2002)Ӽׁשṅҏ C-band о Ἤṿӣᾼ HCAȲṳᴕ ⇔

ᾼּפḇ Ԉ ϚḔḂ и Ȳᵀᵂ῏֝ ҏắẞ ֫ цѬ

Іᾼ ἤȲ֯ ד ᾼ Ьצ ֵ  ȴ֯׀

ѿ Ɫ ᾼи МȲ ὑ ẗ ᾼ∂ӴȲẔⱢׁשṅ

ц֢ Л֝ ἤᴖ ȲMarzano (2005)ɔ ӣT-martrix Ѡᾎ(Barber 

and Yeh, 1975) ӣὑ ₤Ȳ ֥ҏC-band ӣᾼ ẗ Ȳѹ ҏϫ

Л֝ ₤ᾼѬ ІȴᴖῺ ╥ṅḆשֵׁ ҍủ ᴩ Ȳ

Mamoru et al. (2015) ҏϥ Ѭ І(Ѫ​ȳ​ȳ ȳ ȳԜ ȳ

ȳ ȳ​ ֥Ԝ )֯Л֝ᾌ◕(XȳCȳS)Мҳ (ZHHȳZDRȳ

ɟHVȳKDP)ᾼ ẗ   ( 1.3)ȲЄ иᾼѬ І ế ᵅ 

ᾼ Ȳᵀצṷ І֪ Ἠד Ẕ҃Л֝ Іᴖ Ȳֽ

ᶈ Ԝ ȴ 

Ӑׁשṅ Ϡṿӣ ᾼ Ὲ ᴩѬ Іи ҵȲӼṿӣ֮ ᾼԏ

​ה (PARSIVEL,Particle Size and Velocity disdrometer)W ȴMartin 

(1999) ҏԏ ​ה ᾼ ἤȲ ὙẔẓצᾼ ֽϯȸ (1)ɑ Ӑȳכ

ẞ Ѭ Іᾼ ếῈ  (2) ὑ ЊᾼѬ ІẓצҠ ἤ (3)

ṿӣὑҍủ Ȳѹ ὨҠדẻ ȷ ѠהⱢ І

Ȳ ԏ ẞ Іᾼ֯׀Ȳ כ ᾼḂ Ȳ ҏ І ц

ȲṳҠḖ І ц ȴ 

І ц ᾼ оȲҠ ᴯḂד ц І ȲLocatelli 

and Hobbs (1974) Л֝Ệ Ѭ І֯ϯ М ц ᾼ ᵑȲ ᴖ

и І ᵑȲϷ ẞ І ꞋצᾼԚ֝ᾬ ἤȲ ѿӐ ⱢẂȲ

ἤֽȸ(1) І Є ȳ Ἠ ⇔ Ғ Ȳ Ӽ Ғ (2)v ṿ Іẓצ

֝ד о ⇔ȲᵀЛ֝ Іᾼ צӐṝᵛכ Ȳ֪֯ױ ц ϱᾼ ᵑ

ἤӼḆҒὙ ȴ 

Ϡ ṿӣ ⇔ ᵂ ᾼ ҵȲ​ ֯ ҟᾼׁשṅМϷ

ҒϤ ⇔ẗ ᵂⱢ І ế оᾼ ᴕṼ ȲEdward et al. (2008) ҏ

⇔ᾼ ҒȲ І ЄȲṳ╓ҏ Heymsfield et al. (2007b) 

ᾼѠהЛ֝ȲᴖẔ ֯ὑӑ о ȲׁשṅМӼ ц╓

ᾼה₤ V(D) Ȳṳה… ⇔ᾼ ḟứ Ѭ ІᾼЄЊȳ ȳכ о

⇔ế ‒ ȲӦױҠṓȲ ⇔Пὑ Ѭ Іצ ЛҠи ᾼ …ȴ 

 

Ӑѝᵓӣ​ ᵗϠᶺ װױ ᾼ о ὨȲṳ

Ӧ І ế …Ғϱ ⇔ẗ Ȳ ҏ ᾭ ​ẞ ᾼ Ȳᴖ∟

ѩ о Ѭ Іи цϢЏ ὨӼ ֥ ᶮȴ 
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1-3  ѝ▐  

 

ϡ Ю ẃ ȲҔᵶМҶЄ C-POL ếМҶ ᶝ

PARSIVEL​ ᾼ ѿц иέѠᾎȴ Ϯ ⱢӐ ᾼ

Ԉȴ ҳ ԒЮ Ѭ Іᾼ ἤȲԛ ѿц ẗ ᾼ

ứȲ Ḗױ Ѭ І ȴ Х ⁄ⱢӐ ᾬ ἤᾼ ȲҔᵶ

Ὠѿц​ І ̅ ᾼиӁȲ ᵓӣ› Ю ᾼѬ

Іи Ѡᾎẃ Ӑ ᵂѩ иέȴ г Ɫ ӑẃ ȴ 
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ϡ   ẃ  ṅѠᾎשׁ

 

2-1  ẃ  

 

ӐׁשṅṿӣМҶЄ C-POL о ѿц ᶝ ὑ ᾼϚ

ԏ ​ה ( PARSIVEL)Ȳ иέѿҖү Ɫѻ( 2.1)ȲṳѿМ

ҶЄ ⱢМїȲ ҏ цὭЀү֮ȴ 

 

  2-1-1  МҶЄ о Ϭ  

  

МҶЄ C-band (ᾌ  5еи)Ɫ о Ϭ ( 2.2)Ȳ ὑ

ὧ 121.1922⇔ȳҖ 24.97⇔Ȳ Ἰ ⇔ 196еѐȲϚװ פּ 8

и ȲԚצϟ ԊṔ ȸ0.5 ȳ1.4 ȳ2.4 ȳ3.4 ȳ4.3 ȳ6.0 ȳ9.9 ȳ14.6

ȳ19.5 ȴ о Ѭӂц₣᾿ᾼ ᾌ Ȳ Ϡ ֫ᾌȳ ֣

ếᾌ ПҵȲӼ ẞ ZDR( differential reflectivityȲ ч )ȳʍHV( co-

polar correlation coefficientȲד … )ȳʒDP( differential phase shiftȲ ᴯד

)ц KDP( specific differential propagation phase shiftȲѩ ᴯד ) Ȳ

ὑѬ Іᾼ ᾬ ἤȲֽȸ (ЄЊ)ȳᶮᾭȳ ȳ ⇔ȳ ᴩⱢ

‍ ȲצᵗὑᵒᵑѬ Іᾼ ȴ 

   

  2-1-2  МҶ ᶝϚ ԏ ​ה ( PARSIVEL )  

  

Ϛ ԏ ​ה (Particle Size and Velocity DisdrometerȲ

PARSIVEL)( 2.3)Ȳ έ⇔Ɫϒи Ϛ Ȳѻ Ѭ Іᾼ

ц ЄЊȲẔ ѠהⱢᵓӣ​ ԏḇ ᾼכ Ȳ І

ϯ ẞԏḇ כ ҏᾼ юẃḟứ І ЄЊ ⁄Ӧ І Ϥ

ẞᶙԓ ᾼ═  ⇔ẃḟứȲӦ ԏḇ ᾼכ  

180mmȳ 30mmȳ⁴⇔ 1mmȲ Ɫ 54cm2ȲҠ ẞѬ Іᾼ

Юὑ 0.062ᴟ 24.5mmȲ Ѭ Іᾼ Ҡ 0.05ᴟ 20.8m/sȲ ậ׀

Ɫה 32x32ᾼ Ȳ֯ϱ виכ 32 Л ᾼ (ῶ 2.1)ế

ᵑ(ῶ 2.2) 

 

2-2  о   

  

о Ҡ ц Ѭӂế₣᾿֣ᾼן ᾌȲ֪Ѭ ІЄֵ Ɫ‍

Ȳ І֯Ѭӂế₣᾿Ѡ֣ϱἬ ᾼן ᾌ Л֝Ȳ М

ᾌ ắẞ ȳ ȳ ᴯד ц֮ᶮ ֪ כ ᾼḂ
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Ȳ Ӧ Ḃ Ȳ ϚḔϠ ѬṆ МѬ ІᾼЄЊȳᶮᾭȳ​ и

Ӂ ἤȲѿϯⱢ о П Юȴ 

 

  2-2-1  ч ( ReflectivityȲZHHȳZVV)ế 

ч ( differential reflectivityȲZDR)  

  

ᵑὑצ Ҭ ц ѬӂѠ֣ᾼן ᾌȲ о ֵϠ₣᾿

֣ ц ắ ᾌᾼғ Ȳ ẁᶺ Ḇֵ ὑѬ ІᾼᶮᾭȳЄЊȳ╓֣

цדᴯ ȴ 

 

ὤ
ȿȿ
᷿ Ὀ ὔὈ ὨὈ    (2-1) 

ὤ
ȿȿ
᷿ Ὀ   ὔὈ ὨὈ    (2-2) 

 

ᴯⱢmm6/m3Ȳ ѿdBZᶮהῶӱ( 10logZHH,VV)ȴϯ HⱢѬӂѠ֣ȲV⁄Ɫ₣

᾿Ѡ֣; Ϛ ϯ Ɫ ᾌѠ֣Ȳ ϡ ϯ Ɫ ן ᾌѠ֣ȴẔМȲ

DeqⱢѬ І ȳDmaxⱢ ЄѬ Іᾼ (equivolume 

diameter)ȳ|K|2ⱢѬ ІᾼЮ ֪І(dielectric factor) ȳ Ѭᾼ|K|2ּפⱢ

0.928ȲԜ Іᾼ|K|2ּפⱢ0.197ȲmⱢѬ Іᾼ ᷉ Ȳế ᾌᾼᾌ ѿ

цѬ Іᾼ צ⇔ ȲPȳPôⱢ ᴶ֪І(Geometrical factors)Ȳ Ѭ Іᾼ

ѩצ ȴ 

 Seliga and Bringi(1976) ч ứ ֽϯȸ 

 

              ὤ ρπὰέὫ                     (2-3) 

 

ᵛѬӂ֫ᾌế₣᾿֫ᾌᾼѩ Ȳ ắѬ Іᾼᶮᾭ( ѩȲứ Ɫ₣᾿ ѿѬ

ӂ)ếЮ ȲЛ֝ ᾼѬ І֢צᴞ ᾼЮ Ȳᵛṿᶮᾭד

֝( ѩϚ )Ȳ⁯ ֪Ю Л֝ᴖ ẞЛ֝ᾼZDRȲ Ɫ֝Ϛ Ѭ

ІȲЮ ỆứȲZDRế ѩ⁄ᵧϚ Ϛᾼ …ȴ ​ ┘ӂ ⇔ế​ ЄЊ

ҠḟứZDRȲϚ ẃ Ȳ​ ֯ϯ ᾼ Мắ ϩ Ɫ ӂ ᾭ

ȲϷ ╥ᶮᾭ Ɫ ┘ӂȲZDR ЄȲ Лὔ ȷᵀ​ ЊȲᶮᾭ Ὼ

ᶮȲӼᵛ ѩ Ὼ1 ȲZDR Ὼὑ0ȲҫȲ ᾓֽ ἨԜ ȲẔẓ

צ ᾼҵ Ȳϯ М ὔ ȲṿѬӂế₣᾿֫ᾌ ῺȲ╝ZDR Ϸ

Ὼ0ȴ 
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ᴯד  2-2-2 ( differential phase shiftȲʒDP)ế 

        ѩ ᴯד ( specific differential propagation phase shiftȲKDP)  

 

 ᾼ ᾌ֯‍ Ȳ֪Л֝ оѠ֣ᾼϤ ᾌ›

и ἬЛ֝ȲѬӂצ оᾌᾼדᴯ ∟ὑ₣᾿ оᾌȲЛ Ἃ

᾿₣Ѭӂếכ ᾌדצᴯ( ) Ȳױ Ѭ ІᾼЄЊȳ ȳ

ѿц ᾼ צ Ȳ ᴯד еֽהϯȸ 

 

               • • •                    (2-4) 

 

• ế• иᵑⱢ Ѭӂế₣᾿ о֯ ứ Ȳ ֣ ᾼדᴯṔ⇔Ȳ

ᴯⱢ⇔(degree)ȲʒDP Ẓ ᾌ֯ ​ ᾼ Ғᴖ ҒἨ ═Л Ȳ

╝֯ ​ ֪​ ЄȲʒDP ѩ ​ Єȴ 

 

 ʒDP ᾼ о Ȳứ Ɫѩ ᴯד KDPȲеה ֽϯȸ 

         

                 ὑ                      (2-5) 

 

ếѬ Іᶮᾭȳ ȳ צ ȲẔ Ӕ Ȳ╥Ӧ ᾌדᴯ

ҏȲᴖ‍ ⇔ ҏȲЛắ‒ ȳ֮ᶮἨᾌḇ (beam blockage) Ȳ֪

ױ צ ӣὑứ Ѭᴷ ȴ 

 

ד  2-2-3   … ( co-polar correlation coefficientȲʍHV)  

 

֯ Ȳ֝Ϛ έ вᾼZHHếZVV╥ Ӧ ᴖ

Ȳ֯ ᾌ═ Ӊ֯֝Ϛ ӭ ᾼ МȲ έ ᾼѬ І

ἤדῺ(ᶮᾭȳЄЊ )Ȳ⁄֢ Ἤ ẞᾼZHHếZVVᾼד … ῺȲד

ᵛʍHV Єȴ ​ Ἠ Ԝ ᾼʍHVҠ 0.98ѿϱȲᴖ֯ԜѬ ד Ẕ ᴟ0.9

ҿҢȴ Ұ Ȳ ᴯ вѬ Іᾼᶁ ἤ Ȳῶӱ в֯׀ᾼ І

ᾬ ἤ ῺȲʍHV Єȴ╝ ὑᵒᵑ‐ ( о )ẓצ‍ Єᾼ ȴ 

 

2-3  ​ ( PARSIVEL ) иέѠᾎ 

 

֯ԉᴶщ ₤ ϯPARSIVELꞋ ᵒứѬ Іᾼ ₤ȳ ȳ цЄכ

ṓ⇔Ȳ ӣױϚ ἤȲ צ ѬἨ Ӣ Ȳ ṿ ᶝᶶ ᾼ

ҏ щ Ȳѿ ᵍḳ ᾼ Ӣȴ 
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2-3-1  PARSIVEL ☼  

 

 PARSIVEL ẞ Ѭ І∟ ӦASDO ᴩ иέȲ ẞᾼ

щ ᾭ ѿ ᾼᶮה ҏȲẔМщ ᾭ ҠиⱢѪ​ȳЊ​ȳ​ȳ​ếѪ

​ᶈ ȳ ȳ ᶮȲѹ ⇔ϭѿ ȳМȳ ẃ иȲᴖҫҵẒ

ᾼщ ₤ Ɫ ​ếԜ ⁄ӣ ȳМᾼ ⇔ẃи Ȳ ҔᵶἬ ẞᾼ

ȳ₤הѿц ứ ᾼ ᴯ(ῶ2.3)ȴ 

  

ӦὑPARSIVEL ᾎ᾿ ᵑ32 ᵑ Ϛ Ἠ Ϛ ⇔ᾼ ᵑȲӇ

Ȳ╝ ᴖ ᾼ І ế ѿ ᵑПӂᶁ ẃῶ

ӱȲϭ ֝ד֯╥ Іᾼ в֯ и32 І ȲἬѿ Ԓ Ғ

ӂᶁ ԛ҅Ϥ еהȴ 

    

  ὠὈ
В ȟ

В ȟ
        (2-6) 

              ὔὈ
В ȟ

                  (2-7) 

 

VP(Di)ȸ i Ѭ І ϯ32 ᾼҒ ӂᶁ (m/s) 

ni,jȸ ậ в ẞᾼ i Ѭ І ϯ j І ᾼ І  

N(Di)ȸ ᴯ ᴯ ᾼѬ І (m-3mm-1) 

Aȸ (0.0054m2) 

tȸ έ⇔ 

ȹDiȸ i Ѭ І ᾼ  ⇔(mm) 
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Ϯ   Ю  

 

 1ѣ21ѡ00UTCᾼ֮ щ ( 3.1)v ҠכṓϚ ᵐ ү ϱῈȲ

֯ Ѝ֮ ֽ֥ Ѝȳ Ѝ Ἰ֮ Бϯנ Ȳ ᶝ23ѡԓү ​

ӱ ​Є М֯ү Җ цᾘМҶЍ  Ὼ ֮ ( 3.2)Ȳ ᴫ

ᵄᵓṸϚ ᶮכᾼᵐ ҏ ⁮ ᴟү ȲҒϱᵅ цѬ ֥Ȳ כ

ὙЍȳἮἮЍ М Ἰ֮ ֵ Ȳ24ѡМрꜙᴟ֯ ἸЛẞ200еѐᾼ

ȳ ҖӀ ἇЍ ȳМҶЄ ֮ ẞԜ ȴӦὑ֯ү ᵅ Ἰ Ӣ

ᶮ ЛὔṓȲ╝ ᶝӑ Ӂ Ȳ ᵐ Ӂᵅ

Ȳᴖױ ᾼᵅ ═ ῺϚ Ȳ ᾼ Ɫ23ᴟ24ѡȴ 

 

3-1   

 

иⱢϮ ԌẃиέȲ Ԓ╥֮ ц Ὲщ ȲẔװ ὰ

ᾼ ῈȲ ∟⁄ Ὑ ⇔ о ȴ 

 

  3-1-1  ֮ ц Ὲщ иέ 

    

  (1) ᵅ щ иέ ( ֮ щ  ) 

 

  1ѣ23ѡ06UTC֮ щ Ҡṓү  Ὼѻ Ẓצ ᾃ ᾼ ᵅ Ṇ

ȸᴫᵄᵓṸ֮ ὧ⁮Ѡ ᾼЄ ᵐ цү ὧѠ ϱᴴ Ṇ

ᾼү ᵅ Ȳױ Є ᵐ Ӕ ⁮ ᴟү ( 3.3a)Ȳẞ18UTC

Ḇ Ὼү ( 3.3b)Ȳṿү ═ ϯ Ȳ ֵ Ϸ Ϡ ҭᵅ נּ Ȳᵅ

Ғϱ ḝᾼѬ Ḇṿ ᾼPARSIVEL​ ẞ Є ȴ24ѡ

00UTCи ҏẃᾼ ᶶ ( 3.3c)Ȳ֯06UTC ∟Ѡᾼ ϭ ӢϚ и

Ȳѹѿ15km/hrᾼ ὧ⁮Ѡ› ( 3.3d)Ȳ ֮ ֣⁄ắЄ

ȲҖ ֮ ᵬἲὧҖ цҖ ȴ 

 

  (2) М̘ щ иέ ( 500hpa  200hpa ) 

 23ѡ00UTC 500hpaщ Ҡכẞ֯Є ᾘỴצϚ Ὑ ᾼᵅ (

3.4a)Ȳ צ∟ ᾼomegaᾌȲᴴ ϱсϯḛ Ȳṳ ᴫᵄᵓṸ ᾼҏ

ӂ Ȳᴖ Ȳ ϩ ⇔ϩ ҒȲү ᾼϱῈҏ − ᾼᴫ ᵬἲȲ

12UTC ᵅ ҏ Ȳ צ ᾼ ( 3.4b)Ȳ᾿ẞ24ѡ00UTCᵅ

Ḇ Ὼү Ȳ ϭ ( 3.4c)Ȳ12UTC ⌂ֻᴯ֯ү ϱῈȲṿү

⇔═ ϯ ( 3.4d)ȴ 
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 200hpaЬҠṓ ⁬ᾼᴫ Ȳ23ѡ12UTC֯ ү ϱῈצ Ὲ Ӣ(3.5a)Ȳ

֯Є ᵬᴫ Ȳҏ ∟и☼ȲҖ ᴫҖכ Ȳ⁮ ⁄ ᵬᴫ⁮ ȷ24ѡ00-

12UTCɑ ҏ Ȳ ֣ ѿᴫ Ɫѻ( 3.5b)ȴ 

 

  3-1-2  Ὲ иέ 

 

 23ѡ П›Ȳ00UTCᾼὰ Ὲ ( 3.6a) 0 C Бᵅᴟ1.93kmȲ֯

2kmפּ צ ҏ Ȳ ⇔ ⇔ Ғᴖ ȲⱢϚẕ₤ᾼ Ȳ צ֣

ᾼḂ ȲӦᵅ ᾼὧҖ פּ֯ ⇔2.33km Ɫᴫ⁮ Ȳ 10ms-1ѿ

ϱȴ12UTC Ȳᵅ ֥Ṝ ᾼѬ Ԉṿ Ὼ֮ ᾼ ẞЊԜ

ц​ᶈ Ԝד ІȲױ ᾼ Ὲ ( 3.6b) 0 C ᴟּ1.1פkmȲ

⇔Ӽ ᵅȲᵅ צ Ғᾼ ȴ 

  

24ѡ00UTC 0 C ᴟ ֮ ⇔0.3km ( 3.7a)Ȳ ֵᵅ Ἰ֮ Ꞌ

ẞԜד ІȲ12UTC( 3.7b) Є ᵐ ὧ ȲῺ֮ ⇔ϱсȲ

ṳּ֯2פkmҿҢצ‍ ᾼḛ ӢȲ Ằױ ᾼЄ Ɫ ᵐᾼщ

₤ ȴ 

 

  3-1-3  ⇔ о  

 

 ⇔֯ӐׁשṅМ᷊ ‍ ᾼṔᴥȲӦὑ ậ PARSIVEL

ᵂ Ȳ֪ױӼṿӣױ ᾼ ⇔ ẃ Ὑȴ Ἰ 825.75еѐȲפּ⇔

Є ᵐ Ữӑ Ὼү ›Ȳ ᾼ ⇔Є ֯10 CҿҢȲ ᵐ

ᶮכṳ Ϥү Ȳ ⇔ Ѿᵧ᾿ ϯ ᾼ ( 3.8)Ȳ24ѡ00LST ỞБᵅ

ὑ0 CȲṳ֯1600LST ẞ-3.6 Cᾼᵅ ȲϷ Ϡ ѿẃᾼ ᵅ נּ

ȴ 
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ҳ   о П ӣ 
 

4-1  Ѭ Іи    

 

 Ӑׁשṅ…ᵓӣ NCAR ᾼ S-POL и Ѭ ІЏẓȲ ẗ

МᾼKDP Ẓ Ȳѿ ӣὑМҶЄ C-POL о ȲἬ ZHȳZDRȳ

ʍHVȳʒDPцKDP ֥ ⇔ᾼ Ȳ ᴕMay and Keenan(2003) ҏ֢ Ѭ

І о (ῶ4.1) ṳ ϤӐ МҒѿ ӔȲ ZH-ZDRȳZH-

ʍHVȳZH-temperatureᾼ иȲѹ о ц ⇔ оᾼ ԈḟứẔ

и Ȳậ ֥ᾼ ȴ 

  

֯ ᴩ Ȳ ắẞ֮ ᵅц כ ᾼ ᶮȲ

ὔ Ӣ ᾼⱢZHȳZDRȲ╝ ᴩѬ Іи П› Ԓ Ẓױ ᴩṆ

Ӕц ӔȲ ᴯד (ʒDP)⁄֪ о Л ᴖ ӣ Ἤ

ȲϯϚ ZHHȳZDR ц ӔѠᾎȴ 

 

  4-1-1  ZHȳZDRṆ ц Ӕ 

 

  (1)  ZDRṆ  (system bias) Ӕ 

 

 ṿӣGorgucci et al. (1999) ҏᾼ₣᾿ (vertical pointing)ѠᾎȲ ἘⱢ

ӔϱѠ ᾭ Ѭ Ȳ​ ⱢЊᴖ Ȳᵛṿ​ Єᵧ┘ ᾭȲᵀ

ἏϱכЬⱢ ᶮȲ╝ԊṔ ᴟ90 ȲZDR Ɫ ȷ ЛⱢ Ȳ⁄ ⱢṆ

ȴ Ѡᾎױ ҏZDRṆ Ɫ-0.3dBȴ 

 

  (2)  ZHȳZDR  (attenuation) Ӕ 

 

 ᾌӉẞѬ І כ ᾌ ȲṿZHȳZDR ᵅ

ᴷȲ֪ױ Bringi et al. (1990) ᾼ … ӔѠᾎ ᵅᴷ Ӕ֫ẃȴ

ZHᾼ ⱢAHȲZDRᾼ ⱢAHVȲ Ѡᾎֽϯȸ 

 

                   ! ɻz ɮ                       (4-1) 

                  ! ɼz ɮ                       (4-2) 

 

C-bandᴖṕȲŬ=0.0721ȳɓ=0.0161ȲūDP ӣ ᾼ ȴ 

 

(3)  ZHṆ Ӕ 



11 
 

 

 ắẞщ ȳ ᾌ ֪ Ȳ֯ ZH ӢṆ ȲⱢϠ

Ӕױ ȲׁשṅМᵓӣּ(2005) נ ҏᾼZHṆ еהẃ ḟȸ 

    

              ὤ ὤ - ὦὤ ὰέὫ                 (4-3) 

 

ᴯⱢdBZȲ C-band (ᾌ 5cm) ᴖṕȲa=0.98Ȳb=0.2ȲC=1.46x10-4Ȳ ẞ

Zbias Ԓ ZHᵂ ӔȲZDRᵂ ếṆ ӔȲԛ ֥ ẞᾼ

KDPИҠ ҏZHṆ ȴ 

 

  4-1-2  Ѭ І ἤ 

 

 МҶЄ C-POL╥ ӣNCARᾼѬ Іи ᾎ (bulk-hydrometeor particle 

identification algorithm)(ῶ4.2)ȲҠѿи ҏ ȳ​ȳԜ ȳ ȳ ȳԜ ȳ ᵐ

Ѭ ắẞὖ ȳϡ֫װᾌế֮ᶮ 17 ᾬ Ȳᴖ֯ӐׁשṅМἬ

ᾼ ​ȳצ ȳ ȳ ȳԜ ȲѿϯԒ г Ѭ Іᾼᾬ

ἤȸ 

  1. ​(Rain) 

  

 МᾼЊѬ כᶮ כ ЄᾼѬ Ȳ Ѭ ЄẞẔϯ ⇔

М ᾼϱс ⇔ ȲѬ ― ϯᶮכ​Ȳ֪ױ МᾼѬ ᵶ ֵȲ

ϱс Ȳ ѬϷ ֵȲѹ ϯᾼ​Ѭ ϭ ֫ẞ Ȳֽױ

ч ȲᶮכϚ Ѭ ȴ֯Ѭ Іи ᾎМ ​иⱢѪ​(Drizzle)ȳЊ​

(Light rain)ȳМ ⇔ᾼ​(Moderate rain)ȳЄ​(Heavy rain) ȴ 

 

  2. (GraupelȲӼ ) 

 

 ᵅ Є ‍ Л ứ Ȳ ῈῈ Ӣ ☼Ȳ М‍ ᵐᾼῈ ᶮכ

ᵐѬ( )Ȳṳế ῧ(Ệ ) Ӣ כ֥ Ȳ о

ᴟ֮ ᶮכῺᴿ ᶮѹЛ ὙᾼӪᴥԜ Ȳ᾿ 2-5mmȲϚפּ Ӣ֮֯

⇔ Ὼ0 ἨḆᵐᵀỮӑ Ԝᾼᾭ ϯȲѹ═ − Ȳ ἤ Ѭȴ 

 

  3. (Wet snow) (Dry snow) 

 

 Є Мᾼ ᵐѬ цЊԜ Ȳ∟ כ ᵐѬ ֯ЊԜ ϱȲṿПṣ

ЄȲ ЊԜ Єẞ ᵌὢῈ ᾼ ϩế ϩ Ȳ ẞ֮ ᵛⱢ ῧȴ

ҠӣѬᵶ Ὲ ⇔ẃ и ȳ Ȳ ῧ֯ МȲ Ở ’═0 Cѿ
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ϯȲѹ ІМᾼѬᵶ ‍ ᵅȲ ᴟ֮ Ữӑ оȲ ɦ ɧȷчП Ὲ

⇔֯0 CѿϯȲᵀῺ֮ ᾼῈ ὑ0 CϚṷȲ ῧ ᴟ֮ ӑᶙԓ оȲѹ

ІМᵶѬ ֵȲ ᶮכҙ оᾼɦ ɧȴ 

 

  4. Ԝ (Ice Crystals) 

 

 Ԝ  כ ⱢϮȸ(1)צԜ ế ᵐѬ Ԛ׀ᾼ МȲԜ ῶ ᾼ ếѬ

Њὑ ᵐѬῶ ᾼ ếѬ Ȳ Ὲ МצѬ ӔֻЮὑẒ῏ ȲӼᵛ

ᵐѬẃ ếȲᵀ Ԝ ẃ Ɫ ếȲ⁄Ԝ ῶ ֵᾼѬ ֪

ᴖṿԜ Єȴ 

(2)Ԝ ế ᵐѬ Ȳ ᵐѬ   ὑԜ ϱȲṿԜ Ԝ(3) כ Фד

 ȴ כ

 

  4-1-3  (Fuzzy logic)  

 

 Ԓ╥ӦVivekanandan et. al.(1999)ҏȲױ ╥ѿɦFuzzy 

setsɧᾼ ἘⱢ￼ Ȳ ϚḔ ӣὑPIDϱȴ1965דȲּר Ғא▼ᵌ Є Zadeh, 

L.A. ֯ɦ ạɧ(Information and Control) ϱ ῶɦFuzzy 

setsɧ ѝȲ╓ҏצᵑὑ ҟ ѿϡа ṶᾬȲᵀ ѷꜜᾼֵ ᾓἏἏ

ὑẒ῏ ᾼ ֮ Ȳ ӣ Мᾼа ֥ẃ ὙȲṿӣϡиᾎҬ

ẞ0Ἠ1ᾼ Ȳ֯ М Л֥ Ȳ╝ а ֥ᾼ ⇔ȲṼṶᾬᾼ

ἤ֯0~1П ậ ȲᵛⱢɦFuzzy logicɧȲᴖױ ֯ ӣϱϷḆ ῺϢ

≈  ȴה

 

  4-1-4  ẗ (Membership function) 

 

ѿ Ɫ Ἁᾼ ӣ Ӈ ᾼ Ɫ ẗ Ȳᴖ ẗ ⁄Ӧ ⇔

Ȳכ ⇔Ҡ оѬ Іа Ȳ ⇔ӣ0ῶӱɦЛד ɧȲ1ῶӱɦᶙ

ԓד ɧȲᴖ0ẞ1П ᾼ ֮ ῶӱѬ ІЛ ч ȴ ӣ​ế

Ԝ ⱢẂ( 4.1) ȲԜ ֯ZHцLDRᾼ Ꞌѩ​ЄȲ ֯ZDR ѩ​ЊȲ כ╓

ⱢԜ (Phail)ᾼ ​(Prain)ᾼ Ɫ Ȳԛ ֢Ѭ І ᾼ

Ғ ȸ 

 

                ὗ В ὖὡ                     (4-5) 

( QȸѬ І и  iȸѬ І   jȸ  ὖ= ẞᾼ

Ѭ І   Wjȸ )  
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и Ɫ І ᾼҠ ἤ ЄȲᵛҠᵒứѬ І ₤ȴ 

 

 Ẃẃ Ȳ ẗ ѿBetaẗ ᾼᶮ֯׀ה( 4.2) ȲẔеֽהϯȸ 

 

‍ὼȟὥȟὦȟά
ρ

ρ
ὼ ά
ὥ

 

 

xⱢ Ϥᾼ ȲaⱢҙ ⇔ȲbⱢBetaẗ ᾼ Ȳm⁄ⱢМ ȴ 

ᴖӐ ѝМ…ѿ ᶮ ẗ Ɫѻȴ 

 

 4-2  ẗ ứ 

 

 Ӑ ᵓӣNCARᾼPID ה ẗ ȲӦὑ֯ צ ᾼ ϢЏ

ѻ ѿ ȳ​ᶈ ԜѬ ד ІⱢѻȲ ẗ ѿױ І

Ɫӭ ȴׁשṅМZH ЊȲἬѿ ẗ   ᵅⱢ0-30dBZȲ иֽ

ϯȲ ֫ᾌ ֯10-20dBZ Ȳ ⇔Ɫ1ȲӼᵛᵒứ ІⱢ ᾼҠ ἤ−

Ȳᴖ ֯0-10dBZ 20-30dBZ⁄ ᵅȲ֮ ⁄   Ɫ ֫

ᾌ ֯5-50dBZ Иצ ӢᾼҠ ἤȷZDR ԌȲ ẗ   Ȳ

ṿП Ӣ Ȳ KDP⁄֪ Ὑ ᴖЛᴕ ȷRHVц ⇔Ɫ М

ẓ ᴕἤᾼ Ȳ ԒȲ ẞᾼRHVӂᶁ ֯0.85ᴟ0.92ҿҢȲ╝

  сᴟױ Ȳᴖ ⇔ Ԍ╥ ӣὰ Ὲᾼ Ở ȲѹṼ

⇔  ứ֯-8ᴟ8 CП ( 4.3)ȴ 

 Ṽ ֢ ᾼҠ‒⇔ СЛ֝ᾼ Ȳ KDP ЊȲ╝Лᴕ Ȳ

RHVц ⇔⁄ ẓ ϩȲ С ᾼ (‒ԉ⇔)Ȳᵂ Ӕ∟ᾼZDRȳ

űDPȳVR( ֣ )Ȳ⁄ С5%ᾼҠ‒⇔Ȳ ∟ᾼ и ֽϯȸ 

 

WTmp( ⇔) = 30 

WZH(Ѭӂ֫ᾌ) = 20 

WZDR( ч ) = 15 

WKDP(ѩ ᴯד ) = 0 

WLDR( ἤҟ о) = 0 

WRHV(ד … ) = 20 

WSdzdr( ч ) = 5 

Wsphi( ᴯד ) = 5 

Wsvr( ֣ ) = 5 

 

Ṽ ѿϱἬи П и ᾼѬ І Ὠ ֯ Х ȴ 
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Х  Ὲ ֮ Ὠиέ 
 

 ᵓӣМҶЄ C-POL о ᴩ ῈѬ І Ȳϭѿ ὙЍ

ᾼԏ ​ה ᵂ֮ Ȳ ∟ṿӣ›ϢׁשṅѿцѬ Іи ᴩ

ѩ иέȲ ֥ү ṿӣᾼ еה ȴ 

 

5-1  о П ἤ 

 

צ  1/23 1319UTCȳ1506UTCȳ1758UTCȳ2018UTCѿц 1/24 

0416UTCȳ0835UTCȲ PPI ԊṔ⁄ṿӣ 0.5 ц 4.3 Ȳ Ϛẃ Ẕ

оȴ 

 

1/23  1319UTC 

 

PPIᵅԊṔ 0.5 ( 5.1) ֫ᾌ− Ȳ ⇔֯ 20dBzѿϯȲ Ԍắ

֮ᶮ ᾼ֮ Ҡ צ Д ֫ᾌ ȷZDRц RHVᾼ ԌȲ֯ ᾼὧ

ҖѠצϚ RHV Њᵀ ZDR ЄП ᴥמּ) )Ȳ юצ ԜѬ ᾼד

ԑȲKDP⁄֪ ᾭ ​ᴖ ‍ Ȳ ϚḔṿӣ NCAR PID ᵂה Іи

Ȳ Мה ІиⱢ 17 ᵑȲԛ C-POL Лắẞ Second Trip(ϡװ

֫ᾌ)ᾼ Ȳи Ὠ ӱ֯ Ὼ Мїᾼ 10еṭвȲӦᵅᴟ ṼᶧⱢ

Light rainȳDrizzleȳwet snow( 5.1(e))ȲDrizzle֯​ и ѩ Light rainⱢ

ЊȲ Мѩ Light rain֯Ḇ ᾼᴯ Ȳ╝ԛӦ Ϛ ᾼ 4.3 ԊṔẃכ( 5.2)Ȳ

ZHц KDP ȲZDRế RHV⁄כṓϱϯẒ ‐ ( 5.2(b)ȳ(c))Ȳϱ

ᾼ פּ 40еṭȲϯ Ὼᾼ⁄ פּ 10еṭȲ ӱ БצὙ Ԝ

Ѭ ד ᶮ ӢȲ 23ѡ 1200UTC Ὲ ( 3.6b) Ȳ0 C Б֯ ⇔

1kmҿҢȲᵀϱ ҏ Ȳ Ệ Ѭ І֯ М оᵀ֯Ὼ֮

ϭ Ԝᾼ ȴᾘѠᴯṔ 50 йϚ (CRORHI)( 5.3)Ȳxȳy иᵑⱢ

ᾼ ц ⇔Ȳ(0,0)ᾼᴯ ╥МЄ Ἤ֮֯Ȳ(0,20)ⱢὭЀִ֮יȲ(0,45)⁄Ɫ

Ȳ֯й ∟Ҡѿכẞ МЄẞὭЀү֮ᾼ вצ ᾼ ZHȲZDR֯

Ϛеṭפּ⇔ Ὑצ ᾼ‐ (ZDR Є)ȲRHVϷ֝דצᾼ ᾓ(RHV Њ)Ȳ

֯ᵅ Ҡ Б֯׀Ԝד Іȴ 

 

1506UTC 

 

ױ  ( 5.4)ᾼ ZH֯ᵅԊṔ 0.5 ѩ 1319UTCצ Ὑ ᾼ֫ᾌ Ȳּפ

צ 30dBZҿҢȷӦ ZDRҠѿכẞ 40еṭ ῺצϚ Єᾼ‐ Ȳᵛצ׀

ԜѬ ᾼ֮ד Ȳᴖ RHV֯֝דᴯ Ẕ Ϸצ Њᾼ ᶮ ӢȲ 4.3 Ԋ
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Ṕẃכ( 5.5)Ȳ Ὼ ZHצ‐ ӢȲᴖ ZDRế RHV֯ ᴯ Ϸ֝דצ

ᶮȲ 60 ѠᴯṔйϚ ( 5.6)Ȳ ZH֯Ѝ›ắẞ֮ᶮ צ

ᾼ Д ȲᵀӦὑӐ ᴕ ᾼ Іẓדצ ᾼ Ȳ

֮ᶮ ‍ ֪ІȲ כ ᾼ ҷȲ╝ ӣ Ở ẃ ȷZDR

ế RHVѠ Ṽ ‐Ϛ֯׀ Ȳѹ ⇔ ›Ϛ צ ϯ ᾼ Ȳᵀױ

ZDR ⁯ 1319UTCⱢЊȲ › Ю ᾼ ZDR ἤȲ Ԝ ֯׀ Ȳ֪ҵᶮ

Ȳ ṿ ZDR ϯ ȲϷ ױ ֯ ⇔Ἠ БצԜ Іᾼ֯׀ȴ  

 

1758UTC 

 

 ZH ( 5.7)ȷ ⱢὙ оᾼ ╥ZDRȲ‐ Ӧ Ӑ 40

еṭ ᴟ Ὼ 20еṭ ҿҢȲRHVᾼ‐ ᴯ Ȳṳ֯֝ד ᴫ⁮Ѡ

RHV ›Ϛ צ ᵅȲKDP⁄ Ὑ оȲ 4.3 ( 5.8)ԊṔ ZDR

RHVᾼ‐ ᴯ Б ᴟ Ὼ ӔϱѠȲ╝֝ ᾘ60 ѠᴯṔй ( 5.9)Ȳ

ZH֝PPI ὨⱢ ᾼ ᶮȲᴖZDRếRHVᾼ‐ ᴯ ‍צ Ὑ ᾼḂ Ȳ֯

3 Њ вБ ᴟῺ֮ Ȳ ᾼPARSIVEL​ ȲϷ ױ

צ Єᾼ ȴ 

 

2018UTC 

 

PPI 0.5⇔ᵅԊṔ ẞכ ZHц ZDRϭ Є( 5.10)Ȳѹ‐ МЄ ᾼ

‍ ῺȲ Ѿ╥֯ ϱѠȲRHV Ьᵅὑ 0.9Ȳ ϚḔᵂ PIDи (

5.10(e))Ȳ Ὠ ӱ֯ᵅ Ɫ wet snowц Light rainⱢѻȲ ⁄Б Drysnow

IIC(Irregular ice crystal)P ȲӦ ԊṔᾼ 4.3 ( 5.11) ZDR RHV

‐ Б֯ ӔϱѠȲѹẔ 1758UTCḆ Ὑ ᵒᵑȲZH KDP⁄

ȴᾘѠᴯṔ 59 й ( 5.12)Ȳױ ᾼ ZDRế RHVᾼ Бᶙԓ ֮֯

Ȳ҅ῶῺ֮ ϷצϚ ԜѬ ᾼד ᾓ ӢȲᴖ ╥ 1758LST Ở

ẞỆ Ѭ ІȲ֯ 1/24 2 ϯ צ Єᾼ Ȳṳ֯ 0416LST

Є ȲϷ ᵭ֥ȴ 

 

 1ѣ24ѡМЄ ẞԜ ᾼ 0415UTCѿц0835UTCҒѿиέȴ 

 

1/24  0415UTC 

 

 Ӧὑ Ȳ PPIԊṔ 0.5 ( 5.13) ZHȳZDRȳRHVȳ

KDPᾼ ЛὙ ȲἏѠᴯṔ 222 й ( 5.14)ȲῺ ᾼ ZDRצ

ЄȲRHV⁄֯ ⇔ϚеṭҿҢ ẞ Ȳ МҶЄ 10ᴏ

( 5.15) ӱ ᵬὧҖ Ȳ פּ 5m/sȲׁשᵒ֯МҶЄ ẞᾼԜ
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ІȲҠ ╥Ӧ Ὼ Ἰᾼ֮ ὧҖ ᵬἲᴖ֯МЄ ẞȴ 

 

0835UTC 

 

 PPIԊṔ 0.5 Ṽ ЛὙ ( 5.16)Ȳ╝֯ѠᴯṔ 240 й (

5.17)Ȳ ZDRҠѿכẞּ֯פὭЀү֮ ῺЬצ Є Ȳѹ RHV֯ ᾼᴯ Ϸ

צ ᵅᾼ Ȳ ӱ ֮ѠצὙ ԜѬ ᾼד Ȳ֯ ῺМЄ  ῺӼצϚ

ᾼ Ȳᴖ ὑױϷ ẞỆ Ѭ Іȴ 

 

5-2  ​ П І - иӁ 

 

ᾼ PARSIVEL​ Ȳ 1/23 1800LSTᴟ 1/24 

0600LSTᵂḕЊ ᾼ Ғ( 5.18a)Ȳx Ɫ І Ȳy Ɫ І Ȳ

Ɫ І֯ ẞᾼ ế ϱᾼ Ȳ›Ϯ Њ Ҡѿכẞ Іᾼӂ

ᶁ ЄȲ І Ϸ ֵȲᵀ ᾼ о юȲᵧ ​ ᾼ

ᶮȴᴖ ҳ Њ ỞȲ І ֵᾼ ẞӂᶁ ϯצ⇔ ᾼ

Ȳẞ Х Њ ỞЄֵ Іӂᶁ Б ẞ 2m/sҿҢ( 5.18b)Ȳѹ

֯ ⇔ᾼ ᵅȲ Іᾼӂᶁ Ꞌ ═֯ 2m/sѿϯȲ Іӂᶁ

ᾼϯ ӱϚ ᾭ ​ẞ ᾼ Ȳ І Ϸ Ở

ẞ ᾼ 350(m-3mm-1) Є Ғẞּפ 2500(m-3mm-1)Ȳ  

 

 ›Ϣ Atlas and Ulbrich (1977) ҏ​ ᾼ Z-R ѿцה… Locatelli and 

Hobbs (1974) ὑЛ֝ ₤ᾼ Іӂᶁ ế ᾼ Ṿפ (best-fit 

curves)W Ɫ ᴕȲ Ӑ Іᾼӂᶁ ᵂѩ ( 5.19)Ȳּמ Ɫ Atlas 

and Ulbrich (1977) ҏᾼ V(D) Ȳה… Ɫ Locatelli and Hobbs (1974) 

Densely rimed particles ҏᾼ V(D) Ȳה… ᴥ╦ Ɫ ḕЊ

Ȳ ⁄╥ ᵂϡהװᾼ ֥ȴ 1800LSTᴟ 2100LST

ᾼ פ֥ Ὼ ​еהȲ 2100LST Ởϯ ᴖ Ὼ еהȴ 

 

› ᾼ ԛиᵑ ậ 1ѣ 23ѡ 2110LST̡ 2304LSTц 1

ѣ 24ѡ 0158LST̡ 0416LST( 5.20) Ở ц Є ᾼ Ȳx Ɫ І

Ȳy Ɫ І ᾼ оȲ Ở І юȲ

ᾼ Ғ І Ὑ ֵȲṳ֯ 0416LST І ֵ Ὼ 10000(m-3mm-1)Ȳ

› ḕЊ ᾼ PARSIVEL ᴖ֝ד ẞᴸ ȴ 

 ᾘӣ( 5.19) Locatelli and Hobbs (1974)╓ ₤V(D) Ȳה…

ẞ ᾼ ᴩ╓ ₤ ֥( 5.21)Ȳ ᴩֵװ … ∟Ȳ᷄ҏ הеױ֥

ᾼV(D) Ȳṳה… ҏ ֥ү ᾓᾼV(D) ה… ( 5.22)Ȳ

∟ᾼ… ֽῶ5.1ȴ 
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 ҒϤ ⇔ᵂⱢᴕ ֪ Ȳиᵑ 1.6 Cȳ0 Cȳ-1.5 Cᵂ╓ ₤ᾼ ֥Ȳ

І ⇔ Ғᴖ ᶶ( 5.23)Ȳ ›Ϣׁשṅᾼ Ὠד ֥ȴ 

 

5-3  Ѭ І ᵑѩ иέ 

 

 Ԓ ϢЏ ẞᾼѬ ІᵂῴḔи Ȳ1/24ὑМЄ ẞ ὬᾭԜ

оϭ֯ ᾼ ᶮȲ Locatelli and Hobbs(1974)ὑ Ϛ І ế ᾼ

Ṿפ (best-fit curves)Ҡ Ẕи Ɫ Densely rimed dendrites₤( 5.24)ȴ 

 

ṿӣ о ϚḔᵂѬ Іи ∟ȲиέẒ ẓ ᴥᾼ

Ȳ иᵑⱢ 1ѣ 23ѡ 1319UTCѿц 2018UTCȴ1319UTC( 5.25)Ӧὑ

о Ữӑ Ὼ֮ Ȳᴖ╥֯ ֮ 1km ȲӦ 50 ѠᴯṔй₣᾿ ȲZH֯

20еṭвצὙ ֫ᾌȲZDR֯ד ᴯ צ Єȳ֯ 10-15еṭ ẞ ZH

Єᾼ RHV⁄צ ᵅᾼ ȲPID⁄Ἇ 70 ѠᴯṔй₣᾿ Ȳ Ὠ ӱ֯

10еṭ ȳ ⇔ 0.5еṭѿвᾼ Іѿ Drizzleế Light rainⱢѻȲᵅ

ѿ wet snowP ֵ Ȳᴖ ⁄ѿ Irregular ice crystalP ȴ1319UTC и

έẓ ֵ ground clutterȲ ₇ Ҡ ᾼ І Ȳ╝Ь

ӣ Ở ᵂи ȴ 

 

2018UTC( 5.26) Ȳ о Бᶙԓ Ὼ֮ Ȳ ד ȲӦ 50 Ѡᴯ

Ṕй₣᾿ ȲZH֯ҽ 15еṭвצ Єᾼ֫ᾌ Ȳ֯ד ᾼᴯ иᵑϷ

צ ZDR ҒȳRHVϯ ᾼ ᶮ ӢȲPID Ὠ ӱᵅ ѻ ѿ wet snowⱢѻȲ

⁄ Ɫ dry snowᴾЄֵ Ȳ ѩ ֯ ȳМЄ ֮ ẞᾼỆ

Ѭ ІȲ דצ ᾼᵭ֥ȴ  
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г  ӑẃ  
 

6-1   

  

1ѣ23-24ѡⱢүד2016 Ὼ50ד ᾼᵅװ Ἰ Ȳ ֵ֮ Ꞌ ẞ

Ệ Ѭ ІȲӐׁשṅ ὑҖү ȲᵓӣМЄ о ц ᶝ

ԏ ​ה ᴩиέȲ ц‐ ⇔ ⇔ϯ ᾼ ᶮц​

І оȲ ∟ṼNCARᾼPID ה ᴩѬ Іи ȴ 

 

 PPI Ὠ ӱȲ 1ѣ23ѡ1319UTCᴟ2018UTCȲᵅԊṔ

0.5 ᵛҠכṓ֯ ҵ ZDRếRHV ꞋצϚ Ὑ ᾼ (‐ )Ȳṳ

֣ ῺȲῺϚḔ ױ ѿц ⇔ᾼ

ᵅ ẃ Ὼ֮ ȴ ᾼҏ צ ӱԜѬ ᾼד Ȳׁשᵒױ Ὼ֮ Ҡ

БצỆ Ѭ Іᾼ ȴ 

 

ᵓӣМҶ ᶝ ᾼ PARSIVEL​ ᵗ ȲӼ ẞכ І

ᾼӂᶁ ЊȲѹѻ иⱢЄ​ẞ ᾭ​ᾼ ѿц ᾭ​ẞ

ᾼ ȴ ϚḔ ӣ Atlas and Ulbrich (1977) ҏ ​₤ ᾼ Z-R ѿцה…

Locatelli and Hobbs(1974)ὑЛ֝ ₤ᾼ Іӂᶁ ế ᾼ Ṿפ

(best-fit curves)W Ɫ ᴕȲ Ӑ Іӂᶁ פ ᾼϯ ӱҏӦ

ᾭ ​ Ɫ ᾼ ἤȲṳӦϢЏ Ὠ Ɫ Ὼ Locatelli and 

Hobbs(1974) Ѭ Іи ṅМᾼשׁ Densely rimed dendrites₤ȴԛ ›Ϣ

ṅМשׁ І -ӂᶁ Ȳה… ҏ ֥ү ṿӣᾼ еה ȴ

ᴕ ⇔ẗ ᾼ Ȳ Іᾼ ⇔ Ғᴖ ᶶȴ 

 

∟ṿӣNCARᾼPID ה ᴩѬ Іи Ȳ ֥ ⇔ᾼ ạȲ ZH-

ZDRȳZH-ʍHVȳZH-temperatureᾼ иȲԛ о ц ⇔ оᾼ Ԉ

ḟứẔ и Ȳậ ֥ᾼ ȴ 

 

ẗ ∟ ᾼѬ Іи Ὠ֯1ѣ23ѡ1319UTC Ȳ Ὼ

ѿѪ​ếЊ​ⱢѻȲᵅ ѿ ᴾ ֵ ȲẔМ ​- ֥ᾼ ᶮȲᴖ

⁄ѿЛ ⁄Ԝ ᴾ ȷ2018UTC֯ Ὼ֮ ⁄ѿ ⱢѻȲ и֮ Ϸ

-​צ Ȳ֯׀֥ ⁄ Ɫ ᴾֵ Ȳᴖױи Ϸ ֯ цМҶ

Є ẞᾼѬ Іѩ Ὠᵭ֥ȴ 
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6-2  ӑẃ  

 

 Ӧὑү ю Ӣ ṶԈȲ֯ῴḔׁשṅױ П∟Ȳ Ϡ ếѬ

Іи Ḇצ ϚḔᾼϠ Ȳ֝ Ϸ Ѭ І Ȳ

PIDᾼ ЛὔиέȲᴖ Ϸ╥ӑẃ Ḃ ᾼ ᾓȲᶦ Ӧ ẗ ѿ

ц ֥ ⇔ᾼ ạȲ∂Ӵ ὑү ᾓϯᾼϚ ẗ ȴ 
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1.2ȳ 

 

 

 

1.1ȳҿ Ɫ ὙЍѝоЄ (ậᴞ ỳ ∟ )ȷҢ ⱢХиЍ

Ȳ 3еи(ХиЍפּ⇔⁴ ԒӢ ẁ) 

 

 

 

 

 

1.2ȳ20161דѣ24ѡὑМҶЄ ϡדּ ẞ ȲṳѿϚа ᵂЄЊѩ

ȴ 

 



22 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3ȳиᵑ֯L00, D13, D09, S10 ›Ϣцӭ›Ӕׁ֯שṅМᾼЛ֝ᾌ◕(XȳCȳ

S)ҳ (ZHHȳZDRȳɟHVȳKDP)ϥ Л֝Ѭ І(Ѫ​ȳ​ȳ ȳ

ȳԜ ȳ ȳ ȳ​ ֥Ԝ )ᾼ ẗ ᵅҙ   ȲӦϱ

ᴟϯṼᶧⱢ (a)ZH (b) ZDR (c)KDP (d)ɟHVȲẔМ​(RN)ế​ ֥Ԝ (RH)ᾼKDP

ЄȲ╝֯ױ 1/10 ȴ( ᴞMamoru et al. 2015) 
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2.1ȳ ѿҖү Ɫѻ ֮ Ȳ╦ ӦҿᴟҢиᵑⱢМЄȳὭЀү֮ȳ

ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2ȳМҶЄ C-band(ᾌ 5еи) о Ȳ ὑּדϡ ȴ 
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2.3ȳϚ ԏ ​ה (PARSIVEL)ᴯ ὑ ὙЍ Ȳѻ Ѭ

Іᾼ ц ЄЊȴ 

 

 

 

 

 

 

 

 

 

 

 

 

2.4ȳParsivel ѠהⱢ І ԏḇ ᾼכ Ȳ ẞԏḇ כ

ҏᾼ юẃḟứ Іᾼ ЄЊ ; ᴖ І Ϥẞᶙԓ ᾼ═

 ⇔ẃḟứ ȴ 
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3.1ȳ1ѣ21ѡ֮ щ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2ȳ ᶝ1ѣ23ѡԓү ​ Ȳ ​ М֯Җ цᾘМҶЍ  Ὼᾼ֮

ȴ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3ȳ֮ щ ȴ(a)1ѣ23ѡ06UTCȴ(b)1ѣ23ѡ18UTCȴ 
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(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3ȳ֮ щ ȴ(c)1ѣ24ѡ00UTCȴ(d)1ѣ24ѡ06UTCȴ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4ȳ500hpaщ ȴ(a)1ѣ23ѡ00UTCȴ(b)1ѣ23ѡ12UTCȴ ᴥ Ɫ

ϩᴯ ⇔ Ȳּמᴥ Ɫ ⇔ ȴ 
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(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4ȳ500hpaщ ȴ(c)1ѣ24ѡ00UTCȴ(d)1ѣ24ѡ12UTCȴ ᴥ Ɫ

ϩᴯ ⇔ Ȳּמᴥ Ɫ ⇔ ȴ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5ȳ200hpaщ ȴ(a) 1ѣ23ѡ12UTCȴ(b) 1ѣ24ѡ12UTCȴ ᴥ Ɫ

ϩᴯ ⇔ Ȳּמᴥ Ɫ ⇔ ȴ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6ȳ(a)1ѣ23ѡ00UTCὰ Ὲ Ȳ ⱢѬӂ ⇔П оȲ 

Ɫ5ms-1Ȳ Ɫ2.5 ms-1ȴ(b)1ѣ23ѡ1200UTCȴ 

0 C

⇔ 

1.93KM 

0 C

⇔ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7ȳ(a)1ѣ24ѡ00UTCὰ Ὲ Ȳ ⱢѬӂ ⇔П оȲ 

Ɫ5ms-1Ȳ Ɫ2.5 ms-1ȴȴ(b) 1ѣ24ѡ1200UTCȴ 

0 C

⇔ 

0.3KM 

0 C

⇔ 

ḛ  
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3.8ȳ1ѣ23ѡ1700LSTᴟ1ѣ24ѡ1700LST ⇔ ȴ ᴥ Ɫ ⇔

Ȳּמ Ɫ0 Ȳ Ɫ Ȳ Ɫ ⇔Ȳ ⇔ᵧ ϯ ᾼ ȴ 
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4.1ȳVivekanandan et. al.(1999)ӣ и ​ếԜ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

4.2ȳ Betaẗ ₤( ᴞPolarimetric Doppler weather radar page.523) 
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4.3 ᴕNCAR PID ה ҏ Ӑ П֢ ẗ ȴ 
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(a)                                 (b)  

 

 

 

 

 

 

 

 

 

 

 

(c)                                     (d) 

 

 

 

 

 

 

 

 

 

 

 

 

(e) 

 

 

 

 

 

 

 

 

 

 

5.1ȳ1ѣ23ѡ1319UTC PPI 0.5 ᵅԊṔ ȴ(a)ZH (b)RHV (c)ZDR 

(d)KDP(e)PIDȲ(b) Мᾼּמᴥ ⱢRHV Њ Ȳ(c) М֝ ᴯ ⱢZDR ЄП ȴ 
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(a)                                         (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c)                                         (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2ȳ1ѣ23ѡ1319UTC PPI 4.3 ᵅԊṔ ȴ(a)ZH (b)RHV (c)ZDR (d)KDPȴ 
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5.3ȳ1ѣ23ѡ1319UTCѠᴯṔ50 CROPHI ȴӦϱᴟϯиᵑⱢZHȳ ZDRȳ 

RHVȳ űDPȴ 
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(a)                                         (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)                                         (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4ȳ1ѣ23ѡ1506 UTC PPI 0.5 ᵅԊṔ ȴ(a)ZH (b)RHV (c)ZDR (d)KDPȴ 

 

 

 

 

 

 


























































