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ứ Ѭᴷ (Quantitative precipitation estimation, QPE) ₇ἏἏ ὔᵅᴷȲӦ

ὑᾌḇҒ ȳ иᾌḇ (Partial beam blockage, PBB)ế₣᾿ ⇔ϱᾼ ᾬ о

ȴ֯ ᾌḇ ẞ ᵅ ⇔ϯѠȲ Ӧ ​ ȲἬ Ὑ ᾼᵅ ​

ᾼ ᾓȲяⱢ ᵅᴷ ​ᾼ ẃ ȴӐׁשṅṿӣ ​₣᾿ (Vertical profile of rain, 

VPR) ӔѠᾎ ᴷSᾌ◕ оᾼХиЍ (RCWF)֯2017דᴟ2021ד ֢ Ѭ

ṶԈᾼ ​ᴷ ῶ ȲҔ╗ ​ ȳ цҍủᵐ ₤ȴױҵȲ Ӧᴞ♅(Self-

consistency)ѠᾎȲḂ Ѭ ᴷѩ ᴯד (Specific differential phase, ὑ )

ᾼЛ ứἤȴ иέ ӱד ṿӣᾘ ὑ ᾼQPEὨȲ ὑᴞ♅ᾎᾼ

​ᴷ ֯МЊ​ ὑ ᴷᾼ ᾓȲᴟю5%ᾼḂ ȴᴖVPRѠᾎᾼ ӣȲṼ

Л֝ᾼ ​ ₤ế ᴖ Ȳ֯ ᾭ ѬṶԈ Ȳ PBB ᾼ ẓצ

ᾼḂ Ȳѿ2ὤȟὤ Ḃה… ⱢὙ Ȳṿ оӂᶁ (NMB)ɑᴟю

20%ȴҫϚѠ Ȳ ᾼ ѬṶԈ⁄ ὑ ד ᾼ ​ᴷ ὨꞋצ ᾼ ȴ  
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Abstract 

The radar-based quantitative precipitation estimation (QPE) products are well known that 

tend to underestimate due to the beam broadening effect, partial beam blockage (PBB) effect, 

vertical microphysical evolution, and sampling discrepancy. The underestimation of the QPE 

is most pronounced for the precipitation with pronounced low-level enhancement due to warm- 

rain processes. This study assessed the vertical profile of rain (VPR) correction for the radar-

based QPE of S-band polarimetric radar (RCWF) at various types of precipitation events from 

2017 to 2021. In addition, the retrieved ὑ  from self-consistency method, where ὑᶻ  (ὑᶻz ) 

was based on reflectivity(Z) (along with differential reflectivity (ὤ )) were investigated to 

reduce the uncertainties of deriving specific differential phase (ὑ ) in light rain. The results 

of the real case study indicate that the ὑᶻ (/ὑᶻz )-based QPE shows improvement in 

normalized mean bias by at least 5 % at low and moderate rain rates compared to the range-

derivative ὑ -based QPE. Moreover, the impact of the VPR method varies with different 

rainfall types and radar variables. The improvements are most pronounced in the regions where 

the PBB effect is most severe. The VP-2ὤȟὤ  shows significant improvement during the 

stratiform precipitation event with the normalized mean bias decreasing by at least 20%. On the 

other hand, the heavy precipitation event during the typhoon has a negative impact on all ὑ -

based rainfall estimations.  
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Ϛ     

1.1  

ứ Ѭᴷ (Quantitative Precipitation Estimation, QPE)ӣȲ ὑ щ

ȳ☻Ѭ Ɫ ȴ ᵑ╥֯ү ὑ ֮ᶮᾼ ᾓȲщ Ṇ ӻФ

ϯȲ ủ(5-10ѣȲֽ ​ ȳ ếр∟ ☼) ҏ ​ 90 mmᾼ

​Ȳҍủ ⁄֯Җү Ὸ ὔצ═ ἤᾼ ​Ȳ Ѭ ҏЛ֝ ἤᾼ ᾬ

ạȲ QPEѿ֪ ​ иӁ(Drop Size Distribution, DSD)Ẕ Ὲ оȲ֯

ᶙ ᾼứ Ѭᴷ ╥ЛҠἨ ᾼϚ ȴ 

ẓצ Ὲ έ⇔ᾼ ϩȲ ẁṜѿ҅ῶ Ѭ ế ᾼᵛ

Ȳ ֮ ​ Ɫ ѹиӁЛᶁᾼ ạȴ֯Ὼϫ Ӧד о

( Ϭ ) с Ɫ о ∟Ȳ ὑứ ​ᴷ ᶾ צ Є Ȳ Ϡ ᾼ

֫ᾌ(Reflectivity, Z)ҵȲ ᾿ ч (Differential reflectivity, ὤ )Ȳ ᴯד

(Differential phase, ɮ )ếד … (Correlation coefficient, ʍ )ȲиᵑҠѿϠ Ѭ

Іᾼᶮᾭȳ Ѭᵶ ᾼиӁѿц П Ȳŋ ẁצᵓὑиέ Ѭ ᾼ Ȳ

ҟү ד ṅМȲשׁ ᵗ ᴩ ₇ ᾼ☼  .2005ȷLoh et al נּ)

(2022))Ȳ П DSDч (Chang et al. 2009ȷ  2018)ц∟ ᾼ ứ Ѭᴷ ӣ

(Liou et al. 2013ȷWang et al. 2013ȷỂ 2015ȷ  2016ȷChang et al. 2021)Ꞌ Ὑ с

Ẕ ⇔ȷἨ ӣ֯ щ (Numerical Weather Prediction, NWP)₤ȲצḆֻᾼ

ᾬ о (  2019)ȴ 

ᴖȲ о ֵѠ Ẕ ȲᵀЬắ ὑ ᾼѠהȲ

ᵌὢ ᾌḇ ᴖ ȳ ᾼ ȴἬ כ ѽᵅ ᾼ ​ ⇔

оȲѿцẓדצ ᵅᾼ έ (resolution volume)Ȳ ᴯὑҖү Sᾌ◕ оᾼ



 

2 

ХиЍᵂ (RCWF)֝ ױ Ȳ֪ױᴕ ​Ὲ ἤᾼ ᾓϯȲ Ӧ

ṿӣḆ ԊṔѹӑắ  ᾼ ​ᴷ Ẕ₣᾿ оȲ᷄ҏẓ ҅ῶ₣᾿ ᾼ ​ ⇔

ẃ ᴷ֮ῶ​ Ȳ ╔ ᶙ ᾼῺ֮ῶ ​ᴷ Ȳ ϚḔ сRCWF Ẕứ ​ᴷ

ᾼ ⇔ȴ 

1.2 ѝ ֫  

ҟׁשṅ ӱᵓӣ о ứ ​ᴷ ᾼḂ ῶ (Ryzhkov 

et al. 2005;  2009ȷChang et al. 2016ȷ  2016ȷ☻ 2020ȷ  2021ȷChang et al. 2021; 

Ryzhkov et al. 2022)ȲҔᵶ ὤ ᾼҒϤȲẓצ ​ ЄЊכӔѩᾼ ἤȲ

ᵓӣZK ​ Ȳ ​ иᵑѿ​ ᾿ (D)ᾼ6ц3.67װѠכӔѩȲắ​ и

Ӂ(Drop Size Distribution, DSD)о ᾼ (Battan 1973)ȴ ᴖẒ῏֪ắ иᾌḇ

(Partial beam blockage, PBB) (Zhang et al. 2013)ȳ цṆ Ἤі ᾼ

Ȳ ạϠṿӣZȳὤ Ẕ ​ᴷ ᾼ ϩȴἨ ᴯד оᾼὑ Ȳ⁄

Dᾼ4װѠכӔѩȲḆⱢ Ὼ ​ RᾼDװѠ (3.67)Ȳ֪ᴖ DSD ἤ Л Ȳѹ

ЛắPBBȳ ц Ṇ ᾼ Ȳ֪֯ױМᴟЄ​Ȳꜙᴟ╥ԜѬ ד Ȳὑ

Ḇ ֮ᴷ ​ ⇔Ȳᵀ֯ ϱЊ​ ὔắẞɮ ᾼ ȴ 

Ӧᶝ֮ ᾼDSDἤế ᾼ ֥ѠᾎȲḖ ​ П ᾼ

о …(Ryzhkov and Zrniĺ 1996; Pepler et al. 2011)Ɫ Ϛᾼ ​ ה… ẃ ᾼḂ

ȴ֝ ֢ ֥ᾼ ​ᴷ ה ֥ȲֽRyzhkov et al. (2005)ҏ

ὑZד ᾼ  Ȳѿḟứ (decision-tree)ᾼ▐ Ȳ ᵍЊ​ ӣR(ὑ  )Ѡᾎᴷ

ѬȷἨPepler et al. (2011); (2012)ὑ Ẕ ​ᴷ ᾼ Ȳи ֵ ᴷ

ᾼה ȲḖ ​ ⇔ в Ṿоᾼ ​ ה… ֥Ȳẃ ᵅ ֢ᴞ

ᾼЛ ứἤȴ 

ẔМѿὑ ᴯד (Differential phase, ɮ ) ϱ ᾼὑ ᴷ Ѡ
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Ь ֯׀ Ȳ ​ᾼɮ Л Ὑ Ȳ ὔắẞ оѻ ᴖЛ

Ҡ‒ȴּֽ(2005)נṿӣМї иᾎ(Central difference)ᴩὑ ч Ȳᵛ֯ ϱҔ╗›∟

Ẓ Ẕדᴯ ⇔ оȲױᵂᾎ ὔ Ϥ Ὼᾼɮ Ȳ Ӑϱ ӣֵ ӂ

ᶝ ȷᵀчПȲ ⇔ӂ ⁄ כ ᶝ Ѭ ȴҫϚѠ Ȳ ὑ

ᾼҏ Ȳ ᵑ ὔ Ӣ֯ ᾼ∟ѠἨҵ ⇔ Ȳױ ὑ Ɫ (Wang 

and Chandrasekar 2009)ȴⱢϠᵌὢ ⇔ ᾼ Ȳѹ֝ ’═ Ѭ ᾼῈצ Ȳ

Scarchilli et al. (1996)ҏὤ ὑ ᶮהᾼᴞ♅(Self-consistency)ѠᾎȲẒ Ꞌ ​

צ⇔ Ȳ֪ױ ὑ֫ᾌ оẃḀạᴷ Ѭ ᾼὑ ᾌ Ȳ ӣὑ ᾌ (ֽ CȳXᾌ

◕)ȲҠѿצ ￼֣ (Backscattering phase)ếὑ (Lim et al. 2013)ȷChen 

et al. (2021)֥ᴞ♅ᾎᾼὑ Ἤậ ᾼ Ѭᴷ ὨȲד ṿӣ Ӧ ֣ ᾼὑ Ȳ

֯М​ếЄ​Мῶ ᾼ юȴ 

ὑ ​ᴷ ѻ ẃ ȲЛ ╥ иᵑ֯Л֝ Ԉϯᾼ

Ȳѹắ‍ᶁ ᾼ₣᾿ Ѭ о ӢЛ ứ֪ (Joss et al. 1990)ȴ ֮ ​ ᴩ

Ȳ Ἤ Ὲ ᾼ ạȲ ᾼ ҒȲ Ѭ ⇔ П Ȳ

ᴖ ᾎ ậ ᾌḇ ẞ ᵅ ⇔ѿϯᾼ Ѭ Ӣ ạȲֽѿ ֥ẆⱢѻᾼ ​

Ȳ QPEắ₣᾿ Ѭ ⇔ оі ᾼ ȴᴖPBB ϚḔ  ֯

֮ᶮϱῺ֮ῶᾼ Ѭ Ȳ֪ắ֮ᶮ  иἨᶙԓᾌḇ Ȳᴖ∟֫ᾌ

ȴⱢϠ ױ ᵅᴷȲᵓӣ₣᾿ ӔѠᾎȲ ӦṿӣḆ ԊṔ Ἠ ​ᴷ

ᾼ₣᾿ оẃ ᴷῺ֮ῶ ​ȴ 

ҟ ṅשֵׁ ᾃὑᵐủ ӣ ᾼᶾ ╚ (Bellon et al. 2005; Matrosov et al. 2007; 

Gourley et al. 2009; Zhang and Qi 2010; Zhang et al. 2012; Hanft et al. 2022)Ȳ ֪

ṓ Ӣ֯ о (Melting level, ML)в ἨϱѠȲ֪ױѻ ӣẃ ӔMLвᾼ Z

MLϱѠᾼԜѬ ᴖZ֯׀ד юȲ ẃᴞᵛ Ἠ  ᾼ (Wen et al. 2016)∂

Ẕ₣᾿ ​ ₤Ȳ ᴖ ṷ Ӕ Z֯ MLѿϯ⌡ứȲӑᴕ ԉᴶ Ѭ Ӣᾼ

ᴩ ȴ ὑῺ֮ῶᾼ ҷȲ Ϡṿӣ ᴩ ᾬ о ᾼ
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₤(Kumjian and Prat 2014)ҵȲ֯ Ѡ Ȳ ᴩ֯ᵂ Ể Ẕ

ϱȲ֝ Ϸ ֥₣᾿╓֣(Qi et al. 2014; Chen et al. 2020)ȲἨ ⇔ (Range-Height 

Indicator, RHI)Ẕ╓ứѠᴯṔϱ (Kitchen et al. 1994; Matrosov et al. 2007; Kalogiros 

et al. 2013)ᾼ Ȳч╣ᶝ֮ ѬṆ ᾼ₣᾿ Ȳ ẁ ҵῈ оᾼ Ӕ

ᴕȴѿϱἬẓ ᾼЄ Ȳ֯Ὼד ᴩ ⇔ ₤ẃ ᴩ ȲֽMarzano 

et al. (2004)ẔМ ӣϢЏ (artificial neural network)ʒ Z Ȳб ᶶ

∂֫ᾌᾼ₣᾿ Ȳ ᵗḂ Z-R ᾼה… ​ᴷ ȴ 

ṳѹ о ᾼҒϤḂ ӔѠᾎȲ ӣ ᾼ ἤȲ ẃϠḆֵ

​₣᾿ ᾼד ȲֽẓצḆҠ‒ᾼ‐ ⇔ᵒᵑ(Hanft et al. 2022)ἨṼ ֢

₣᾿ ⇔ оᾼ Ӕ(Bechini et al. 2013; Wang et al. 2013; Chen et al. 2023)ȲẔМ

Wang et al. (2013)ӣὑ ὑү ֮ ᾘPBB ᾼЍ Ȳצ ֮ ю ​ᵅᴷȲẓ

צ ᵅ ​ ⇔ᾼ ϩȷҫϚѠ ȲҠ ạ ᾼQPE…הὑ₣᾿ Ӕ

∟ᾼṿӣȲ֯ ᾓϯȲӦMontopoli et al. (2017)ҏᵓӣ ›ẓצ … ᾼ

о QPEеה ᴩ₣᾿ Ӕᾼ ᾎȲԒ ᴩ ​ᴷ ᾼ ֥Ȳ ’

Ἤצ Ӕᴟ֮ Ϛצ ᾼ ᴷȲѿ ═ᴕ еה ᾼד ἤȴױ

ҵȲЄֵ ᾼѠᾎצ ᶁ֣ἤ(Kalogiros et al. 2013; Koistinen and Pohjola 2014)Ȳ

╓ѿ Ể ứ ҙ вᾼ ȲѬӂῈ ӂᶁ∟ᴷ Ẕ₣᾿ ᵂⱢ

ӔП ᴕȲҠ ᾎ҉и ☼ế ᾭ ֥ ​ ₤ᾼ ᾓȲChen et al. (2023)Ϸ

ѬṆ ᾼ ᴖצᶝ֮ оȲ ϚḔᴕ ϱᾼ ​ ἤȴ 

 ṅѠ֣שׁ 1.3

ἬṿӣᾼSᾌ◕ оХиЍ (RCWF)ᾼ╚ ╥Ȳ ᾌ◕(ֽ CȳXᾌ

◕)ᾼדᴯ έדѩȲדצ ᵅ ᾼ ἤȲяẔ֯Њ​ ᾼɮ ЊȲᴷ ὑ ᾼ

ὔắɮ ȴṳѹ ᴯ֮֯ (766 m)Ȳṿ и ᾼ ᵅ

⇔ ᵅὑ1 kmᾼЄ ȲҒϱắ֮ᶮ ȳᵅԊṔ ᾼ֮ ᾌ Ȳ ’
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ȴ 

ױ ṅ֯үשׁ Җ ֮ᶮᾼ ᾓϯȲ RCWF Ẕ (1)ὑ ᴷ (ẃᴞᴞ♅

ᾎ)Ȳ(2)ɕ֮ᾼ ​₣᾿ ӔѠᾎ∂ӴȲѹ(3)ӣ֯Л֝ Ѭ ₤ Ẕứ Ѭ

ᴷ П ȴ Ӧиέ֢ ѬṆ Ẕứ Ѭᴷ ὨȲẂֽ֯үכ Ẕ Ҡᵓ

ӣὑ צ Ḃ ​ᴷ ⇔(Liou et al. 2013; Wang et al. 2013)Ȳ ὑ ​ Ṇ

Ϸѻ ѿᴕ ὑ ᴩ ​ᴷ ᾼῶ ⱢṾ(Ể 2015ȷ  2016) Ȳ֝ Ҕ╗ ҟү

юד ᾭ ​Ṇ ᾼׁשṅϚẆᴕ Ȳѿ Ѡᾎᾼ ứἤц ӣἤȲ ӔṳḂ ẃ

ᴞSᾌ◕ ὑ Ѭ Л ᾼɮ ế₣᾿ ​ ἤѠ ᾼ ẃ Ȳẃ

ХиЍᵂ ᴷ ​ᾼ ϩȴ  
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ϡ    Ѡᾎ 

Ӑ ​ṅṿӣשׁ ȳ֮ ​ ᾼ (ῶ2. 1ȳῶ2. 2)Ȳ ᴩ ​ᴷ

ᴷ ᶧȴ​ ѻ ӣὑḖậ - ​ Ȳṳ֯ה…

ẁ Ӕᾼ ȷᴖ​ ᵂⱢ ​ᴷ ᾼ Џẓȴ

ֽ 2. 1ȴ 

2.1 ẃ  

2.1.1 ХиЍSᾌ◕  

ӣХиЍSᾌ◕ о (RCWF)Җ ֮ ​ Ȳד ὑ֮֝ ᾼ

Cᾌ◕(ᾌ Ɫ5.3 cm) ȲẔ ᾌ◕(10.7 cm)ᾼ ἤẓצ Лắ Ȳѿц ן

ד ứᾼ ᾼ ϩȴᴯ֯ Җִ֮יᾼὧҖѠȲ ⇔֪ ֯766 mᾼד ᴯ

Ȳắ֮ᶮᾼ юȲ и Ḇᶙצ ᾼ ἤȲᵀ֯ ᾼᴫ⁮ѠЬ֯׀

ᾼPBB Ȳ֪ױ ὑRCWF Ȳ ậ ᵅ ⇔ Ȳ ạ ᾼ ᵅ

⇔ ( 2. 2)ȴᴖῺדRCWFW Ȳצ ᾼ ḆȲ֯20194דѣ

19ѡ∟ᾼ ȲԊṔ ⇔Ѡ 9 Ғᴟ15ԊṔ Ȳ ᴖ ậḆֵ ⇔ϱᾼ

ȲẔ Ἤ Ꞌ֯6и вᶙכȲиᵑּפⱢ5и36ּהц5и46ּהȴ 2. 2γ

PBB ∟Ȳ ԊṔḆ ›∟Ἤ ậᾼ ᵅצ ⇔иӁȲ ὑ

ắPBB ᾼ ȲḆ ∟ᾼ ’ ᵅ ⇔ᾼ ȴ 

דᴟ2021ד2017֯ Ԛ╚ ҏХ ​ṶԈȲҔ╗Ẓ ​ ȳ цẒ ҍủᵅ

ᾭ ​ ₤(ῶ2. 3)ȴ֯20176דѣ ӢẒᾌ ​ (C1ȳC2)Ȳ›῏ Ṇ

ᴴ ᾼᴫ⁮ ☼ȲҖ ֮ Ẕ ắᾘ ὒ ☼ Ṇ ⁮ ᾼ Ȳ ϯ

Є ​(24Њ ​ 500ᴏ)Ȳі ֵ Ѭḳ ȷ∟῏⁄ ​ ד⇔ Ȳᵀ

═   ᾼ ​ȴ₉ ѩ (C3)ѻ ắҵ ​ Ϥ ​Ȳ
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ᶝὑ8ѣ1ѡ2130и(UTC)e ϱ Ȳᴩ Ӧ ὧҖ Ȳ

ἏҖҖᴫѠ֣ ȴᴖẒ ҍủ ​ṶԈᴖṕȲ2018ד (S1)֪צ ⁮ ​ ד

ḝᾼѬ ֥ϯȲṿ Є ᵐ › ֯ ԓכ Ὑצ ​ ȷ

ừד2021 ​ (Yilan Experiment for Severe Rainfall, YESR) (S2)Ȳ

֯ҍủὧҖủ ϯᵅ Є ᾼ ᾭ ​ ȲҒϱМ Ӧᴫ⁮Ѡ ᾼѬ ẃ ᴖ

═ ​ȴ 

2.1.2 ₇  

Ở ӦϚṆԝ ☼ ֽϯȸ 

1) ‍ ц  

ᵓӣד … (ʍ ) ‍ Ѭ ІȲ֪ ẓצ ᾼד ἤȲ  ứⱢ0.8 

(☻ 2020)ȴ ∟ᾘᾌḇ ḕХ ᾼ Ȳ ᵒứ ⁄Мї

Ȳ о (v ɮ , ὤ )֯ Ӣ ֵ ᾼ ȴɮ ѿ

15ЈⱢ  Ȳ֝ Ṝɮ Њὑ10Јѹʍ Њὑ0.05ᾼ Ԉȴ 

Ϛҟ Ể ҙ 3.5 kmвᾼ Ȳ ᵍậӣẞắῺ֮ Д ᴖЛ ứᾼ

Ȳ֯ ∟ ѿ ẞḆ ᾼɮ ῴỞ ἨṮѦῺ צ ᾼɮ ҟ᷉ (unfolding)

ᵒ ȴ 

2) иᾌḇ ế о (Melting level, ML) 

֪֮ᶮ иᾌḇ (PBB)ᾼ Ȳᵓӣ 4/3 ֮ ҙ ᾼ Ḗ ֢ᾌḇ ⇔

(  2016)ȲẔ и ᵅὑ֮ᶮ ⇔(v ֯׀ )Ȳ⁄ᵔ ᾌḇױ ∟ᾼἬצ

ȴṳ ⇔4 kmѿϱᾼ Ȳ ᵍẓצԜȳѬ ᾼד о цḆ ȴ 
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ᴯד (3  

ᴯד ᾼɮ ᴩҟ᷉ (unfolding)∟Ȳל Ӧ Ἤ ᾼӂᶁῴ

Ởדᴯ (ɮ ȲᵂⱢᾘᾌḇῴỞדᴯ 0Ј Ởᾼ Ȳ∟ ᾘӣɮ ῶӱПȴ 

4) Zếὤ  

ӔѠᾎȲ ӣ Loh et al. (2022)ṿӣ ӴМҶЄ (National Central 

University, NCU)ᾼ ​ה (Joss-Waldvogel disdrometer, JWD)Sᾌ◕

П Ӕ… (ɻ ế ɼ)Ȳɔ ӣ(2.1)ȳ(2.2)ה ӔZếὤ ֪ ​Ἤ ᾼ Ȳ

иᵑⱢѩ (Speciýc attenuation, PIA)цѩ (Speciýc attenuation difference, 

PIDA)(Bringi et al. 1990)Ȳ ᴯⱢdBȸ 

 0)!ɻ Ўɮ  (2.1) 

 0)$!ɼ Ўɮ  (2.2) 

ẔМЎɮ Ɫɮ ᾼ Ȳ ᴯⱢЈȷ Ẕ ҅Ϥ(2.3)ȳ(2.4)הȲ ( ὤ

ế ὤ ) ᴩ ӔȲѿḖ Ӕ∟ᾼὤếὤ Ȳ ᴯꞋⱢdBȴ 

 ὤ ὤ ὖὍὃ (2.3) 

 ὤ ὤ ὖὍὈὃ (2.4) 

Z ӔȲ ᴞ♅ ὑ)ה… ὥὤ) Ɫ(2.5)הᾼᶮהȲ Ӕ∟

ᾼ֫ᾌ(ὤ)Ἤᴷ ᾼɮ (Ўɮᴂ )̔ Ϥ(2.6)הМȲ ᾼЎɮ Пѩ ȲḖ Z

(ὤ Ȳ ᴯⱢdB)Ȳ ᴖẓצ ц Ӕ ПZ (ὤ)ȴ 

 Ўɮᴂ ς ὑ Ὠί ς ὥὤ Ὠί (2.5) 
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 ὤ ρπÌÏÇὤ ρπÌÏÇὤ ρπ
ρ

ὦ
ÌÏÇ

Ўɮᴂ

Ўɮ
 (2.6) 

МȲὤếὤиᵑῶӱה(2.6) Ӕ ϚḔ Ӕ∟ᾼ Z Ȳ֯ױⱢ ἤ ᴯ

(άάά )ȴ 

ὤ Ӕ⁄ѿ ᾎ Ȳ Ἤ ẞᾼ ֫ᾌ (1525 

dBZ)Ἤ ᾼӂᶁ Ȳ ᴯ֯NCU  ᾼJWD Ἤ ᾼ П (ὤ

ὤ ὤ ) ᴩ ӔȲẔ ᴯⱢdBȸ 

 ὤ ὤ ὤ  (2.7) 

ὤ ӂ ȴṿӣϱ כᶙה(2.7) Ӕᾼὤ ẔỂ (v Ὲ ϱד Ѡ

ᴯṔếᾘᾌḇד Ԛ9(כ Пӂᶁ ậ҅Мїᴯ ᾼὤ Ȳẃ ױ ᾼ

​ᴷ ᾼ Ȳ∟ Ὑѿὤ ᾘӣῶӱПȲẔ ᴯⱢdBȴ 

2.2 ╚╓╟K  

ᵓӣ17ӂ ѿ ᵅɮ Ȳ ẔᾘהϤ(2.8)҅ױ ֣ (�U)›∟ԚХ

ᾼМї иᾎἬ Пὑ ȴ(2005 נּ) ᴖ֯ ᾭ ​ ₤ Ȳ ɮ

Л Ὑ ᴖ Ӧכ ֣ ⇔ᴷ ᾼὑ Ѡᾎ֯׀Лю ( 2. 3)Ȳ ᴖ∟ Ẕ Ѭᴷ

ὨЛֽ ӣ֯ Ѭ ẃᾼצ ȴ 

 ὑ
ρ

ς

‬ɮ

‬ὶ
 (2.8) 

ẔМ �Uῶӱ ֣ ᾼ Ȳ ᴯⱢkmȷɮ ῶӱ ᴯד ᾼ Ȳ ᴯⱢЈȷ

ὑ ῶӱӦ ֣ ⇔ ᾼѩ ᴯד Ȳ ᴯⱢЈ/kmȴ 

ҫϚ Ѡ ⁄ ὑ֫ᾌᾼᴞ♅ Ȳה… Ḗה(2.11)-(2.9) ᾼ a Ȳױ

֥​ ᾼ ᴯד (Ўɮ  )ế Ӕ∟ᾼ֫ᾌ(ὤ )Ẕ иȲ ֽϯȸ 
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 ὑ ὥὤ  (2.9) 

 ς ὑ  Ὠί ɮ ὶ ɮ ὶ Ўɮ  (2.10) 

Ȳה(2.10) ὑ Ḃ  כ ᾼᶮה∟(Lim et al. 2013)Ȳ 

 ὥ
ὑ

ὤ ὶ

Ўɮ

ς᷿ ὤ ὶ Ὠί
 (2.11) 

ὤ (άάά )Ɫ Ӕ∟֫ᾌȲ ὶȟὶ Ɫᾘ ​ ỞӒ Ȳ​ ứ ֯

Zצ ѹʍ Єὑ0.85ᾼ Ԉȷ�VⱢẔ ֣ (km)ȴᴖb Ɫ ȲẃᴞDSD

Пὑ ὤ …ה… (Loh et al., 2022)ȴ 

ה(2.11)֯ ᴩ… ᾼ МȲ ậᾘ 10 %Ҡӣ  

ᾼ ᾌḇȲ֯Ẕ ϱᵓӣ ₇ ṿɮ ῴỞ Ɫ 0Јᾼ ἤȲ ∟ 5

Ὑ ɮ (> 5Ј )ᾼӂᶁ ẃ҅ῶЎɮ Ȳᴖ‍ứ ᾘ ֣ ​ ᾼỞӒᴯ

ὶȟὶ ԈȴṳⱢϠ ’Ṝ ᴩ Ȳ֯ḕ вȲ ѿ ᵅ

ԊṔ(< 2.0Ј)ᾼѠᴯṔ ếẃ a ȲῶӱⱢὥ ȲẔ ὑ֫ᾌἬᴷ Пὑ

ⱢὑᶻȲ ᴖẔе(2.12)ֽהȳ(2.13)הἬӱȸ 

 ὑᶻ ὶ  ὥ  ὤ ὶ  (2.12) 

 ὥ  
В Ўɮ

В ς᷿ ὤ ί Ὠί
  (2.13) 

ẔМὥᾀὭⱢ֯ ᵅԊṔ ᾼѠᴯṔȴ 

ҵȲᴕױ ὤ ẁ​ ᶮᾭᾼ Ȳ Ғ ​ ⇔ᾼד ἤȲ ᴩ ὑ Z

ếὤ ᶮהᾼᴞ♅ᾎȲ ӂ ∟ὤ (ὤ Ȳ ᴯⱢάάά ) ӣὑᴞ♅ᾎ ὑᶻz

Ȳѿὥͺ ҅ῶẔἬ ᾼa ȴ 
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 ὑᶻz ὶ  ὥͺ  ὤ ὶ ὤ ὶ  (2.14) 

 ὥͺ  
В Ўɮ

В ς᷿ ὤ ί ὤ ί Ὠί
  (2.15) 

֯(2.14)ȳ(2.15)הМȲ ὤ ЛṜ0.5 dB Ȳ⁄ѿ0.5 dBậ҅ẃ ᵍắẔ Њ ⇔

ȴ ὥᾀὭⱢ֯ ᵅԊṔ ᾼѠᴯṔȴ 

2.3 ứ ​ᴷ  

ѿ Ὑ ï ὤȳὙ ïὑ ế еהὙ ī (�=, ὤ )ȳὙ ī (ὑ , ὤ )Ḗ ​

ᾼ …Ȳеהῶӱֽ(2.16)-(2.19)הȸ 

 Ὑὤ ὥὤ  (2.16) 

 Ὑὤȟ ὤ ὥὤὤ  (2.17) 

 Ὑὑ ὥὑ  (2.18) 

 Ὑὑ ȟ ὤ ὥὑ ὤ  (2.19) 

֫ ὤⱢ ἤ ᴯ(άά ά )Ȳ ὤ ⱢdBȲὑ ⱢЈȾËÍȲRⱢmm/hrȴ 

ӣὑ Ӕ∟ậ ֥ Z (Єὑ0 dBZ)ᾼ Ȳ Ἤה(2.19)-(2.16)

QPE…ה ᴩ ​ᴷ ȷṳ ὑὑ ᾼQPEK ȲṿӣὙ ï ὤ/ Ὑ ï ὑה ȳὙ 

ï ὤ/Ὑ ī (ὑ , ὤ )ᾼ ֥₤(hybrid)еהẃ ὑ ֯ᴷ Ѭ ЛҠ‒ᾼ ᾓȴ

Њὑ 30 dBZᾼὤἨ0.05Á/kmᾼὑ (Ἠ ὤ Њὑ0.05 dB)ӦὙ ï ὤậ҅Пȴ 

ϱἬᴷ ᾼ​ ᷾ ᴟѿѬӂ᾿Ṕᶄ ếԊṔ ⇔ῶӱП ȲẔѬӂ

έ⇔Ɫ0.5 km Ĭ 0.5 kmȲ₣᾿ έ⇔⁄Ɫ Ở ԊṔ ứ(Á)Ȳṳậ ᵅצ

ᵂⱢ ​ᴷ П ὨȲ∟ ​₣᾿ (Vertical profile of rain, VPR) Ӕ

ᾼQPE₇דѩȴ 
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2.3.1 QPE …ה…  

… ᾼ ế ἤȲ ​₤ ȳDSD ế ֥Ѡᾎצ Ȳ Ӧᶝ֮ ᾼDSD

ἤḖ ֮ ​ П ᾼ о …(Ryzhkov and Zrniĺ 1996; 

Pepler et al. 2011)ȴ 

ѿ҅ῶү Җ ֮ ​ᾼDSDἤȲ֪ױ ӣ (2016) ү ѬṆ ᾼ ἤ

(Chen and Chen 2003)Ȳ ᴯ֯NCUὑ200010דѣᴟ20076דѣ Ἤן ᾼ  DSD

ṼѣԌи ȲἬ ᾼủ ἤQPE… ֽῶ2. 4ȴ ὑṼѣԌ иᾼ ​₤ Ȳѻ иכ

╡​(Spring, 3-4ѣ)ȳ ​(Mei-Yu, 5-6ѣ)ȳр∟ ☼(Convection, 7-9ѣ)ȳ (Typhoon, 

ѿ ҏ Ɫѻ)ếᵐ (Winter cold front, 10-2ѣ)Ȳ ​ ѿḕ

6и ᾼDSD T-matrixᶾ (Waterman 1971) Sᾌ◕ Ȳ ᴖế ​

Ḗҏ֢ ₤ ​ …ה… Ȳ֯ӐׁשṅМἬиέᾼХ ​ṶԈȲC1ȳC2 ὑ ​

ȲC3ὑ ȲцS1ȳS2ὑҍủᵐ ᾼ ​ ₤П… Ȳиᵑ ӣὑ(2.16)-(2.19)

 ᾼQPE֥ȴה

2.3.2 ₇ (texture) 

ᴕ ֯ ᾼ ѐ⇔ϱ ᴩ ​ᴷ Ȳ ὔắ ᾭᾓἬі ᾼ ᴖ

Ӣ (spike)Ȳ∟ ֯ ᴩ ​₣᾿ (Vertical profile of rain, VPR) Ӕ Ȳ

Ἠ֯ ֮ Ȳ ϤЛ֥ ᾼ ​ᴷ Ȳ֪ױ Ὲ ϱ ​

ЄᵂⱢᵒ ȴ֝(2.20)הȲ (Ὑ Ὑ ) 1.5ᾼӂᶁ​ (Ὑ ) С

ѿ ȲṳӦ Є ( ᾼ 24 ѹ Ṝ(2.20)הП )ᾼӂᶁ ẃậ҅

Ȳѿ ᵅ ᾼ ȴ 

 Ὑ Ὑ ρȢυ Ὑ  (2.20) 

МȲὙה(2.20)֯ ῶӱ֯ӭ ᾼ ​ᴷ ȲὙ ῶӱѿӭ ⱢМїẔỂ Ἤ

8 (v ד ѠᴯṔ ᾘᾌḇד Ẓ Ἤ ᾼ(כ ​ᴷ ӂᶁ Ȳ ᴯꞋⱢmmȴ 
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֝ ​ вᾼ ȲҠ ẃᴞ ₇ М ֵᾼ ȲѿὙ

Ɫ ᵀὙ Єὑ 0 mmⱢꜜứȲ֝ Ӧ Є ᾼӂᶁ ậ҅ПȲṿ

иӁḆⱢᶁлȴ ₇ ᾼ Ὠὑ  AМ Ẃ ȴ 

2.3.3 ​₣᾿ (Vertical profile of rain, VPR) ӔѠᾎ 

ⱢϠ Ӕṳ ᵅ ​₣᾿ оếPBB Ȳ ṿӣ ѹӑắ  ⇔ᾼ

Ȳ∂Ӵ ​֯₣᾿ ⇔ϱᾼ …ȲѠᾎӦѿϯẒ и  ȴכ

1) ḟứ҅ῶἤ₣᾿  

ן Ὲ ​ ȲЛ֝ὑѿἏ Ể ứ ҙ вẔѠᴯṔӂ

ᶁῶӱ(Kalogiros et al. 2013; Koistinen and Pohjola 2014)Ȳᴖ╥֯ вȲѿѬ

ӂ᾿Ṕᶄ ϱ Ḕ ḕϚ ẔỂ 20 kmвᾼ₣᾿ Ѭ Ȳ ᴩ ⇔П

ᾼ ֥Ȳẃ҅ῶ ἤᾼVPR ( 2. 4)Ȳ ᴖ ậ Ὼ ​Ṇ ᾼ Ȳ

⇔(�K)ד ᾼ ​ẗ ῶӱֽ(2.21)ה(Montopoli et al., 2017)ȸ 

 ὠὖὙρπȢ Ͻ  (2.21) 

ẔVPRᴯⱢmmȴ�KⱢ Ἰ ⇔Ȳ ᴯⱢkmȲ ֥ᾼ ⇔ ạ֯3.5 kmѿϯȴ

�D Ɫ Ȳ֪ᴕ ​ ᴖ ϯ ᴟ֮ῶᾼ ​ Ғȴ 

2) QPEᾼ₣᾿ Ӕ 

Ẕ֮ῶ(Ὤ)ה(2.22) ᵅצ ⇔(Ὤ) ᾼVPRѩ Ȳ ᵅצ

ᾼ ​ᴷ Ὠ Ӕᴟ֮ ȴᴯὑPBB ᾼ Ȳ ד⁄⇔ ҒȲ

Ӣ ד ӂ֮֮ ȲḆ ᾼVPRѩ ẃ ​( 2. 5)ȴ 

 Ὑ ὼȟώȟὬ  Ὑὼȟ ώȟὬ  
ὠὖὙ

ὠὖὙ
 (2.22) 

МȲה(2.22) ὼȟ ώⱢѬӂ ᴯ ȲὬếὬиᵑⱢ֮ ⇔ế ᵅצ ⇔Ȳ
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ᴯⱢkmȲὙ ὼȟ ώȟὬ Ɫ₣᾿ Ӕ∟ᾼ​ Ȳ ᴯⱢmmȴ 

2.4 ​ Ѡᾎ 

QPEѿ ​ᴷ (R, mm/hr)Ɫ Ӑ ᴯȲ Њ вᾼ ​ᴷ ᴩ

ӂᶁȲ ∟ ​ᾼ֮צ ​ (2 > 0 mm/hr) ẔỂ ҙ 2 kmвᾼ ​ ӂ

ᶁ ȲᵂⱢ ​ Ἤ ᾼ ​ᴷ ȴ 

Ԛϥ Л֝ᾼ ​ᴷ ֥ ₣᾿ Ӕᾼ Ὠ(VP-R)(ῶ 2. 5)Ȳ МҶ ᶝ

(Central Weather Bureau, CWB)ᶝ ֮ ​ (2) Ẓ῏ ᾼד ᶁѠ

(Relative root-mean-square error, RRMSE)ȳ оӂᶁ (Normalized mean bias, NMB)

ếד … (Pearsonôs correlation coefficient, CC)Ȳѩ иέ֢ QPEᾼῶ Ȳṿӣеה

 ȸה(2.25)-(2.23)ֽ

 ὙὙὓὛὉ

В Ὑ Ὑ
ὔ

В Ὑ
ὔ

 (2.23) 

 ὔὓὄ
В Ὑ Ὑ

В Ὑ
 (2.24) 

 
##

В Ὑ Ὑ Ὑ Ὑ

В Ὑ Ὑ В Ὑ Ὑ

 
(2.25) 

​-МȲ�1ⱢQPEה(2.25)-(2.23)֯ ᾼ ȷὙếὙ ⱢⱢ Ὥ Ἤ ᾼ ᴷ

Ὠế֮ ​ ȷὙ ὙиᵑⱢὙếὙ ᾼӂᶁ ȴ 
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Ϯ    Ὠ  

3.1 Ԉ ​ᴷ  

ᴩϚ ӑ PBB ᾼ ᾓȲֽ 3. 1ᾼ в ӱиӁ֯ừ

ếЍ Ẕ ắPBB ᾼ Ȳ֯ 0.5⇔ԊṔ ⇔ӂ ϱᾼ ֫ᾌế ​ᴷ ᵧ

Ὑ ᾼЛ ᾌḇᾭиӁȲᵛ ᾌḇ Ѝ ∟Ȳ֪ᶙԓἨ иᾌḇ ⇔ᾼ

ȲἬ ᾼ֫ᾌד Ȳ ᴖ דṿӣZכ ᾼ ​ᴷ ᵅᴷȲᴖ ԊṔ Ғ

( 3. 1 (a)ᴟ(c))ȲắPBB ȴ 

ױ ч╣Ϡ ὑRCWF ֝ PBB   ֯ ֮ᶮϱῺ֮ῶ

ᾼ Ѭ ᾼ Ȳ֪ắ֮ᶮ  ᶙԓἨ иᾌḇ Ȳ֮֯ᶮ∟Ѡᾼ

ҷἨ ȴ֪ ױ Ἤ ẞᾼ ⇔ ạц PBB ӢᾼЛ ứἤȲ

֯∟ 3.4.2 ϚḔ ₣᾿ ​ ӔѠᾎѩ иέȴ 

3.2 ╚╓╟K Ѡᾎѩ  

Ṽ ​ ᾼɮ ếZ (цὤ )ᾼѠה ᾼ… ὥ (Ἠὥͺ )ȲẔẓ

צ ​Ṇ ᴖ ᾼ ἤȲֽ2017ד ​ ( 3. 2)ȴṳ Loh et al. 

(2022)֯ ד2017 ​ủ (5-6ѣȲ27ЈC ӂᶁ ⇔) DSD Ἤ ҏᾼ…

Ẕὤ ὑ иӁѩ Ȳֽ 3. 3 Ὑױ ᾼ ѻ М֯40 dBZѿϯᾼ֫

ᾌ ⇔Ȳ ֫ᾌ Ȳṿӣὥ … ֥Пὑ ᴷ ḆⱢ ἤȲ Л֝

ϯᾼDSD Ȳ֪ױ DSD ᾼὤ ὑ ẗ פ (aⱢ )ѩ Ȳ֯֫֝דᾌ

ᵧ ᾼὑ Ḇ Ȳ ᴞ♅ᾎ ᴕ ὤ яⱢ ȴᴖ 3. 4иᵑṿӣ

DSD ᾼ… a ᾼὥͺ П ᾼ ὑ ᴷ Ɫᵅ

Ȳ ᴖ∟῏Ь ẁ Ὑ оȲẔ :ᾼ֝ד (ֽ 0.53.5 dBП )
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ῶ Ḇ ȴ 

3. 5ѿ202111דѣ26ѡ0736 UTCӢ Ѭ Ȳ ӱRCWF Ἤ ẞ

ɮ ЛὙ ᾼ ᾓϯȲᴞ♅ᾎП ὑᶻế ὑᶻz ẁῈ ѹד ᾼὑ иӁȴ

֯Ẕ ֣ ϱ( 3. 6)ȲҠṓױѠᾎ ’ҟ Л֥ ᾼ ὑ ᴷ ȲṳѹẔ о ֫

ᾌ ᴿȲד ֫ᾌ ⁄ч╣ҏד ᾼὑ Ȳ ֣ ⇔ ᾼὑ Ὑ Ғ

ᴯ Ϛ ȴ ϚḔ ṿӣ(2.3)ה ᴞ♅ᾎἬ ᾼὑ ᴷ֫ɮ Ȳẃ ѩ

ḕϚᾌḇϱᶙ ᾼЎɮ о ( 3. 7)Ȳ֫ ϠẒ Ὑ ᾼЎɮ иӁȲᵀ ὑ

֣ ϱᾼЎɮ ᵧ ὑ Ȳ ֯ᴞ♅ᾎ a МȲ ᴯד

ậᾌḇϱӒ ӂᶁҠ ЬЛṜѿῶӱ ϱᶙ ᾼЎɮ оȴ 

3.3 ἤVPRᾼ ​ ἤῶ  

ὑ ​Ὲ ἤᾼ Ȳѿ 1ѣד2018 6ѡ2242 UTC֯ ҍủᵐ

ᾼᵛ ⱢẂȴ ∂Ӵ ἤVPR Ȳ Ṽ ἬṿӣᾼQPEѠᾎЛ֝ᴖ Ȳ

ⱢϠױ֪ ᵑѠᾎẔ₣᾿ Ӕ ⇔(  )ᾼѬӂиӁȲ С֝דᾼ ⇔ ԈȲ

ᵛḕ ѿ0 km 3 kmᴩVPRѩ ᾼ Ȳֽ 3. 8γ ױ ᾼ

Ὠȴ֯ױ ​ᴷ ᴖṕȲ Л֝QPEѠᾎậ ᾼVPRѩ иӁדᴿȲ֝ Ϸ ӱ

֯ѬӂῈ ϱᾼ Ѭ ἤ Ȳ Мѿᴯ֯ ⁮ 500 m ᾼЍ цừ ֮

Ȳ ᾼ ⇔ ╥ ȴ 

ϚḔ ֪ ᾼ Ѭ ἤЛ Ȳ֝Ἤ҅ῶẔᶝ֮₣᾿Ὲ ϱ ​ ⇔ оᾼVPR

ȴ ᵅצ ⇔ᾼ Z ῀( 3. 9)Ȳᴯ֯ ᴫ ế⁮ѠẒ֮Ɫѻ Ӣ

​ ȲṳӦ 3. 9МϮṔᶮᴯ ᵂⱢ֢ CFADs (Contour Frequency by Altitude 

Diagrams)(Yuter and Houze 1995)Ἤד ẔỂ 20 kmᾼМїȲ ӱṿӣ2ὑᶻ ᾼ₣

᾿ ​ ( 3. 10)Ȳ ῈᾼѬ І ᴟ֮ ᾼ Ȳ ֣ὑ Ғ ​ ȴϷֽ

ϱ VPRѩ ῶ Ȳẓצ ⇔ϱᾼ Ȳὑ ᴫ ( ᴥ ) ​ᴷ ᾼ₣᾿



 

17 

ד МȷҫϚѠ Ȳ ⁮ ᾼ ​ ⇔иӁ Ὑצ⇔ оȲҠ ẞ ѬṆ

ẞ֮ᶮ Ȳᵅ ​ḆⱢ Ȳ ѬṆ ᾼᶝ֮ ȴױҵȲᵧ Ҡ ᾼ

ἤ Ȳ Ϡ֪ ​Ṇ Ȳѻ ắ Ὼ Ȳ

Ȳắ ὑἬ ậᾼ ᵅצ ⇔ȴ ֯ (ᴯ ֯ RCWF ᴫ

⁮Ѡ)Ӧὑ ⇔ ȲҒϱ֮ ᴖắPBB Ȳ ẞ ѬṆ ᾼ

Ἠᶙԓ ҷẔ ​ Ȳ ᴖҠ כ Л֥ ᾼҵἋ Ȳ Ғ֯ ​

ᴷ ֥ᾼ╚ ἤȴ 

3.4 ​ᴷ ѩ иέ 

ṿӣֵ QPE֥(ῶ2. 5)Ḗ ​ᴷ ὨȲẔ ₇ (texture) ∟Ȳѿ

֮ ​ ᵂⱢ ​ ᴩѩ ȴױ Ԓ Ἤצ Ẕ ​ᴷ ​

⇔ оᾼ ῶ циӁȲ ᴷ֯Л֝ ​₤ ẔVPRѠᾎᾼ Ȳῶ3. 1ȳῶ

3. 2иᵑ ☼ế ᾭ ​ Ẕ ​ Ἤ ᾼRRMSEȲNMBếCCи Ȳ

ѿӂ֮ ( ⇔< 500 m)Ɫѻ иέ Ȳ ֵԚ84ȴ 

3.4.1 ​ᴷ Л֝֯ה ​ ⇔ᾼῶ  

ϤἬצ Ẕ ​ᴷ Ὠᾼ ֥ ᴷ( ​ѻ Ɫ ​ ế ṶԈ

Ἤ )Ȳ 3. 11ῶӱ֢ QPE֥Ṽ ֮ ​ Ἤ ᾼ ​ ⇔ П

оȲ Ԓѩ еה( 3. 11Ȳ )ᾼῶ Ȳ ὑ2ὤеֽה ֯Єֵ ᾼ ​

⇔ вȲ ẓדצ ᾼ RRMSEế ᾼ ​ᵅᴷ(NMB < 0)Ȳṳѹ

​ ҒẔḂ ⇔ Ȳ Ὑ Л֝ѣԌ иᾼ ​₤ ӣד ᾼ QPE…

Ȳѿ ᵅDSD ἤᾼ Ȳᵀ ᵓӣZ ᴩ ​ᴷ ᾼЛ ứἤЬד Єȴᴖѿ

ὑ ד ᾼQPEѠᾎậ҅֯ ֫ᾌ(> 30 dBZ)ᾼR(Z)еה Ȳ Ϡ Ѭ

и֪​ Њᴖ ӢὙ ҵȲ Ӑϱ ​ Ғᴖ юȷ ὑRRMSE



 

18 

ếNMBẒѠ ȲꞋѩṿӣR(Z)Ѡᾎ Ϡ ​ᴷ ᾼ ⇔Ȳ Ѭ Ḃ פּ

10%ᾼ ȴ 

֯ 3. 11М ᾼ иȲⱢ ֥ ὤ ᾼ ​ᴷ ῶ Ȳ֪ ẁḆֵᾼDSD

(ֽ ​ )Ȳ ϚḔậ Ḇ ᾼ ​ᴷ ὨȴяẔ ὑZᾼ ​ᴷ Ὠ

Ẕ ד Ȳ֪ ὤ ᾼҒϤȲ иᵑᵓӣ Zếὑ ᴷ ​ᾼ Ȳ

ֽᴯ֯ ​ (> 20 mm/hr) Ȳῶ ὑϚ ȴ ứ ѩ ẃכȲד ṿӣR(Z)е

ᾼ֯׀Ἤה ​ᵅᴷ Ȳ2ὤȟ ὤ ᵗὑצ ᵅ ȲẔNMB ẞ 30%ẔҠ

ᾼḂ ȴ ᴖ ᾼ ȲҠ Ӧὑ ὤ ᾼ Ἤ ȴ 

ҵȲױ ὑЛ֝ὑ ד ᾼ ​ᴷ ѩ ( 3. 11МⱢ ȳ ế ᴥ и)Ȳ

Ẕ ​ᾼ ד Ȳч ֯ ᵅ ​ (< 50 mm/hr)ᾼ вȲҠṓẃᴞЛ֝ὑ

ᴷ Ẕ ὨȲד ֣ ᾼὑ έ⇔ ắ иѠᾎ ӂ ᴖ ᵅȲ ᴖᴞ

♅ᾎἬᴷ ᾼὑ  (Ҕ╗ὑᶻȳὑᶻz )Ẕ ​ᴷ ḆⱢ ֣ὑᵅᴷȷ ϚḔ ֥ ὤ

Ȳ⁄ẓצRRMSE ᴟ0.2ѿϯȲNMBּפ 0.1вᾼ Ṿῶ ȲЛ֝ὑ2ὤ/2ὑ ȟ ὤ

е֯הМЊ​ Ὑ ᴷᾼ ȴ֯ ῶ ϱȲ Ӧᴞ♅ᾎᾼ ​ᴷ Юὑ

ṿӣZế ֣ ᾼὑ Ȳѹ֯Є​ Ḇ ֣֝∟῏ᴩⱢȴ 

ᴖ֯Ὲ ד ᾼ иӁ ᾓȲ ​ ⇔ оȲԚиכϮ ѻ ​ (0-

10ȳ10-50 50-100 mm/hr)Ẕ֮ Ἤ ᾼRRMSEếNMBПῈ иӁῶ Ȳẃ

ѩ ẃᴞ֢ᴯ ᾼ ȴ 3. 12ᴟ 3. 14Ɫ ὑὑ ד ᾼ еהἬ ᾼ

ὨȲ ѿϱ֯Ἤצ ​ ⇔ вẓצ Ṿῶ ᾼ QPE ֥Ȳ ֯ ᵅ ​ (< 

50 mm/hr)ᾼ МȲꞋҠṓ ѿừ ֮ ếẔ ֮ ᵂⱢ ᵑȲ Ὑắ֮ᶮ ⇔Ἤ

ᾼ Ȳ ᵅ PBB ∟Ȳ›῏ ὑ ϚḔ ậῺ֮ῶ ​ Ӣ ᾼ

ḖḆⱢ йȲ֯Л֝ QPE ὨМ ӱⱢѻ כ ​ᵅᴷᾼẃ ȷᴖ ​ ⇔

Ғ Ȳ Ӣ ​ М֯ ᴫ Ȳױ ҏ ֥ὤ ᵓὑצ ​ᴷ

ῶ Ȳ ᵅȴ ὑẔ҃QPE֥Ẕ Ὲ иӁᾼ ᾓ⁄ ṓὑ  Bȴ 
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3.4.2 ᶝ֮VPRѠᾎ Л֝ ​ ₤  

1) ☼ ​ 

ὑ ​ц ṶԈ( 3. 15МC1-C3Ȳ и ֽῶ3. 1)Ȳ֝›ϚЊ Ἤ

ὑ Zᾼ ​ דȲה… ὑẔ҃ QPE֥ȲẔἏἏẓדצ ᾼ RRMSEế

ᾼ ​ᵅᴷ(NMB<0)Ȳᴖ ₣᾿ Ӕ ∟Ȳצᵗὑ Ȳ Ὑ ᵅȴ 

ẔМȲ֯Ẓ ​ ṶԈ ( 3. 15МC1ȳC2)ȲӦ ὑᴞ♅ᾎᾼ ὑᶻế ὑᶻz

ᾼ ​ᴷ Ẕ ȴѿ2ὑᶻȟ ὤ еה 2ὑᶻzȟ ὤ еהᵂⱢ֯C1

ṾếװṾᾼ ​ᴷ ֥Ȳ 3. 16ᴟ 3. 19ἬӱȲ ֮ ​ ὑ20176דѣ1

ѡᴟ 6ѣ 3ѡ(UTC)​ (C1)ᾼѩ МȲҐ ҏẒ῏ ֯ṶԈ ​

ế ​ иӁꞋᵧ ֮ ​ ד Ϛ ᾼ Ὠ( 3. 18cȳ 3. 19c)ȲẔ ῶ

ПRRMSEɑὑ0.2ȲNMBᴟ0.07ѿвȲѿцCC Ὼ0.98ᾼи ȴ 

3. 20ᴟ 3. 23Ɫ20176דѣ14ѡᴟ6ѣ18ѡ(UTC)​ (C2)

֮ ​ ᾼ ὨȲױ ᾼ ​ ⇔ М֯МЊ​ȲẔМ2ὤȟ ὤ Ὼὑ֮֯

Ἤ ᾼ֢ ​ ⇔ῶ ȲЛ NMBЬ ֣Ɫ ȴ ᴩVPRѠᾎ Ȳ ὑ

ᵓӣὑ ד ᾼ ​ Ȳה… Ϡ֯ ᵅ ​ (< 10 mm/hr)γ Ὑ ᾼR(ὑ )

Ẕ ῶ ᾼ ( 3. 21a,b)ҵȲ ᴞ♅ᾎἬᴷ ᾼ2ὑᶻ ế2ὑᶻz Ẕ₣᾿

Ӕ›∟ᾼRRMSEи ד ϯȲ Ϡ ​ ȲḂ ​ᵅᴷᾼᾭᾓȷяẔ╥VP-2ὑᶻ

ῶ ( 3. 22a,b)Ȳṿ 2ὑᶻ ПNMB ᵅϠּ22%פȲ ẞ ​ иӁ ϚḔὋ

Ȳױ Ḇ ῺὑϚȴ ᴖ иӁ ȲCC юȴ ϚḔ ӣᴕ ὤ

ᾼ QPEеה Ȳчᴖ ᴩVPRӔד ȲḆ ὔ Ӣ ​ ᴷᾼ ᴖ

ЛҠ‒ȲӦ   ᾼ C2 ὨȲ ὍЄ Ɫ ȲRRMSEѠ ҏ

1.0ȴ 
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֯ ( 3. 15ȲC3)Ȳѿ 3. 24ᴟ 3. 27ἬӱᾼЛ֝QPE֥ ֮

ѩ Ȳ МᾼІ (a)ế(c)ῶ ױ ᴕ ὤ ∟Ȳ ὑ ​ᴷ Ὠ Л Ȳ

ҫҵӦ ​ế ủП ᾼ╓ … cѩ (ῶ 2. 4)ȲҠ ∟῏֪Ẕ… ד

ЊȲ֪֯ױ ᴩ ᾼ ​ᴷ Ὠ Ἤ ẞᾼὤ оȲҔᵶẔ

Ӣᾼ Л ȴֽ 3. 24ὑZᾼ ​ Ȳ֝ה… Ꞌ VPRѠᾎȲ Ӕ2ὤ

ế2ὤȟ ὤ Ẓе֮֯ה ​ ЛṜᾼ ȲḆ Ὼὑ ֮ ​ Ϛ ᾼ …ȴᴖד

ч֮Ȳᵓӣὑ ד ᾼ ​ᴷ ȲẔМѿR(ὑה )еה( 3. 15ȲC3 ᴥ) ӣὑױ

ᾼ ​ᴷ ῶ ϯȲὑ 3. 25ᴟ 3. 27Мᾼ ​ᴷ ₣᾿ Ӕ ὨȲꞋ Ӣ ֵ

Ӕᾼ Ȳ VPRᾼ ȴҠ ֪ ​ѻ Ӧ ҵ ​

Ϥ ӢȲ צ ᶙ ᾼ ​Ṇ ȲѹẔ Ѭ ᵶ ṳ Ὑ ₣᾿ ᾼ Ȳ

ᴩVPRѠᾎ ᵗȴ 

2) ᾭ ​ 

ὑ ᾭ ​ ᾓ( 3. 15МS1ȳS2Ȳ и ֽῶ3. 2)Ȳ ᾼҍủד2018

​ṶԈ(S1)МȲ ​ ᴷ ῶ Ὑ ֣ᵅᴷ( 3. 15Ȳ2ὑ ȟ ὤ ҵ)ȲӦὑ

⁮Ѡắ PBB Ȳѹᴯ֯ὧҖủ Ὸ Ȳ Ẕ ᴩ ϱᾼ Ὲ

Ἇв ӂ☼Ȳ ֮ᶮ ᵂӣϯȲצᵓ֯ừ ֮ ᶝ ☼ᾼӢכ ═ᾼ ạȲ

ѿᴟὑ 3. 28ᴟ 3. 31М(a)ế(c)иᾼ ​ ᴷ иӁЛṜѿῶӱ Ӣ֯

ừ ֮ Ὼ֮ῶᾼ ​ Ȳד ֮ 70 mmᾼ ​ иӁȲ

ẞּ30-70פ mm ᾼ ​ ⇔ȴᴖ ₣᾿ Ӕ∟ᾼQPE Ȳ֥‚ṿ Ԓᾼ Ȳ

֪Ғ ֯PBB ֮ ᾼ ​ᴷ ȲяẔṿӣVP- 2ὤȟ ὤ ếVP-2ὑᶻ ֥Ȳ

֮ ​ ᾼ и RRMSEּ0.4פцNMB 0.04ѿвᾼ ⇔ȴᴖ֯

VP-2ὑᶻȟ ὤ ếVP-2ὑᶻzȟ ὤ Ẕ ​ᴷ ὨМ( 3. 30dȳ 3. 31d)Ȳ ҏ ╦

ᾼ ​ ᴷ Ȳ ẁד VP-2ὑ ȟ ὤ ứᾼ Ѭ₣᾿ ȷᵀ ױ VPR

ὨᾼѬӂиӁϱȲ ϠVP-R(Z)еהҵȲẔ҃QPE֥֯ ᴫ Ꞌ Ӣ ⇔ Ӕᾼ
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ȴẔМᾼҠ ֪ⱢῺ֮ ᾼ Ȳ ⇔ ᵅ ᾼ Ѭ Ȳ ᴖ ᵅᶝ֮

VPR̔ῶἤȴ 

ҫϚѠ Ȳ ὑ ​ ד ᾼ2021ד ( 3. 15ȲS2)ȲVP- 2ὤȟ ὤ еה

Ьצ ᴷ ѬȲ 3. 15ӱ֯ ӣVPRѠᾎ›∟ẔRRMSEד ᾼ› ϯȲḂ

Ϡ ⱢᵅᴷᾼᾭᾓȲּפ ᵅ 40%П NMB ȷ ὑ ֣ ⇔ ᾼὑ Ẕ ​ᴷ

֯ ֫ᾌậ҅R(Z)דѩȲR(ὑ )ếR(ὑ ȟὤ ) Ḃ ᵅᴷᾼ ȲӦ 3. 32ȳ

3. 33М ӱ ​ᴷ иӁЬ М֯ Ṕ ϯѠȲ Ẓеה ​₣᾿ Ӕ∟Ȳ⁄ẓ

Ӕצ ὨȴױҵȲẃᴞᴞ♅ᾎ( ὑ ὑᶻἨ ὑᶻz)ᾼ ​₣᾿ Ӕῶ Ȳ ѩS1

ẃ −ֵȲױ ᾓ 3. 34ế 3. 35МṶԈ ​ иӁȲ ӱ֝ Ғ

Ϡắ PBB ֮ ᾼ ​Ȳᵀ֯Њ​ ד⁯ ȲἬ Ԓṿӣ ᵅ צ

​ᴷ ᾼ ​ иӁד ȲCC ᶁᵅὑ 0.6ҿҢȲ ᴖ Ẕ₣᾿ ⇔ оᾼҠ

‒⇔ȲẔ ⇔ЛцZד ᾼ₣᾿ Ӕ Ὠȴ 

֯ ד ὑ₣᾿ Ὑ ᾼ ​ṶԈȲҍủ ᾭ ​Ṇ VPRѠᾎᾼ Ḗ

ẃ Ȳѿậ ᵅ ​ ȲẔМṿӣЛ֝QPE֥ ᵡ ẞϚ Ḃ ᾼ ȴ֪ױ

ϚḔ ѿϱХ ​ṶԈϚ֝ Ȳ ד ὑ ᵅצ ​ᴷ Ȳ ӣVPRѠ

ᾎᾼḂ ⇔( 3. 36)ȲẔ ӦẒ῏RRMSEȳNMBếCCи ѩ Ȳеהῶӱֽ

 ȸה(3.3)-(3.1)

 RRMSE-based improvement 22-3% 22-3% (3.1) 

 NMB-based improvement ȿ.-" ȿ ȿ.-"ȿ (3.2) 

 CC-based improvement ## ## (3.3) 

ѩ RRMSEế NMB Ȳậ ᾼ ֪╥Ẓ῏ Ṿ ῶ ꞋⱢ 0Ȳ ѿӔ ҅

ῶṿӣVPRѠᾎᾼ Ḕȴẓצ ᾼNMB⁄ῶӱ ᾓᾼד ȴ 

3. 36 ӱ ṿӣᶝ֮ VPRѠᾎȲѿ ( Ὲ) ֮ ᾼ
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Ȳ DSD ἤẓ ⇔ᾼ Z ȲẔ ​ᴷ ֯Ἤצ МꞋ ẃḆֻᾼῶ

ȷᴖ2ὤȟ ὤ ⁄֯ цҍủ ​ Ȳẓצ 20%ПNMBᾼḂ Ὲ ȴ Пױ

ҵȲ֝ ֯ҍủ ​ṶԈ( 3. 36ȲᵐᴥṆ)צὙ с ​ᴷ ᾼ ⇔ȲҔ╗ṿӣ

2ὑᶻ ế2ὑᶻz еהȲẔ Ὠ ​ ṶԈϷד ӣȲч╣ҏẒ ₣᾿ ȷ

ч Ȳ֪S2 ᾼ ​ ⇔ Ȳ ṿӣR(ὑ )ᾼ ֥₤еה ȲֵѿR(Z)ᴷ ​

ⱢѻȲṿ Ɫכ Ϛ VP-R(ὑ )γ Ḃ ᾼṶԈȴ ὑὑ צ еהᾼѩ ȲꞋ

֢ Ẕ ​ᴷ ῶ ᾼ Ȳ ὔắ Ӑᴷ Ὠ ֣ ᴷᾼ Ȳ֯

₣᾿ Ӕ ḔὍЄẔ Ȳ ạϠVPRѠᾎ ȴ 

֯Л֝QPE֥ᾼ ԈϯȲ ᵑ ☼ế ᾭ ​Ẓ Ԛ ᾼ ἤⱢCC

Ȳѻ ẃᴞצ сắPBB ֮ ᾼ ​ᴷ ⇔ȷױҵЄ​ VPRѩ Є

Њד Ȳ ᴖ ẞ ☼ ​ Ȳ Ɫ ȴ 
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ҳ    ӑẃ  

4.1  

ү Җ ᾼSᾌ◕ оХиЍ (RCWF)ȲԚиέ֯2017דᴟ2021

ד ᾼХ ѬṶԈȲҔᵶ ​ ȳ цҍủᵐ ᾼ ​ ₤ȲṼױ ӣ ֮

Ἤ ᾼủ ἤ QPE… ẃᴷ ѬҵȴⱢϠṿῺ֮ ᾼ Ѭᴷ ḆҒᶙ ȲӐ

ṅѿשׁ ᾼ (PBB=0)Ȳ ἬצắPBB ᾼᵅ Ȳṳ ᴩ ​ᴷ

Ҕ╗ᴕ ᴞ♅ᾎᴷ ὑ ᾼṿӣȲẔ ₇ (texture)ᾼ Ȳԛ Ӧ VPRʒ

ᴖצѻ ѿϯẔ ȸ 

1. ᴞ♅ᾎ Ϡ ẁZ Ӕ ҵȲṳ ᴩὑ ᴷ Ȳ ὑZ (цὤ ) оḀạϠ

 ᾌ◕ ἤἬ ​Њ֯כ ᾼὑ ᾌ ȴѿẓצ ​Ṇ ᴖ ᾼ

… ὥ (Ἠὥͺ ) Ѭ Ȳד ֣ ⇔ ᾼὑ Ȳṿӣᴞ♅ᾎ

ᴷ ᾼὑᶻ (цὑᶻz) ∟ ’֥ ѹד ứᾼὑ ȴ 

2. Ӧ VPR₣᾿ ᾼѬӂиӁȲ ӱ֢֮ắЛ֝ ⇔ᾼ ​ Ȳ֝ ᵧ

ἤ ȴѿ S1 ᾼᵛ 2ὑᶻ ὨἬӱȲ֢ᴯ Ꞌ ѹӑắ

  ᾼ ​ᴷ оȲ֯ ѬṆ ẞ֮ᶮ Ȳ ᴖậ ᵅ ​ḆⱢ ᾼ ȷ

ᵀϷ֯׀ ᾎ҉и ḟ RCWF Ѝ Л ứế έ ᵅᾼᾭᾓȲ

∟ױ֪ ѿӂ֮ ( ⇔< 500 m) ᴩ ​ ȴ 

3. Ἤצ ᾼ QPE ֥Ẕ ᵅ צ ​ᴷ ᾼ ᴷȲѿ2ὑᶻȟὤ

П ֥₤еה ӣὑἬצ ​ ⇔ ȲᵀЬᵧ ừ ֮ Ἤᴷ ᾼ​ ЛṜȴ

֯МЊ​(< 50 mm/hr)Ȳᴞ♅ᾎἬᴷ ᾼ2ὑᶻȟὤ ế2ὑᶻzȟὤ ὑ

ᴷᾼ ᾓȲẔῶ ֯ 0.1ᾼNMB ѿвȷẔẃᴞῈ иӁᾼ Ѡ

Ȳד ᴫ ӂ֮ Ȳ ẞӦὑ ѽῺ֮ῶ ​ Ӣ Ȳ כ ắPBB
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Ἤ֯ᾼừ ֮ ẔNMB ὑ ȴ 

4. Л֝ ​ ₤ᾼѩ Ȳ ӱ VPRѠᾎ Ὠ ᵗ Ϡ֮ ​ᴷ ȲꞋצӔ

ᾼ Ȳᵀ ὑЛ֝ᾼQPE֥Ӽ Ẕῶ ȴ ὑắDSD ἤ

ᾼ Z ẔḂ Ὑ Ȳᴖדч֮Ȳṿӣ R(ὑ )еהцὑ ד ᾼ QPEеה

Ȳ ᴩ VPRӔד Ȳ ὔ Ӣ 20%ᾼ оᴖЛҠ‒ȲẔМ

֪ὑ Ẕ Ѭ ᵶ ṳӑצὙ ᾼ₣᾿ ױȲ֪֯׀ ᴩVPRѠᾎ⁄

ᵗḂ ȴ 

5. ᴖṕȲ֯ ☼ế ᾭ ​ ₤ ӣ VPRѠᾎᾼ ᶮȲ ᾎᶙԓ ẞϚ ἤ

ᾼ Ȳ ᾭ ​ẃכȲꞋ сCC ῶ Ȳ֪צ ắPBB ᾼừ ֮

Ẕ ​ ᴷ Ȳ֮ױ ҍủֵⱢ ☼ᾼ ѬṆ ȲѿVP- 2ὤȟὤ ứ с

​ᴷ Ὠȷ ☼ ​ẃכȲֽC1ếC3 ᴴ ​Ȳ ᵅצ

​ᴷ Ṝ Ȳ ᵑ╥ (C3)Ȳ2ὑ ẓצ Ṿ ​ᴷ ῶ Ȳ

ὑὑ ד ᾼ ​ᴷ ӣVPRѠᾎ Ȳ⁄ ᵅ ​ᴷ ᾼ ⇔ȴ 

4.2 ӑẃ  

ῴḔ ẁϠ ӣᶝ֮VPRѠᾎὑү Җ ᾼכ Ȳ ᴖױ ◕VPRѠᾎᾼ∂ӴЬ

ЛюḂצ Ὲ ạ Ȳ Л֝ ֣ᴖṕȸ 

ắ ​Ὲ ἤᾼ Ȳ Ӣ֯ Ể в ​ЛᶁлиӁ ȲЬ ᵅVPR

ᾼ҅ῶἤȲᵓӣ ​ֵ Ἠ֫ᾌ ᵒ ẔМ ẓדצᴿᾼ ​ ἤȲ Ϛ

Ḕ∂Ӵ Ϛ ᾼ₣᾿ ​ ȴἨ╥ ӦЄ₤ МȲֽ ​

(Taiwan-Area Heavy rain Observation and Prediction Experiment, TAHOPE)Ȳ

Ἤ ẁᾼRHI ȲẃҒѿה ֯ ứѠ֣ϱᾼӭ ѬṆ ȴ 

ắ ᾭᾓ ȲӦὑ ᾌḇ Ȳ֯ ☼ᾼ ᾓϯȲ

ẞ ѬṆ Ἠᶙԓ ҷẔ ​ Ȳ ᴖ כ Л
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֥ ᾼҵἋ Ȳ֪ױ ֵ֥ Ȳ Ȳ ṿẔ

Є сȴױҵȲ֪ ᴩ ӔȲ ד ѹ ⇔Ԋ צ ᾼ ἤȲ

֥  Л֝ ​ ₤ᾼ ​ Ẕ₣᾿ о Ȳצᵗὑ ẁד ứᾼVPR

ȴṳ ᴕ Ὼ֮ῶᾼ​ Ȳֽ​ Ȳ ҵ ẁ֮ Ȳ ᴖּפḇ

ṿӣ ȲҠ Л⌂ ᾼ ֥ Ὠȴ 

ắ ӣᾼQPEѠᾎ ⇔ Ȳֽ ϡ ҍủ ᾭ ​ṶԈМ Ӧᴞ♅ᾎᾼὑ ᴷ

ȲҠ ẃᴞЛ⌂ ᾼ… цṿӣ֫ᾌ іϤẔЛ ứἤȲẔМᾘᾌḇӒ ӂᶁ

ḟứ ᴯד Ȳ ᾎᶙԓῶ ֣ɮ ᾼ оȲӑẃ ѿḆ ᾼѠהḂ ѠᾎМᾼ

… ȴ  
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ῶ2. 1 ֮  ȴ 

 ​  ​  

  ה 

ᴯ  

  ⇔ 

ӴМҶЄ  

(121.18ЈE, 24.97ЈN) 

Җү  

(24.17ЈNѿҖ) 

έ⇔ 1 min 1 hr 

 

 

​ (D, mm)ȳ 

​ (N, #) 

​ (mm) 

 

(Waterman 1971) 

 

 

 

 

T-Matrixȸ 

 (דᴟ2015ד2005)

�z ᾌ : 10.0 mm 

�z ⇔: 20ᴈ 

�z ​ ѩ: 

Brandes et al. (2002) 

- 

 

ῶ2. 2  RCWF Ṇ ȴ 

 RCWF 

ᴯ  

  ⇔ 

  ⇔ 

 

(121.77ЈE, 25.07ЈN) 

766 m 

 NEXRAD WSR-88D 

ᾌ◕ о ₤ S dual  

(10.7 cm) 

ᾌḇ  0.5Ј 

֣ έ⇔ 250 m 

 ~6 min 

 

 

 

 (‹4ѣ19ѡד2019)

[0.5Јȟ 0.9Јȟ 1.3Јȟ 1.8Јȟ 2.4Јȟ 3.1Јȟ 4.0Јȟ 5.1Јȟ 6.4Јȟ 8.0Јȟ 10.0Јȟ  

12.0Јȟ 14.0Јȟ 16.7Јȟ 19.5Ј] 

/ 

[0.5Јȟ 1.5Јȟ 2.4Јȟ 3.4Јȟ 4.3Јȟ 6.0Јȟ 9.9Јȟ 14.6Јȟ 19.5Ј] 
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ῶ2. 3 ╚ ᾼХ ​ṶԈԝῶȴҔᵶ Ở ȳ ​ ₤ȳ Є/ 90ᴍиᴯ ​ ȳ

​צ [ и( ⇔> 0.5 km)/]ȴ 

 

ѡ (UTC)ц═  ​ ₤ Є 

​

(mm/hr) 

90ᴍиᴯ

​

(mm/hr) 

​צ

(#) 

C1 2017/06/01  15:00 (49 h) Mei-Yu 112 26 541 /2,828 

C2 2017/06/14  20:00 (92 h) Mei-Yu 26 6 893 /5,703 

C3 2020/08/03  21:00 (14 h) Typhoon 85.5 16.5 174 /  991 

S1 2018/01/06  03:00 (37 h) Winter cold 

front 

16 6 376 /2,802 

S2 2021/11/26  00:00 (24 h) Winter cold 

front 

24 4.5 485 /1,813 

 

 

ῶ2. 4 Sᾌ◕ Л֝ ​ ₤П ​ …ה… ῶ(ậᴞ 2016)ȴ 
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ῶ2. 5 ἬṿᾼQPE…ה ֥ȴVP ῶӱ ₣᾿ Ӕᾼ ​ᴷ ȴ 

QPE…ה 

(VP-) ἠἨ  

(VP-) ἠ╩ȟ ╩╓╡  

(VP-) ἠ╩/ἠ╚╓╟ 

(VP-) ἠ╩/ἠ╚╓╟ȟ ╩╓╡ 

(VP-) ἠ╩/ἠ╚╓╟
ᶻ  

(VP-) ἠ╩/ἠ╚╓╟
ᶻ ȟ ╩╓╡ 

(VP-) ἠ╩/ἠ╚╓╟
ᶻz  

(VP-) ἠ╩/ἠ╚╓╟
ᶻz ȟ ╩╓╡ 
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ῶ3. 1 ☼ ​ иᵑṿӣϥ QPE֥ѠᾎцẔVPRὨȲ ֮ ​ ѩ Ἤ ᾼ ῶ ȴ ֽῶ2. 3Ἤ Ȳ

ѿӂ֮ ( ⇔< 500 m)Ɫиέ ȴּמ (Ἁ )и ῶӱ ὑ ᴩVPRӔ›∟Ɫ Ṿ(װṾ)ῶ ᾼ ​ᴷ Ѡᾎȴ 

 

 

�³7ð   ἠἨ ἠἨȟ ╩╓╡ ἠ╩/   
ἠ╚╓╟ 

ἠ╩/   
ἠ╚╓╟ȟ ╩╓╡ 

ἠ╩/ 
   ἠ╚╓╟

ᶻ  

ἠ╩/ 
ἠ╚╓╟

ᶻ ȟ ╩╓╡ 

ἠ╩/  
 ἠ╚╓╟

ᶻz  

ἠ╩/  
ἠ╚╓╟

ᶻz ȟ ╩╓╡ 

RRMSE 

C1  0.3510 0.1967 0.2402 0.2270 0.2828 0.1879 0.2693 0.1969 

with VPR 0.2744 0.3549 0.2611 0.4765 0.2671 0.3809 0.2643 0.4139 

C2  0.5248 0.3275 0.4084 0.4473 0.3890 0.4050 0.3821 0.4409 

with VPR 0.3758 0.5957 0.4982 0.9291 0.4078 1.0771 0.4284 1.1771 

C3  0.5096 0.5090 0.3109 0.3466 0.3385 0.3311 0.3418 0.3458 

with VPR 0.3973 0.3848 0.6132 0.8347 0.5142 0.5979 0.5225 0.6231 

NMB 

C1  -0.2683 0.1134 -0.0531 0.2450 -0.1734 0.0370 -0.1706 0.0441 

with VPR -0.0982 0.2942 0.1785 0.5430 0.0311 0.2866 0.0340 0.2975 

C2  -0.4252 -0.1239 -0.1626 0.0449 -0.2729 -0.0595 -0.2647 -0.0375 

with VPR -0.2265 0.2564 0.1772 0.5267 0.0453 0.4543 0.0600 0.4939 

C3  -0.4112 -0.4468 0.0056 0.1640 -0.0902 -0.0161 -0.1066 -0.0340 

with VPR -0.2012 -0.2254 0.4654 0.7118 0.2909 0.3886 0.2597 0.3555 

CC 

C1  0.9629 0.9813 0.9740 0.9803 0.9608 0.9771 0.9642 0.9773 

with VPR 0.9530 0.9685 0.9580 0.9563 0.9503 0.9616 0.9527 0.9605 

C2  0.8529 0.8977 0.8377 0.8631 0.8944 0.8665 0.8945 0.8557 

with VPR 0.8882 0.8760 0.8707 0.8720 0.8761 0.7998 0.8731 0.7874 

C3  0.9106 0.9149 0.9221 0.9256 0.9097 0.9139 0.9084 0.9105 

with VPR 0.8934 0.9000 0.8936 0.8952 0.8916 0.8984 0.8930 0.8973 
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ῶ3. 2 ᾭ ​ иᵑṿӣϥ QPE֥ѠᾎцẔVPRὨȲ ֮ ​ ѩ Ἤ ᾼ ῶ ȴ ֽῶ2. 3Ἤ Ȳ

ѿӂ֮ ( ⇔< 500 m)Ɫиέ ȴּמ (Ἁ )и ῶӱ ὑ ᴩVPRӔ›∟Ɫ Ṿ(װṾ)ῶ ᾼ ​ᴷ Ѡᾎȴ 

 

�³7ð   ἠἨ ἠἨȟ ╩╓╡ ἠ╩/   
ἠ╚╓╟ 

ἠ╩/   
ἠ╚╓╟ȟ ╩╓╡ 

ἠ╩/ 
   ἠ╚╓╟

ᶻ  

ἠ╩/ 
ἠ╚╓╟

ᶻ ȟ ╩╓╡ 

ἠ╩/  
 ἠ╚╓╟

ᶻz  

ἠ╩/  
ἠ╚╓╟

ᶻz ȟ ╩╓╡ 

RRMSE 

S1  0.5184 0.4767 0.4600 0.5481 0.4720 0.4681 0.4695 0.4713 

with VPR 0.3942 0.3935 0.5818 0.8804 0.4183 0.5271 0.4257 0.5545 

S2  0.6672 0.6180 0.6025 0.5680 0.6350 0.6458 0.6441 0.6753 

with VPR 0.4983 0.6065 0.5174 0.6246 0.6912 1.0609 0.7124 1.1132 

NMB 

S1  -0.3637 -0.3054 -0.0732 0.1003 -0.2470 -0.1737 -0.2402 -0.1609 

with VPR -0.1415 -0.0351 0.2910 0.5552 0.0358 0.1546 0.0466 0.1746 

S2  -0.3989 -0.4538 -0.2649 -0.2031 -0.1443 -0.0206 -0.1344 0.0019 

with VPR -0.1482 0.0152 0.0642 0.1720 0.2560 0.4955 0.2693 0.5259 

CC 

S1  0.7076 0.7258 0.6884 0.6783 0.6853 0.6625 0.6855 0.6583 

with VPR 0.7683 0.7624 0.7392 0.7130 0.7299 0.6841 0.7273 0.6772 

S2  0.6925 0.7701 0.6866 0.7070 0.5977 0.6208 0.5845 0.5983 

with VPR 0.7920 0.7888 0.7801 0.7773 0.7276 0.7234 0.7195 0.7115 
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2. 1ү Җ RCWF ứиέ ֮ ᴯ иᵉ ȴѿᵅὑ500 m

П ᵂⱢ ֮ ​ ᾼ Ȳ Ɫ֮ ​ Ȳ‌ ᶮⱢ​

Ҕ╗ ԏ(JWD)ה Ẓ(2DVD)ה ȲּמϮṔᶮⱢSᾌ◕ᾼХиЍ ȴ 

 

2. 2 PBB ∟Ȳ ԊṔḆ Ἤ∟‹(4ѣ19ѡד2019) ậᾼ ᵅ

צ ⇔иӁȴѿ(a) 20181דѣ7ѡế(b) 202111דѣ26ѡⱢẂȴ 

(a) (b)
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2. 3 ХиЍ (RCWF)ὑ202111דѣ26ѡ0736 UTCԊṔ1.3⇔П ֣ ⇔

ᾼὑ ȴ 

 

2. 4 ѿ202111דѣ26ѡ0730 UTC R(ὑᶻ)ᾼᶝ֮ ​₣᾿ ȲҔ╗(a) ​

ᴷ ế(b)ὑҿ М ᴥѠ вᾼ₣᾿ ​ ȴ ​ ӣ ᶮהȴ

ᴥ ῶӱVPR֥ẗ ȴ 

 

(a) (b)
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2. 5 ֯ 11ѣ26ѡ0730 UTC R(ὑᶻ)Ἤד2021 (a)VPRѩ Ȳ(b) ᵅצ ⇔

ế(c)PBBᾼиӁȴ ῶӱ ắPBB ᾼ֮ ȴ  

(a)

(b)

(c)
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3. 1 ᵅϮ ԊṔ(a) 0.5Ј Ȳ(b) 0.9Ј ѿц(c) 1.3ЈẔᴷ ᾼ PBB(%)Ȳѡ ֫

ᾌ(άάά )ếѡ ​ (Ὑ ī (ὤ, ὤ )Ȳmm)ѩ ȴRCWF ᴯ֯ ᴯ Ȳ

Ὑắ PBB ᾼ ȴ֯ѡ ​ М Ɫ֮

​ ȴ 

 

 

(a) (b) (c)

(a) (b) (c)
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3. 2 ֯ ​6ѣ1ѡᴟ6ѣ3ѡ(UTC)ד2017 Ȳ֯ᴞ♅ᾎМиᵑṿӣ

ὑ ὤếὑ ὤȟὤ Ἤᴷה… ᾼ… ὥ (מּ)  ὥͺ  ()П

оȴᴊ ῶӱ   DSD ᾼa ȴ  
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3. 3 ᴞ♅ᾎѿ(a) ὑ ὤế(b) ὑ ὤȟὤ ᶮה ӣẒ… ᾼὤ ὑ иӁȴ

иᵑ ӣẃᴞ ( 3. 2) Loh et al. (2022)Ẕ DSD ậ

Ȳ ᴥⱢ ⇔(%)ȴ 

 

3. 4 ֝ 3. 3(b) Ẕ ד ᾼ: (dB) оȴ 

 

(a) (b)
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3. 5ХиЍ (RCWF)ὑ202111דѣ26ѡ0736 UTCԊṔ1.3⇔П(a)

Ӕ∟ᾼ֫ᾌ Ȳ(c) ӂ ᾼὤ Ȳ(e)ɮ Ȳ(b)ȳ(d)ế(f)иᵑῶӱӦ

ᴞ♅ᾎᴷ ( ὑᶻế ὑᶻz) ֣ ⇔ᾼὑ ȴ‌ Ɫ 172.75ЈѠᴯṔП

ȴ 

 

(a) (b)

(c) (d)

(e) (f)
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3. 6 ᴯ ֯ 172.75ЈѠᴯṔ( 3. 5Ȳ‌ )ᾼ ֣(a) Zế(b) ὑ ȴ ȳּמ( )

иᵑῶӱӦ ֣ ⇔ ᴞ♅ᾎѿὑ ὤ  (ὑ ὤȟὤ  )ɲהᴷ П

ὑᶻ (ὑᶻz) ȴ 

(a)

(b)



 

44 

 

3. 7 ХиЍ (RCWF)ὑ202111דѣ26ѡ0736 UTCԊṔ1.3⇔Пɮ иӁȴ

иᵑⱢ(a)ҟ᷉ ếҟ ɮ ᾼ ȲѿцӦ(b) ὑᶻế(c) ὑᶻz ᴷᾼᴷ

ȴ 

(a)

(b)

(c)
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3. 8 ὑЛ֝QPE֥ὑ20181דѣ6ѡ2242 UTCȲ ὬⱢ0 kmцὬⱢ3 km

ứἬ ПVPRѩ ȴ 
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3. 9֯ 1ѣ6ѡ2242 UTCד2018 ᵅצ ⇔ᾼ֫ᾌ ȴ МѿϮṔᶮⱢ

Мїן ẔỂ 20 kmвᾼ Ѭᴷ Ὲ ȴ 
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3. 10Ἤ 3. 9ѿϮṔᶮⱢМїẔỂ 20 kmвȲR(ὑᶻ)ПCFADsῈ иӁ

ῶ ȴ М ᴥῶӱ ᾼ иӁȲᴏֿ ῶӱḕ500 m⇔ ᾼ ​ᴷ

ӂᶁ Ȳ ᴥ ῶӱ VPR ֥ẗ Ȳᴖ ᴥѠ Ὑᴯὑ ᴫ Ẕ

​₣᾿ Ɫ Мᾼ ȴ 
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3. 11֯Х ​ṶԈ Ȳѿ֮ ḕ5 mm/hrᾼ ​ ⇔ Л֝QPE

֥Ẕ(a) RRMSEế(b)NMBῶ ȴ 

  

(a)

(b)
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3. 12֯Х ​ṶԈ Ȳ ὑ2ὑ ȟ ὤ ᴷ иᵑѿ֮ ẞ(a) 0-10 mm/hrȲ

(b) 10-50 mm/hrȲѿц(c) 50-100 mm/hrᾼ ​ ⇔ вἬ П RRMSE

NMB Ὲ иӁῶ ȴ 

(a)

(b)

(c)
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3. 13֯Х ​ṶԈ Ȳ ὑ2ὑᶻȟ ὤ ᴷ иᵑѿ֮ ẞ(a) 0-10 mm/hrȲ

(b) 10-50 mm/hrȲѿц(c) 50-100 mm/hrᾼ ​ ⇔ вἬ П RRMSE

NMB Ὲ иӁῶ ȴ 

(a)

(b)

(c)
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3. 14֯Х ​ṶԈ Ȳ ὑ2ὑᶻzȟ ὤ ᴷ иᵑѿ֮ ẞ(a) 0-10 mm/hrȲ

(b) 10-50 mm/hrȲѿц(c) 50-100 mm/hrᾼ ​ ⇔ вἬ П RRMSE

NMB Ὲ иӁῶ ȴ 

(a)

(b)

(c)
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3. 15 ֯ Л֝ ​ ₤МἬṿӣᾼQPE֥Ẕ ​ᴷ П ῶ ȴ ȳ ᴥ

иᵑῶӱẃᴞ ᵅצ ⇔цẔ VPR Ӕ ᾼ и ȴ ҅ῶ

ֽῶ2. 3Ἤ ȴ 
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3. 16֯ ​6ѣ1ѡᴟ6ѣ3ѡ(UTC)ד2017 ᾼ(a) 2ὤế(b)VP- 2ὤȲѿц(c) 2ὤȟὤ ế(d)VP- 2ὤȟὤ Ἤῶ ᾼ

ṶԈ ​ иӁếẔ ᵉ Ȳѿц ​ ᵉ (Ӧϱᴟϯ)ȴ ᵉ М ᴥῶӱ ȴ 

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




























































