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ᴖҠ ᾼ ​ᴷ ὑ֢ Ѭѝц ӣꞋ᷊ ᾼṔᴥȴ֯

ứ Ѭᴷ ɎQuantitative Precipitation Estimation,QPEɏϱ ṿӣ ​

ẃה… ᴩᴷ Ȳ ᴖȲ о МỆצᾼ Л֝ṶԈϯ​

иӁ(Drop size distribution)ṿ ​ ắẞה… ạȴ֪ױȲӐׁשṅ ậ иᾎ

ᴩ ​ᴷ Ȳṳ ἏἬ ҏ ​ ה… Ὠ ᴩ и ѩ Ȳ

иᾎὑЛ֝ ₤ Ѭᾼῶ ȴӐׁשṅП иᾎ ϤϮ : ч

Ɏὤ ɏȳ ᴯד Ɏᶮ ɏцѩ ᴯד Ɏὑ ɏȴṿӣRCWFɎSᾌ

◕ɏ RCMDɎCᾌ◕ɏ Ȳиέү ד2017 ​ц Ẓ Ȳ

ὑ ϚṶԈМ ứ8 Ȳиᵑᴕ ȸ1.ϤϮ Ɏὤ ȳᶮ ȳ

ὑ ɏц ṿӣẒ (ὤ ȳᶮ  ) 2. ╥ᵡỆứ 3.ṿӣ Ởц ᵅ

έ⇔ ᴩ иȴ 

иᾎиέ Ὠ ӱȲẒ ᾼ ииέ ῺȲ и и

έ ὨḆҒӂ Ȳ Ϸד юȲѹᶮ ȳὑ ꞋҠ ӔⱢӔ ȷ

֢и ᾼῈ иӁȲѿц Л֝ ​ ⇔ ᴩиέȲꞋҠכẞ֢ и

Ѭ ⇔ẓצϚứד ȴRCWF ὑ иᾎ QPE Ὠ ӱȸ

ϤϮ Ꞌ ὑṿӣẒ ȷ έ⇔ ὑṿӣ Ở έ⇔

ȷ֯ Ệứц Ѡ Ȳὑ ​ ȲỆứ צ ֻᾼ ὨȲ

ᵀὑ Ȳ⁄╥ Л֝ᾌḇ Ṿȴҫҵ֯ ​

ϯȲ ᴩRCWF RCMD ֥ѩ Ȳ Ὠ ӱRCMD ֯ ​ …

ῶה Ȳᵀ ֯ ứϯṿӣ иᾎȲҠ ẞЛ ᾼ Ὠȴ 
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Abstract 

Accurate and reliable Quantitative Precipitation Estimation (QPE) plays 

important role in hydrological and meteorological applications. QPEs are vastly 

derived from radar measurements; however, the inherent noise in radar polarization 

parameters and the variation of drop size distributions (DSD) in different 

precipitation events limit the accuracy. Therefore, this study utilized the variational 

technique to estimate the rainfall rate and compared with the radar-based QPE, to 

evaluate the performance of variational QPE in different precipitation events. 

Three radar observed parameters (differential reflectivity (ὤ ), differential 

phase shift (ɲ  ), and specific differential phase (ὑ  )) of collocated dual-

polarized S- (RCWF) and C-band (RCMD) radars were used. Mei-yu and Typhoon 

cases in 2017 were selected, and eight different experiments were conducted 

according to (1) either used three radar observed parameters (ὤ , ɲ , and ὑ ) 

or two radar parameters (ὤ   and ɲ  ); (2) fixed or changed the observation 

errors; and (3) two different resolutions (raw (R1) and modified-low (R2)). 

The observed radar parameters and variational results showed in good 

agreements. The variational results have the noise reduced and become smoother, 

variational derived ᶮ  and ὑ  are all positive values. Generally, the two cases 

of variational QPE of RCWF showed that using three parameters are better than 

two parameters, and resolution R2 are better than resolution R1. However, for the 

comparison of the fixed and changed observation errors, fixed observation errors 

in Mei-yu case perform better than Typhoon case. Besides, the variational QPE of 

RCWF perform better than RCMD in the Mei-yu case, but for the RCMD, the 

variational QPE are better than the radar-based QPE. 
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Ϛȳ  

1.1  

ẓצ Ὲ έ⇔ᾼ ἤȲ ֥ӣὑМѐ⇔ᾼ

иέȴד ὑ о ᾌ Ȳ о Ҡ

֝ Ѭӂ ₣᾿ᾼ ᾌȲ֪ױ ẞḆֵᾼ Ȳ ὑЄ М

Ѭ Іᾼ₤ Ḇצ ϚḔᾼϠ ȷ​ ד ὑ Ȳ╝

Ὲ ϱᾼ оȲᵀẔ ד ṳ ֥ ᾼ֮ῶ ​ᾭ Ȳ

ὑױ֪ ѩ ϱ Ɫ (true)ȴ 

ү ѻ Ѭẃᴞὑ 5ȳ6ѣԌᾼ ​ủц 7ᴟ 9ѣᾼ ủȳр∟

☼ Ȳ ẃ ѬҵȲ ᾼЄ​ṶԈϷ ẞϢṝׄԓȲṳ ֢ᴩ

כ ҷȲ֪ױ ᴩ ֮ᵓӣ ᴩứ Ѭᴷ (Quantitative 

Precipitation Estimation, QPE)╥ד ᾼȲ ᾼQPEȲṿ╜Ἀ ᴯ

Ӗ цנ ḳ ṮЏᵂȲṳ ᵅḳ ᾼ Ӣȴ 

›Ϣ ṿӣ о Ȳ ᴩ ​ ᾼ ֥ȲӣѿḖ

​ Ȳṳה… ᴩQPEᾼ ȴЛ֝ᾼ ​ Л֝ᾼ֯ה… ​₤ ц

ϯ Ἤה… ᾼ… ἬЛ֝ȲϷצ ắẞ​ иӁ(Drop Size 

Distribution, DSD)ᾼ Ȳ֪ױ Ϛ◕ ϯᾼ ц ​

₤ ᾼ И ẞẓϚứ ⇔ᾼ ​ ȴẂה… ȲֽZ-R :)ה… Á2)

ᾼa b… ȲẔ Л֝ ​Ṇ МᾼDSDἤצ ȲᴖDSDᾼ ἤ

ϭắẞ ​Ṇ ᾼ ᾬ ἤḟứȴ֪ױȲaȳb… ֯ ѬṆ ᾼЛ֝

ṳЛ╥Ệứ Ȳ ᾼDSDἤẃḟứȴ ᵓӣDSD

ẃ∂Ӵ ȲҠה… ẞЛ֝ ​₤ ᾼ… Ȳ ᴖ֯ḕϚ

​ṶԈМȲDSDᾼ ἤắẞ оᾼ ᾬ ḟứȴ 
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Ӑׁשṅӭ Ɫᵛ ᴷ ֯Л֝ ᾬ ᾼa… Ȳᵓӣ иᾎҠ ֥

Ӑẗכ ᾼ Ȳṿӣ о Ɫ ᴕ ṳ ᴩּפ

ḇ ԈȲӣѿḖ ϯDSDᾭ ᾼZ-R :)ה… Á2)Пa… Ȳ

ṳ ᴩ ​ᾼ ȴױѠᾎᾼ ֯ὑЛ Ṽ Ȳṳὑ ᾌḇ

ᾼ ϱ …Л֝ᾼaצ ẃ ПDSDἤȴ 

 

1.2 ѝ ֫  

֯ ​ᴷ ϱȲ ẁѬӂ֫ᾌ ὤ)Ȳ о Ҡ ẞ₣᾿

֫ᾌ(ὤ)ȳ ч (ὤ )ȳ ᴯד (ɲ )ȳѩ ᴯד (ὑ ) Ȳ

ṷ Ȳѿц֮ Ἤ ẞᾼ DSD Ȳ ￼֣

о Ȳ DSD ∟ᾼ о ​ ᴩ ֥

(fitting)Ȳ ẞЛ֝… ֥ҏᾼ ​ Ὑ(ὤ )ȳR(ὑ)ה…  )ȳὙ(ὤȟὤ  )ȳ

Ὑ(ὑ ȟὤ ) )Ȳṿứ Ѭᴷ ḆҒ Ɏ 2017ȷBrandes et al., 2002ȷ

Bringi and Chandrasekar 2001ȷMarshall and Palmer 1948ȷRyzhkov et al., 2005a, 

2005bȷSeliga and Bringi 1976ɏȴ 

Ἇ Hogan(2007)ҏṿӣ иᾎȲ Ӧ Пὤ ȳᶮ ᵂⱢ ᴕ

Ȳӣѿч ֫ᾌц ​ Z)ה… ὥὙ)М… aȲП∟―Ҡ ֫ᾌ

ᴷ ​ȲױѠᾎҠ ӣὑ Ԝ ֯׀ Ȳ ᴩᵒᵑ∟Ҡ Ԝ ц

ѬṆ ᴩ ֫ᾌ ӔȲ Ҡ ṏֻѹ֥ ᾼ ​ иӁȷHuang 

et al.(2018)֝ ᵓӣ иᾎȲṿӣ Пᶮ ᵂⱢ ᴕ Ȳч ​ RȲ

ṳ ӣЛ֝ ᾌ (spline filter)ѿ ᶮ ᾼ Ȳ֯

ѩ ∟ᾼ Ὠ ӱȲ ṿӣ ᾼӂ ֪І(Smoothing factor)ѹᵶצ

￼ ᾼ иᾎẔứ Ѭᴷ Ὠ ​ Ϛ ȴ 

Chang et al.(2014ȷ2016)֝ ṿӣ иᾎȲᵓӣὤ ȳᶮ Ɫ ᴕ

ᴩ ​ᴷ Ȳ Hogan(2007)Л֝ᾼ֮Ѡ֯ὑȲ ֯ᾌḇ ᾌḇ

╥Ҡ ᴩ ᾼȲᴖ Ϛ ᴭ ⇔ ȲẔ Ὠ ӱᴕ Ҡ
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Ҡ ẞ Ṿᾼᴷ Ὠȴ֪ױӐׁשṅѿChang et al.(2014ȷ2016)ׁשṅⱢ

ἉȲ Ҡ ᴩ Ȳṳֵ Ϥὑ Ɫ ᴕ ȲӐׁשṅϷ╥ ṿӣүװ

ᴩ иᾎứ Ѭᴷ ȴ 

 

 ṅѠ֣שׁ 1.3

ӐׁשṅṿӣМҶ ᶝ RCWF(Sᾌ◕)ц RCMD(Cᾌ◕) Ȳ ὑ

Пד2017 ​ Ȳ ֯ ᴩ ₇ ∟ȲὍϤ иᾎМ

ᴩ Ȳ֯ ҅∟Ȳ ӣ Ṿоᾼ Ὠ ᴩ ​ᴷ ȷҫҵṿӣҳ

ה… ᴩ ​ᴷ Ȳ… іӣᴞ ṅȲẔṿӣМҶЄשׁד2017 

2DVD​ T-matrix (Vivekanandan J. et al.,1991) ∟

​ R ᴩ֫ Ἤ ȴ иᾎ ᴷה… ​ Ꞌ ​

ᴩѩ и ȴ 
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ϡȳ иᾎ 

2.1 Ѡᾎ  

Â כӐẗ ɎCost function ɏ 

Ӑẗכ ӣὑ ᴩ иᾎᾼ Ṿо Ȳе2.1.3~2.1.1הֽהἬӱȸ 

ὐ ὐ ὐ (2.1.1) 

ὐὼ ώ Ὄὼ ╞ ώ Ὄὼ   (2.1.2) 

ὐὼ ὼ ὼ ║ ὼ ὼ   (2.1.3) 

Ӧ2.1.1הҠכẞכӐẗ ӦẒ иἬ ȲиⱢכ  ὐ (2.1.2ה)ц

￼  ὐ (2.1.3ה)иȲὼⱢᾭ ֣ ȲώⱢ ֣ Ȳᾭ ֣ ὼ ›֣

₤Ὄ(forward modelȲὑ 2.2Ю )ȲҠч ҏ ὑ ֣ ώП

Ȳṳ ᴩ ȷ╞ȳ║Ɫ ц￼ ᾼ Ԛ Ȳὼ Ɫ￼

ȴ 

Ӑẗככ ᾼ ὐ ц ὐ ꞋⱢᾭ ֣ ὼᾼẗ Ȳᴖ иᾎᾼӭᾼⱢ᷄

ҏ ⌂ ᾼᾭ ֣ ὼȲṿכӐẗ  ὐ ЊоȲ֯ ᴩ Ȳ ю ὑ

―װ ҏὼ֣ Ȳ֪ױ ҅ ẃḆ ᾭ ֣ ὼȴӦὑ›֣

₤ὌⱢ‍ ἤ І(operator)Ȳ֯ױṿӣ -ѳ ᾎ ᴩ ɎRodgers 2000ȷ

Hogan 2007ȷChang et al. 2014, 2016ɏȲ Ὄὼ Ɫ2.1.4הПᶮהȲϯ

kⱢ ᴩ ҅ᾼװ ȷὑ ‬Ὄὼ Ⱦ‬ὼȲⱢч Ὄὼ ᾭ ֣ ὼ ᴩ

ᾌḇ ϱᾼ иȲ֝ Ϸ҅ῶч ᾭ ֣ ὼᾼ ⇔ῶ ȴ 

Ὄὼ Ὄὼ ὑὼ ὼ    (2.1.4) 

 

ה2.1.1 ώ‏Ȳṳ҆ה2.1.4~2.1.2֥ ώ Ὄὼȳ‏ὼ ὼ ὼȲ

∟ҠῶӱⱢ2.1.5הȸ 
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ὐὼ
ρ

ς
ὼὙ‏ώὑ‏  ὼ‏ώὑ‏

ὼὼ‏                ὼ ║ ὼὼ‏ ὼ   (2.1.5) 

ϯϚḔ―Ҡ Ӑẗכ  ὐ ЊоȲḖậ ὼ⇔Ɫ‏ 0ᾼ Ȳ֪ױ֯ױ

ה2.1.5 ᴩ‏ὼ иȲ Ȳṳה2.1.6 ה2.1.6 ᴩ ∟Ҡ  ȸה2.1.7

ὑὙ ώ ὑ‏ὼ ὄ ὼὼ‏ ὼ π   (2.1.6) 

ὼ‏ ὃ ὑ╞ ║ώ‏ ὼ ὼ     (2.1.7) 

ẔМȲ 

ὃ ὑ╞ ὑ ║     (2.1.8) 

―Ҡ ḆהὼȲц2.1.9‏ ϯϚװᾼᾭ (ὼ  

 

ὼ ὼ  ὼ   (2.1.9)‏

           

Â ᾭ ֣ ὼ ֣ ώ 

ṿӣ иѠᾎ›ȲӇ ḟứ ṿӣ ṷ ẃ ​ȴMarshall and 

Palmer(1948) ṿӣ ​ ὤה… ὥὙẃ ᾭ ​ ֫ᾌὤάά ά

​ 2άά Ὤὶ П ᾼ …Ȳ… aȳbиᵑⱢ200ц1.6ȲⱢỆứ ȷ

֯Steiner and Smith (2000)цSteiner et al.(2004)ᾼׁשṅМ ӱȲaȳb… ֪

​ṶԈDSDᾼЛ֝ᴖצἬ оȲẔ ἤѻ ẃᴞὑ… aȷ֪ױ Ṽ֮

ц ѬṶԈᾼЛ֝Ȳ᷄ẞ ֥ װ ​DSDоᾼ… a bȴ 

֯ ἏׁשṅМ ӱȲ… a ╓ … bדѩḆⱢ (Bringi and 

Chandrasekar 2001; Hogan 2007)ȷFurness (2005)ᾼׁשṅМϷῶӱȲ a…

оᴖỆứb… Ȳ aȳb… Ꞌ ᴩ оȲẔ ​ 5%ᾼצ ȴ 

ӐׁשṅМṿӣ иᾎȲ… aҠ Л֝ ​ṶԈП DSD ᴩ Ȳѹ

֯ ᾌḇ ꞋẓצЛ֝ᾼ Ȳ֪ױ ậ… a Ϥᾭ ֣ x(ה

2.1.10)Ȳ… bⱢỆứ 1.5Ȳҫҵṿӣ ὤ ȳᶮ цὑ כ ֣
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y(2.1.11ה)ȴ 

 

ὼ ể   (2.1.10) 

 

ώ

ở

Ở
Ở
Ở
Ở
Ở
Ở
ờ

ὤ ȟ

ể
ὤ ȟ

‰ ȟ

ể
‰ ȟ

ὑ ȟ

ể
ὑ ȟỢ

ỡ
ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

  (2.1.11) 

 

nⱢᾌḇϱᾼצ Ȳ֯ ᴩ и Ȳḕ ᾌḇꞋ ӢϚ ᾭ

֣ x ֣ yȴᾭ ֣ xậᴞ ╥ ’… aЛ ҏ (Л

֥ᾬ )ȴ 

Ӑẗכױ֪ ҠḂ Ɫ2.1.12הȸ 

ςὐ В ȟ ȟ ȟ ᶮ ȟ ȟ ȟ В   (2.1.12)  

ẔМὤ ȟȳ‰ ȟȳὑ ȟⱢ ȲὼⱢᾭ ֣ Ȳϯ i Ɫ Ϛ

ᾌḇ ᴯ Ȳὤ ȟȳɲ ȟȳὑ ȟⱢᾭ ֣ ›֣ ₤ч ∟ᾼ ȷ

„ ȳ„ ȳ„ Ɫ Ȳ„ Ɫ￼ ȴ     

 

ḕϚװḆ ᾭ ֣ x(ה 2.1.9)Ȳ ҏ ᾼכӐẗ Ȳ ☼ױ

᾿ẞכӐẗ ЊоȲױ ᾭ ֣ x⁄Ɫ Ṿо ὨȲ ―Ҡṿӣᾭ

֣ xП… aȲ Z-R Ḗה… ​ ȴ 

Â ￼ ȳῴỞ  

ẔМ￼ цῴỞ Ҡẃᴞὑ ȳ ϚԊṔ Ἤ Пӂ

ᶁ ἤ Ἠ ϚᾌḇἬ ҏᾼ Ȳ֯ Ѭ Ȳ֪Ѭ Ɫ ᶮṿὤ

Ὼὑ0Ȳᶮ цὑ Ϸ ᾎ ẁṜ ᾼ Ȳױ ￼ ―Ҡ ẁ ẁẔ
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ṿӣ(Hogan 2007)ȴӐׁשṅМⱢ∟ Ȳ̓͂ṿӣDiscreated method (Chang et al. 2014, 

2016ɏ Ϛᾌḇϯᾼ Ȳ2.1.132.1.14הиᵑ ϚᾌḇϯȲṿ

ӣЛ֝a Ȳ֯ ᾌḇ ϱ ›֣ чה ҏᾼ Ȳṳ ὤȳ

ᶮ ȸtotal_err_ὤ ȳtotal_err_ᶮ Ȳиᵑậ Њ ϯᾼa Ȳ

ױ ―Ɫ ֥ὤ ȳᶮ Ἤẓᾼa Ȳ Ẓ῏a ∟Ғד

ậӂᶁ ẞ￼ Ȳᴖ ϚᾌϯꞋⱢ֝ ȴ 

 

total_err_ὤ =В ὤ  Ὥ-ὤ Ὥ (2.1.13) 

total_err_ᶮ =В ᶮ  Ὥ-ɲ Ὥ  (2.1.14) 

 

ῴỞ ֝ ṿӣױѠᾎȲ֪ױ ϚᾌḇϷⱢ֝ד Ȳ › еה

2.1.1~2.1.3Ҡ῀ȲכӐẗ Ϛװ ᴩ Ȳ ᴕ (ὐ)Ȳᴖ∟

҅ Ȳ Ḕ᷄ҏ ֥ ᾌḇц ϯ ṾПa Ȳ ᴩ ​ᴷ ȴ 

 

2.2 ›֣ ₤ (forward table) 

֯ ϱȲ›֣ ₤ ӣὑ ה Ɫ ȲṳҠӣὑ

ѩ ȴ֯ӐׁשṅМṿӣὤȾὙⱢ ἉȲ ҏὤ ȳὑ ȳὃ (one-way specific 

attenuation at horizontal polarization;dB/km)цὃ  (one-way specific differential 

attenuation; dB/km)… ȴ 

›֣ ₤ ὑT-Matrix цgamma DSDἬ∂ӴȲ֯ ứ ⇔ȳ ᾌᾌ

 ȳ​ ѩ ϯȲҠ ҏ‍ ᶮ ᾼ ȴ 

Gamma DSDֽהϯȸ 

.$ .ὈÅØÐ σȢφχ‘ ὈȾὈ   (2.2.1) 

 

​МȲὈⱢ(2.2.1)ה (mm)ȲὈⱢМ ᾿ (median volume 

diameterȷmm)ȲὔⱢ (intercept parameterȷÍÍ ά )Ȳ‘Ɫᶮᾭ

(shape parameterȷ  ȴ(װ֪
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ứ ⇔Ɫ 20ᴈȲᾌ Ɫ10cmц5cm(Sᾌ◕ Cᾌ◕)Ȳ​

ѩṿӣAndsager et al.(1999)цGoddard et al.(1995)ᾼ ȷⱢᴕ Л֝ ​

₤ ᾼ оȲὈ Ɫ 0.1~6.0mmȲÌÏÇὔ Ɫ

1.0~16.0 ÍÍ Í Ȳ‘⁄ỆứⱢ5 (Hogan 2007ȷChang et al. 2014, 2016)ȴ

֯ӐשׁװṅМч ὨⱢ Ԝ ⇔(freezing level)ѿϯȲ֪ױṳЛᴕ ֽ​

֥ȳ​Ԝ ֥ ᾭᾓȴ 

֯ṿӣѿϱ ∟ȲѠҠ∂Ӵ›֣ ₤ȴ 2.2.1ц2.2.2иᵑⱢS C

ᾌ◕ҳ ᾼ›֣ ₤ȴx ꞋⱢὤȾὙ(ÍÍά Ὤ)Ȳy Ɫҳ ȴ

ṿӣᾭ ֣ xПῴỞ a ֫ᾌὤȲ҅Ϥ Z-R Ҡ―ה… ὤȾὙȲὑ

╥Ҡ ›֣ ₤ ẞᾌḇМḕ◕ᾼ Ah(dB/km)Ȳᾘᾌḇ ᴩ и∟―

ҏ Ȳṳӣѿ ᴩὤ ӔȴϯϚḔṿӣױ Ӕ∟ᾼὤȲ

ԛװ ›֣ ₤ ὤ ȳὑ ȳὃ ȴ ὤ ל ὃ ∟⁄Ҡ ҏ

ὤ ȲṳҠӣὑ ὤ ᴩѩ ȷᶮ ⁄Ӧὑ ᾘᾌḇ иᴖ ȴ 

 

2.3 ￼  

ц￼ Ӑẗכ֯ М᷊ ‍ ᾼṔᴥȲӣѿ ạ

￼ ᾼ ȴ (ʎ ȳʎɲ ȳʎ ) Ȳ҅ῶ

ЄȲ⁄ậ ד ЊȲ￼ ― ЄȲчПӼ ȴ֪ױ

∂Ӵṏֻѹ֥ ᾼ Ѡ Ȳѿ ẞ֥ ᾼ Ὠȴ 

ἏHogan(2007)ṿӣỆứᾼ ȲẔ ẃᴞὑ (Bringi and 

Chandrasekar et al. 2001; Melnikov 2004)ȷ￼ ṿӣ​ ϯᾼ

Ɫa… ᴖẃȴT ḕ ​ṶԈꞋצ ὑṶԈӐṝᾼDSD

ἤ оȲὑ ϱ֯ Ὲ ϷẓЛ ứἤȲ֪ױ ӣ Ϛ Л֝

​ṶԈӐṝṳЛӔ ȲӐׁשṅᾘӣChang et al.(2014, 2016)ᾎȲиᵑ

ҏ ϚᾌḇП ￼ Ȳӣѿ ᴩ иᾎᾼ  ḇȴפּ
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Â  

ӣ Desroziers et al.(2005) ҏᾼ Diagnostic methodȲ Ἇ

Chang et al.(2014, 2016)Б ὑׁשṅМ ᴩ ȲױѠᾎҠ ֥ ȳ￼

циέ ᾼ ҟ ϚṶԈ( )Ἤẓצ ȴеֽהϯȸ 

Ὠ ὣ Ὄὢ ‐ Ὄ‐   (2.3.1) 

Ὠ ὣ Ὄὢ ‐ Ὄ‐   (2.3.2) 

Ὠ Ɫ ￼ П ᾼ ȲὨ ⁄Ɫ иέ ᾼ Ȳ‐ ȳ‐ ȳ‐

иᵑⱢ ȳиέ ￼ ȲὌ‐ цὌ‐ Ɫ￼ иέ

ч Ɫ ∟ᾼ ȴ Ѡᾎ ϱ Ὠ ȳὨ Ẕד П

ה)֝ד 2.3.1ȳה 2.3.2) ȲӦὑ‐ ȳὌ‐ цὌ‐ ȲϮ῏ἒױ

ФⱢ ( unbias) ד ( uncorrelated )Ȳ֪ױҠ ה 2.3.3ȲʎⱢἬ

Ḗ П  

„ Ὁ Ὠ Ὠ ḙὉ ‐     (2.3.3) 

 

Â ￼     

Ɫ ҏ ֥ṶԈϯᾼ￼ Ȳṿӣ Ὼᾎ(discrete 

approximation method) (Chang et al. 2014, 2016))Ȳ ứʎ Ӧ0.1~1.1Ȳ

0.1ȴ2.3.4הЛ֝ʎ ϯὐ ᾼ ȲכӐẗ ὑ ҅ ṿӣ

ʎ ϯϚװᾭ ֣ xȲ ᷄ҏὐ Њϯᾼʎ Ɫ￼ ȴ

֯ ЛṾἨ›֣ ה ᾎ҅ῶ ứ DSD ἤ Ȳ￼ Ҡ ᴩ

Ȳṳᵓӣ￼ ᴩ Ȳ Ɫ֥ Ὠȴ 

 

ὐ В ȟ ȟ ȟ ᶮ ȟ ȟ ȟ
    (2.3.4) 
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2.4  

ἏHogan(2007)Chang et al.(2014,2016)ὑׁשṅМ ṿӣὤ ȳᶮ Ẓ

ȲӐׁשṅ Ἃ ẔἬṿӣᾼ ҵȲҫҵҒϤ ὑ ȴ Ϥ

Ҡṿ иᾎМᾼ ḆⱢ Ȳ ϱҠ ᴩḆҒ ᾼ ​ᴷ Ȳᵀ

ϱ֪ Ғ Ȳ Ϸ ҒЄȲҠ ᾭ x ᴩ ҅Ḇ

Л ứȲ֝ ϷҠ  ȴ֯ױ ṿӣϮ ὤ ȳᶮ

цὑ ṿӣẒ ὤ ȳᶮ Ȳѿ ᴷ Ϥὑ ∟Ἤ ᾼכ ȴ 

֯ 2.3 ᾼ ѠהȲ ἏHogan(2007)ȳHuang et 

al.(2018)ꞋṿӣỆứ ᴩ иᾼ Ȳᵀ ϱᾌḇ ᾌḇ Ȳꜙ

ᴟὑ ϱȲ Л ȲᴖChang et al.(2014, 2016)Ꞌὑѝ֝ד М ᴩ

ᾼ ȲӐׁשṅἋ ẔѠᾎȲ ᴩ Ệứ П ȴ 

ҫҵӐׁשṅ ṿӣЛ֝ έ⇔ᾼ ᴩ иȲṿӣ έ⇔ Ҡ

ѿ ẞ Ɫ ᾼṆ оӣѿ ​Ȳᵀ ᴩ и ᾼ Ϸ ЄȲҠ

֪ Єᴖ Л ứȲ Ϸ  ȷ έ⇔

צ╥⁄ ӂ ᾼ ὨȲ ậ ὍϤ Ȳ֪ ЊȲ ד ȴʉ 

ṅМשׁױ֪ Ϯצ ạ ȲԚ8 ȸ1.ṿӣϮ ὤ ȳᶮ

цὑ (Var_ὤ _ɲ _ὑ ) ṿӣẒ ὤ ȳᶮ (Var_ὤ _ɲ ) 2.

(Change_Obs_err) Ệứ (Fix_Obs_err) 3.ṿӣ צ έ⇔(R1) 

ᵅ έ⇔(R2)ȴ 

 

Â Var_ὤ _ɲ _ὑ  vs. Var_ὤ _ɲ  

ṿӣẒ ((Var_ὤ _ɲ ))ȲכӐẗ  2.4.1Ἤӱȸהֽ

 

ςὐ В ȟ ȟ ȟ ᶮ ȟ В     (2.4.1) 
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ϤϮ (Var_ὤ  _ɲ  _ὑ  )ПכӐẗ ȲὑԒ› Б ẞ

ה) 2.1.8)Ȳ֯ӐׁשṅМὑ ᶮ ᴖẃ(ὑ
ᶮ
)ȲẒ῏ Ɫד ᾼ

Ȳᵀ֯ иᾎМ ᴩ Ȳὑ ᴿὑὤ ȲⱢ ᾼ ѩ Ȳ

ᴖᶮ Ɫᾌḇ и Ȳ ѬṆ Ғᴖ ϱсȲ֯ṿӣ ᴕ

› ᾼ Ғ Ẕ ᾼכ Ȳ֪ױ ᵶᾼ ṷЛ֝ȴᴖצ╥

Ϥὑ ᵡ֝ Ϸ иᾎ ᾼЄЊȲ֯ ᶦױ ױ Ȳ

ѿ ᴷҒϤὑ Ἤ ᾼכ ȴ 

 

Â Change_Obs_err vs. Fix_Obs_err 

Ḃ (Change_Obs_err)⁄ 2.3ἬЮ ᾼDiagnostic 

methodᴩ ה) 2.3.1~2.3.3)Ȳḕ ᾌḇꞋ ᾌḇϱᾼ

ȲᴖЛ֝ᾌḇ ӑᴕ ד ἤȲἒױṳ Ȳ ҏᾼ

ӣὑּפḇ ￼ ᾼ ȷỆứ (Fix_Obs_err)⁄ὑ

ḕ ᾌḇϱꞋ Ệứ ȸʎ πȢσȳʎɲ σȢπȳʎ πȢσȲẔ ᴕ

Hogan(2007)ׁשṅἬṿӣ (ʎ πȢςȳʎɲ σȢπ)Ȳ Њ ᴖẃȴ 

Â R1 vs. R2 

R1 Ɫṿӣ Ở έ⇔ ȲR2 Ɫ R1 1 ậ

Ȳ֪ױὑ иᾎ ᴩ ȲR2Ἤ ᾼ ЄЊⱢR1ᾼϚҙȲ᾿ẞ

ẞ Ṿоᾼᾭ ֣ ∟Ȳ ᾭ ֣ Ɫ Ở έ⇔Ȳ ᴩ

Ѭᴷ ȴ 

 

2.5 Л֥ ᾼ и Ὠ  

ֵ֪ Ꞌ и Ὠֻ Ȳֽȸ ᴩ и ᶮ ᾘᾌḇ

ᴩ иȲᵀ ắ֮ᶮ  Ȳ―Ҡ ᶮ ȴҫҵȲӐׁשṅṿӣᾼ›

֣ ₤ ᴕ Ѭϯ ᾼ оȲᵀ МṆ вҠ ԜѬצ ד ӢȲ
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Ӑẗכ ѿן ȴ ϱ ᾼ ᶮ Ӣ Ȳ Ҡ

ẃ ᵅצ ᾼ ȲᵀЬҠ Л Ȳ

ṿӣ ᾼ ᴩכӐẗ ȴ ֯ӑ ϯȲ―ṿӣ ṷṳЛӔ

ᾼ иᾌḇ Ὠ ᴩứ ​ᴷ ȲϷҠ ẃ Єᾼ Ȳ֪ױױЊ

›֣ ₤Ἤ ᾼ о ὤ ȳᶮ ȳὑ Ȳ

ᾼὤ ȳᶮ ȳὑ П ᾼ Ȳẃ᷄ҏצ ᾼч ὨȲ ЛӔ ᾼ

ᾌḇ ᴩ ṳ ȴ 

 

Â    

иᵑṿӣЛ֝ױ֯ ᴩϮ Ɏὤ ȳᶮ ȳὑ ɏ ᵑ 

ȸ ֢ ὑЛ֝ᾌḇц ϱȲ и ὨṼ ᴩ

Ȳṳ Ἤצ ϯᾌḇ ϱ ἤȴֽ 2.5.1~ 2.5.3  ȸהἬה

 

ὤ ȟ ὨὭὪὪὩὶὩὲὧὩὤ ȟ ὤ ȟ Ɏ2.5.1ɏ 

ᶮ ȟ ὨὭὪὪὩὶὩὲὧὩᶮ ȟ ᶮ ȟ Ɏ2.5.2ɏ 

ὑ ȟ ὨὭὪὪὩὶὩὲὧὩὑ ȟ ὑ ȟ Ɏ2.5.3ɏ 

ẔМ iⱢᾌḇ ᴯ Ȳὤ ȳᶮ ȳὑ Ɫ и Ὠ ›֣ ₤Ἤ ҏ

ᾼ о Ȳὤ ȳᶮ ȳὑ Ɫ ȴ 

Ἤצ Ԓ ὑЛ֥ ᾼ (ὤ ȟ ὨὭὪὪὩὶὩὲὧὩρπɎdBɏȳ

ᶮ ȟ ὨὭὪὪὩὶὩὲὧὩυπɎЈɏȳὑ ȟ ὨὭὪὪὩὶὩὲὧὩρπɎЈȾËÍɏȲṳӦЊẞЄ

ᴩ ԝȲӦὑậ95% ὑ Ȳ ậ90% ᵂⱢ֢

  ȴ֯RCWF ​ МȲ ậᾼὤ ȳᶮ ȳὑ   иᵑⱢ

1.323ɎdBɏȳ8.996ɎЈɏȳ1.79ɎЈȾËÍɏȷᴖ֯ ֢   ⁄╥1.139

ɎdBɏȳ7.903ɎЈɏȳ1.56ɎЈȾËÍɏȴ 

2.5.1ҿҙ ⱢRCWF ֢ ὑ ​ ϯᾼ ὨȲҢ



13 

 

ҙ ⁄Ɫ ϯ ὨȲ ᶄ Ɫ и Ὠὑᾌḇ ϱ

П Ȳ Ɫ Ȳᴖ Л֝ᴍиѩ Ἤ ҏᾼ  Ȳ

ױ֯ ӱ Ӧ85%ᴟ95%Ȳѿḕ5%ⱢϚ ȴ 

 

Â ᾌḇ  

ứЛ֝ ᾌ◕ϯ֢   ∟ȲϯϚḔ―╥ḟứᴶ и Ὠ

ϯЛֻᾼᾌḇȲ֯ױ ᴩϮḔ ᾼᾌḇ ȸ 

1. Ϛᾌḇȳ֢ иᵑ ᴩ ȸ и Ὠ ЄὑẔ  

Ȳ⁄ Ɫч ὨЛֻᾼ Ȳֽ2.5.6~2.5.4הἬӱȸ 

 

ὤ ᾦὥᾨὴέὭὲὸί : ὤ ȟ ὤ ȟ ὤ     Ɏ2.5.4ɏ 

ᶮ ᾦὥᾨὴέὭὲὸί : ɲ ȟ ᶮ ȟ ᶮ     Ɏ2.5.5ɏ 

ὑ ᾦὥᾨὴέὭὲὸί : ὑ ȟ ὑ ȟ ὑ     Ɏ2.5.6ɏ 

 

2. ϚᾌḇϯПצ Ȳ Ϯ МԉϚ ч ὨЛֻᾼ

Ẕᾌḇϯצ П20%Ȳ⁄ᵒ ⱢЛֻᾼᾌḇṳ ᴩ ȴ 

 

3.  Ɫ’ иᾎᾼ ἤȲ֯ױ ậ ᾌḇП￼ Ἤ ҏᾼ ​ ȴ 
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Ϯȳ Ѡ ​ᴷ  

3.1 ӣ  

ӐׁשṅṿӣẒ ȸRCWFцRCMDȲẒ ꞋⱢМҶ ᶝᶝ

ȴRCWF ⱢWSR-88DϬ ȲⱢ ⇔Sᾌ◕Ɏᾌ ȸ

10cmɏ о Ϭ Ṇ Ȳ έ⇔ּפⱢ6ᴟ7и Ȳ ֣ϱῈ

έ⇔Ɫ250еѐȷRCMD ⁄ⱢCᾌ◕Ɏᾌ ȸ5cmɏ о Ϭ

Ṇ Ȳ έ⇔Ɫ8ᴟ9и Ϛ Ȳ ֣ϱῈ έ⇔Ɫ

500еѐȴẒ ᶄ ὑХиЍϱȲRCWF ⇔Ɫ121.77ïEȳ25.07ï

NȲᴯ Ɫ 766mȲᴖRCMDפּ⇔ ֯Ѭӂ ϱ RCWF ד

45еѐȲפּ Ἰ ⇔ ד 12еѐȲ֪Ẕפּ ⇔ … Лὔắ֮ ᾌц

֮ᶮ Ȳ ϱ Ɫ ȲϭẔ Ϛ Ȳ֪ױẒЛ֝ᾌ◕

Ҡ ᴩԚ (Co-site)ȲҠ֝ ֝Ϛ Ѭӭ ᾬ ᴩ Ȳ ẁḆ

ⅎ ᾼ ᵑ ἤцẔ ד ѩ ȴ 

ᴩứ Ѭᴷ ∟ᾼ ӣ ᶝᶝ ᴞ ​ Ȳ​

ậ Ɫȸѿ ⱢМї 100kmвἬ ᾼ​ ȴ ᾼῈ иӁֽ

3.1Ἤӱȴ​ έ⇔ⱢḕЊ Ϛ Ȳ ֥ ​

Ȳ ѿЊ ᴩи ῶ ᾼ ȴ 

 

3.2 ₇  

Ɫ ᵍ ֫ᾌ ắ‍Ѭד Іȳ֮ ȳṆ ἤ Ȳ

Ԓ ᴩ₇ ȴ‍Ѭד І Ԓṿӣʍ πȢψⱢ  Ȳ

ᵅὑױ ᾼ ᴩ Ȳ ױ ‍ (  2017)ȷ֪

RCWF Ӑṝᾼᶮ Б Ȳ֪ױЛӣ ᴩҟ Ȳᵀ ל ᶮ

φυЈȲṿᶮ ὑῴỞᾌḇ ϱӦπЈỞȲṳ ᴩӂ ∟ṿӣМї иᾎ(Central 
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Difference)ᴷ ὑ Ȳױὑ ԛ Х ӂ ∟Иᶙכ 2005ȳ נּ)  2017)ȴ

иᾎᾼῴḔ ẞױ ◕ᵛҠ ḇȲᴖ֯ ᴩ иᾎ Ȳ ԛϚװ

ᴩϯԝ ȸὤ ρπÄ":Ȳὤ ρπὨὄȲ ⇔ 3.5km(’ὑ Ԝ

⇔ѿϯ)ȴ 

Ӧὑ иᾎᴷ ​ᾼ ᶧМБᴕ ὤцὤ ц ᾼ ӔȲ֪

ױ Л ᴩ Ӕȴᵀ ṿӣ ה… ᴩ ​ᴷ ⁄

ᴩ ӔȲ Ӕ ᶧⱢȸ 

 

ṿӣPIA (Path-Integrated Attenuation)ᴩ Ӕ(Bringi et al., 1990)ȸ 

 

ὃ ‌ Ўɲ  (3.2.1) 

ὃ ‍ Ўɲ  (3.2.2) 

 

ὑ RCWF Ẕ‌ц‍… иᵑⱢ 0.0154ц 0.0025ȴὃȳὃ ᴯꞋⱢ

dBȷЎɲ ⱢЈ (⇔)ȴṿӣᶮ Ȳṳ ᴩ ӔȲ ὤ ה)  

3.2.3)ȸ 

 

ὤ ὤ ὃ (3.2.3) 

 

ὤ ὤ Ҡ Ӧᴞ♅ἤᾎ(Self-consistency)ᴩ ӔȲҠ ὤ

3.2.4ה ᾼὑ Ȳᴖ∟ᾘᾌḇ и֫Ўɲ ȲṳӦ3.2.6ὤ ȴ 

 

ὑ ὥὤ    (3.2.4) 

 

ὤ Ὠὄ ρπÌÏÇὤ ρπÌÏÇὤ      (3.2.5) 

ρπ ÌÏÇ
Ўɲ

Ўɲ
        (3.2.6) 

 

…ױ֯ a b֯ RCWF Ɫ0.0000512ц0.8803Ȳ: ᴯⱢÍÍά ȴ 

 

ὤ ṿӣ 9 ӂ ẃ ᾼ ( 2016)ȴ ₇ ∟ᾼ
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Ҡӣẃ ᴩ ứה… Ѭᴷ ᾼ ȴ 

 

ה… 3.3 ​ᴷ  

3.2П ∟Ȳṿӣҳ ֫ ה… ᴩ Ѡ ​

ᴷ ȲиᵑⱢ еהὙ(ὤ)ȳR(ὑ ) еהὙ(ὤȟὤ )ȳὙ(ὑ ȟὤ )ȴ 

ҳ  ϯἬӱȸֽה…

2 Áὤ  

2 Ã+ 

2 Ã::  

2 Ã+:  

ᴯиᵑⱢȸὤ(ÍÍά )ȳ ὤ Ὠὄȳὑ ЈȾὯάȳR(mm/h)ȴa~e… ԝ

ὑῶ3.3.1ɎSᾌ◕ɏцῶ3.3.2ɎCᾌ◕ɏȲױ… ṿӣМҶЄ 2DVD​

T-matrix (Vivekanandan J. et al., 1991) ∟ ​ R ᴩ

֫ Ἤ (  2017)ȴ 

R(ὑ ) Ɫה… Њὑ ֯Њ​ ᵅ ⇔ᾼ Ȳ ὤ συὨὄὤ

ὑ πȢυЈȾὯά ȲṿӣὙ(ὤ) ậ҅ПȷὙ(ὤȟὤה… ) МȲה… ὤ

πȢπρὨὄȲϷ ṿӣὙ(ὤ) ậ҅ȷὙ(ὑה… ȟὤ )⁄ ֥ὤ συὨὄὤȳ

ὑ πȢυЈȾὯάцὤ πȢπρὨὄȲὑ Ѭ Ϸ֝ ṿӣὙ(ὤ)  ậ҅ȴה…

 

3.4 ᴷѠᾎ 

3.3Њ Ϡṿӣҳ ה… ᴩ Ѭᴷ ȲẔ έ⇔

ȲRCWF Ɫ7ᴟ8иפּ Ϛ ȷ иᾎṿӣ֝Ϛ Ở

Ȳ֪ױ έ⇔Ӽ֝Ȳᴖ∟ ᴷה… ​ иᴷ ​

ꞋӦ в ᴟқѫ ϱȲṳѿ֮ ​ Ἤ֯ᴯ ⱢМї֣ҵ1еṭ
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вצ ᴷ ​ ᴩӂᶁɎ  2017ɏȴ֪ ֮ ​ ⱢЊ ​ Ȳ

ױ֪ ᴷה… П ​ иᾎᴷ ​ Ꞌ ᴩЊ в Ғ

ṳӂᶁȲᵂⱢЊ в҅ῶП ​ ȴ ϱ ᶙ ∟Ȳ―Ҡ ֮ ​

ᴩѩ ȴ 

иᵑױ֯ ᶁѠ (RMSE)ȳד ᶁѠ (RRMSE)ȳ о

(NB)цד … (CC)ӣѿѩ иέȴеֽהϯἬӱȸ 

2-3% В Ὑ Ὑ Ⱦὔ  (3.4.1) 

22-3%
В Ⱦ

В Ⱦ
      (3.4.2) 

."                   (3.4.3) 

##
ȟ
              (3.4.4) 

ὙῶӱⱢ иᾎἨ Ѡ П ​ᴷ ȷὙⱢ֮ ȷὙ ὙⱢ

Ὑ Ὑᾼӂᶁ ȷ„ „ⱢὙ Ὑᾼ Ȳ ᴯꞋⱢmmȴRMSEᴯⱢ

mm/hȲRRMSEȳNBȳCC ᴯȴ 

 

ה… 3.5 ​ᴷ ὑЛ֝ԊṔ Ὠѩ  

Â ​  

ѩױ֯ 0.5ЈԊṔ 1.5ЈԊṔ ​ῶ ȴ 3.5.1ц3.5.2иᵑ ӱ ​

0.5ЈԊṔ 1.5ЈԊṔҳ ​ ȸὙ(ὤ)ȳὙ(ὤȟὤה… ) ȳR(ὑ )ȳ

Ὑ(ὑ ȟὤ ) ​ ᾼ ᵉ Ȳ ᶄ Ɫ​ Ἤ ​ Ȳ ᶄ

Ɫҳ Ἤה… ​ᴷ ȲRMSEȳRRMSEȳNBȳCCҳ и ӱ

֯ ᾼҿϱṔ иȴ 
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ὑ и ẃ ȸK1.5ЈԊṔ ὑ0.5ЈԊṔȲד … Ҡ ẞ0.95ѿϱȲ

ṳѹRMSEꞋᵅὑ5.3mm/hѿϯȲ֯RRMSEϱẔ ϷẓצЛ ᾼῶ ȷ

֯NB ϱẒ ԊṔꞋⱢ Ȳ ӱ ​ᴷ ᵅᴷὑ​ ᾼ ȴᴖ

ẔМЛ ╥1.5ЈԊṔἨ0.5ЈԊṔȲꞋѿὙ(ὤȟὤ ) ῶה… Ɫ Ṿȴ 

Â  

3.5.33.5.4֝ ѩ 0.5ЈԊṔ 1.5ЈԊṔὑ ​֢и ῶ

ȴ 1.5ЈԊṔЬ ὑ 0.5ЈԊṔȲᴖҳ и Ꞌ ​ 1.5ЈԊṔ

ῶ ẃᾼ Ϛ Ȳד … 0.95Ɏ ​ɏ ᴟ 0.75ҿҢȲᵀ RMSEЬ֯

5~6mm/hȲ֯RRMSEϱ Ɫс ȴὑ ​ МȲὙ(ὤȟὤ ) ῶה…

Ɫ ṾȲᵀὑ Ȳ⁄ѿὙ(ὤ)ȳ2ὑ ῶה… Ṿȴ 

Â Њ  

Л ὑ ​ц ϯȲꞋѿ1.5ЈԊṔῶ Ὠ ṾȲׁשᵒҠ ╥Ӧ

ὑԊṔ ⇔ ȲЛὔắ֮ ᾌ ȴ֪ ὑױ ҳ ȲꞋṿӣ1.5Ј

ԊṔ ᴩ цה… иᾎᴷ ​ᾼ и ѩ ȴ 
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ҳȳ иᾎ Ѡ ​ᴷ иέ ѩ  

ױ ὑ ᾼד2017 ​ц Ȳ ᴩ цה… иᾎ

ᴷ ​Пѩ ȴ Ԓ ᴩ Ю ∟Ȳ ᴩ8 (2.4Њ )П и

ѩ Ȳṳ╚ ҏẒ ϯῶ ֻП ᴩḆ ϚḔᾼиέȴ 

4.1 Ю  

ד2017 6ѣ1ѡ 0000UTCȲ ​ ὑү ᴫҖѠ ∂ӴȲṳ

Ḕ⁮ Ȳ6ѣ1ѡ1600UTCỞ Ϥү Җ ȲẔ∟  10Њ П 

Ἃ ​ ү Җ ẃ ѬȲṳṿ֢֮ Ӣ ḳ ȴ֪ױӐׁשṅ

6ѣ 1ѡ 1600UTCᴟ 6ѣ 2ѡ 1600UTCԚ 24Њ Ѭ ᴩиέȴ

4.1.1Ɫ6ѣ2ѡ0400LTCМҶ ᶝ ֫ᾌ֥כ ȲҠѿכẞ ​

ṏֻᾼצ ȷ 4.1.2Ɫ 24Њ ϯȲѿ RCWF ⱢМїҙ 100еṭ

в​ П ѬȲҒ иᵑⱢRCWF ​ Ἤ֯ᴯ Ȳ Ἤ

ᴥ Ɫ ​ ȲẔМ Є ​ ẞ645.5mmȲᴖ ​ и

ӁӦҖ֣⁮ ȴ 

› ​ ҵȲᴕ Ṇ Ӽ ү ẃ ḝ ѬȲṳ

иᾎ֯ḥצ Ԓ ›֣ ₤ᾼᾭᾓϯὑЛ֝ ​₤ ᾼῶ Ȳ֪ױ ứ

7ѣ29ѡᴟ30ѡᾼМ⇔Ҽ(ד2017)ד֝ ẃ иᾎȴҼ ѻ

Ɫү Җ Ȳὑ6ѣ29ѡ1910LTCӦừ ү Ȳ

ṳ֪ắ ֮ ϩ Ȳ ⇔ṣ Ȳ ⇔Ϸ ᶶȲ֪ױ ү

ṳЛ ȲׁשṅМậ7ѣ29ѡ0400UTCᴟ2200UTCȲԚ18Њ ᵂⱢׁשṅ

иέȴ 4.1.3Ɫ 18Њ ​Ȳד ὑ ​ ȲẔ ​ ṳ

ЛЄȲ Є ​ Ɫ297mmȲѻ ​ Ɫừ ẞῧ Ϛ Ȳѿц

ᴎϚ ȴ 
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4.2 Ѭᴷ и ῶ иέ 

Â ​ и иέ̅̅RCWF  

4.2.1 ​ ϯRCWF 8 ᾼ и Ὠ ֮ ѩ

Ȳṳ Њ RMSEȳRRMSEȳNBȳCC и ȲҠѿכẞ иꞋצЛ ᾼ

ῶ Ȳ֯ ד … 0.93ᴟ0.96П֯╥פּ ȲRMSE֯5.8ᴟ6.5mm/hП

ȲRRMSE֯0.35ᴟ 0.4П Ȳᴖ NB֯ -0.09ᴟ-0.17ȲꞋⱢᵅᴷ ​

ȴ 

Ӧ 8 ӣὑ ᴷ2.4 Ἤ Ϯ ạ П Ȳὑ ​

ϯȲṿӣϮ ὤ ȳᶮ цὑ   (Var_ὤ  _ɲ  _ὑ  )Ὠ ὑẒ

ὤ ȳᶮ  (Var_ὤ _ɲ )ȷᴖḂ (Change_Obs_err)Ὠ Ệứ

(Fix_Obs_err)ЛЄȷṿӣ ᵅ έ⇔ (R2)⁄ ὑṿӣ έ

⇔ (R2)ȴ֯ ϥ МȲῶ ֻᾼⱢṿӣϮ ȳỆứ

ṳṿӣ ᵅ έ⇔ Ȳẓ8צ ϯ ᵅᾼRMSEцRRMSE Ȳᵀ

Ẕ҃ и ṳЛЄȴ 

4.2.2Ɫ иᾎᾼ8 4 ᴷה… ​Ȳ NBȳRMSEȳ

RRMSEϚ֝ Ɫ  ᴩѩ Ȳҿҙ Ɫ ȲҢҙה… Ɫ и

ᾎᾼ ȲҠѿכẞȲ֯ NB ϱ иᾎצЛ ᾼῶ ȲᵀЬ╥ѿ

Ὑ(ὤȟὤ ) ῶה… Ɫ Ṿȴ֯RMSEцRRMSEᾼῶ ϱȲ иᾎ Ϡ

Ϛ Ȳᵀ Ϸד ЛЄȴּמ иᵑⱢ ᴷה… ​ иᾎ

ᾼ Ṿῶ ȴ 

 

Â ​ и иέ̅̅RCMD  

4.2.3ⱢRCMD 8 и ὑ ​ ϯᾼи ῶ Ȳ

֢ и ד ЄȲד … 0.33ᴟ0.83П֯פּ ȲRMSE֯9.1ᴟ

22.05mm/hП ȲRRMSE֯0.5ᴟ1.28П ȲᴖNB֯ -0.78ᴟ-0.2ȴ 
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ᴩ Ϯ ạ П ᴷ ȸ ṿ ӣ Ϯ ὤ ȳᶮ ц ὑ  

(Var_ὤ _ɲ _ὑ ) Ẓ ὤ ȳᶮ  (Var_ὤ _ɲ ) ṳЛЄȷḂ

(Change_Obs_err)Ὠ ὑỆứ (Fix_Obs_err)ȷṿӣ ᵅ έ

⇔ (R2)ὑṿӣ Ở έ⇔ (R1)ȴ֯ ϥ МȲῶ ֻᾼⱢ

ṿӣẒ ȳḂ ṳṿӣ ᵅ έ⇔ ȴ 

4.2.4ⱢRCMD ​ иᾎᾼϥ ҳ ᴷה…

​Пи ȲҠѿὙ ẞȲR2כ МȲ ṿӣẒ (Var_ὤ _ɲ )

ṳỆứ (Fix_Obs_err)ҵȲẔ Ϯ и ῶ Ꞌ ὑ ᴷה…

​ȴ 4.2.5Ɫ RCWF RCMD П ᴷה… ​и (ҿ )

иᾎ Пи (Ң )Ԛ֝ѩ Ȳ Ԓכẞ֯ ᴷה… ​֯

NBȳRMSEȳRRMSEи ϱȲꞋѿṿӣRCWF ὑRCMDȷ֯

иᾎ ϯȲ֝ ⱢRCWFὑRCMDȴᵀ ֥ѩ ϯҠ ȲRCWF

֯ṿӣ ה… иᾎᴷ ​ϯᾼῶ Ἤצ ȲᵀẔ ṿ

ӣ RCMD ᴩẒ Ѡᾎᴷ ​П ѩṳЛЄȲṳѹד RCMD

֯ṿӣ иᾎᴷ ​ᾼῶ ֯ ᾼ ứϯ(ױ Ɫṿӣ ᵅ

έ⇔ (R2)ȳ (Change_Obs_err)ᾼẒ )ȲҠẓצϚứ

ứᾼῶ ȴ 

Â и иέ̅̅RCWF  

4.2.6ⱢRCWF 8 и ὑ ϯᾼи ῶ Ȳ

ד … 0.63ᴟ0.75П֯╥פּ ȲRMSE֯4.4ᴟ5.9mm/hП ȲRRMSE

֯0.6ᴟ0.83П ȲᴖNB֯ 0.1ᴟ0.28Ȳ ​ Л֝ȲꞋⱢ ᴷ

​ ȴ 

ᴷϮ ạ ȸṿӣϮ ὤ ȳᶮ цὑ  (Var_ὤ _ɲ _ὑ ) Ὠ

ὑẒ ὤ ȳᶮ  (Var_ὤ _ɲ )ȷḂ (Change_Obs_err)Ὠ

ὑỆứ (Fix_Obs_err)ȷṿӣ ᵅ έ⇔ (R2)ὑṿӣ Ở
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έ⇔ (R1)ȴ֪֯ױ ϥ МȲῶ ֻᾼⱢṿӣϮ ȳḂ

ṳṿӣ ᵅ έ⇔ ȷῶ ᾼⱢṿӣẒ ȳỆứ

ṳṿӣ έ⇔ Ȳ ​  ȴ֝ד

ᴖ 4.2.7╥ иᾎᾼϥ ҳ ᴷה… ​Ȳ

ҠѿכẞȲ֝ ֯NB ϱ иᾎצЛ ᾼῶ ȴ֯RMSEцRRMSEᾼ

ῶ ϱȲ иᾎῶ Ϸד Л Ȳ֯Ḃ ᾼҳ ȲRMSE

ꞋЊὑ5mm/hrȲ ᵅ 4.4mm/hrҿҢȴᴖּמ иᵑⱢ ᴷה… ​

иᾎ ᾼ Ṿῶ ȴ 

Â Њ  

Л ֯ иᾎἨ ᴷה… ​Ȳ и Ꞌ ​ῶ

ẃᾼ Ȳѿϯ ȸ1.֪ ​ Ẕ ​ М֯Җү Ȳѹ ​ Ꞌ

ῺȲᴖ ᾌḇ ⇔ ẃ Ȳ֪ױṿӣ֮

ᴩᴷ Ȳ֯ ҷצ ⇔ȴ2.иᾎ ᴩכӐẗ Ȳὤ ц

ὑ Ɫ ᴩּפḇȲᵀᶮ Ɫ Ȳ ẃ ЄȲᴖ֯

ϱὑ ᾼ Ҡ ắẞ ᾼ ḆЄȲ ֯ ה…

иᾎᴷ ​ϱȲꞋ ὑ ​ ȴ 

ҫҵὑ ​ ϯȲ ῶה… ṾȲRCWF ϭ ὑRCMD

Ȳᵀὑ Ȳ иᾎῶ ֻȴ ױ иᾎᾼ ֯ὑ

₇ Л ứἨắẔ֪҃ ȲҠ ӦЛ֝ Ἤ ẁᾼ Ȳ

ἒױ ḇȲѿפФּד ẞ Ɫ֥ ᾼ Ὠȴ 

 

4.3 и Ὠ иέ 

Ӧ 4.2Ҡ ҏὑ ​ц ϯ8 Пῶ ȲӐ

Ẓ Ἤ ҏ ֻᾼ ᴩḆ ᾼиέȲṳѩ и П

ᵑȴ 
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4.3.1 ​  

4.3.1Ɫ ​ 6ѣ2ѡ0156UTCᾼ и Пѩ Ȳ и

ứⱢṿӣϮ (Var_ὤ _ɲ _ὑ )ȳỆứ (Fix_Obs_err)ѿц

ӣ έ⇔ (R2)ᴩ иП ȴ 

ҿ ӦϱᴖϯиᵑⱢ ὤȳὤ ȳᶮ цὑ   ԊṔ 1.5Ј  PPIɎPlan 

position Indicatorɏ Ȳ ᴯὑМїᴯ (0,0)ȲẔ Ɫ Ὼ

(km)Ȳ֪ ṅМⱢשׁ ᵍԜѬ ד Ȳ ứṿӣ ⇔ ᵅὑ3.5еṭȲ

ױ֪ вⱢ иᾎ ἬṿӣП ȷҢ Ɫ и ȲҢ ϱѠⱢ

иᾎ ​ᴷ ȲẔ Ɫὤ ȳᶮ цὑ и Ὠȴ    

Ӧ Пὤ Ҡ ẞכ ​ ᾼᴯ Ȳ֯ױ ◕ ​ ӂᴩὑ

Ȳὤ ױ֯ Ϸ ЄȲꞋצЄּ1.5פdBѿϱȲ ӱצ Є​ Ȳᶮ

ὑ ​ Ὑצ Ȳ֯ױҠѿכẞὑ ᴫ ПṆ Ȳῶ ҏϠ‍

Єᾼᶮ Ȳὑ Ɫᶮ ⇔ᾼ оȲ֝ ч Ѭ ϯ​ ц ⇔

ᾼד Є ȴ 

и Ὠ ᴩ ѩȲ ᴖṕ ◕ ҏᾼ и Ὠ

ד Ϛ ȲӣѿᵂⱢ ᴕ ПϮ ὤ ȳᶮ цὑ Ẕиᵉ

Ϸῶ ד ֻȴҫҵҠѿכẞ֪ṿӣ R2 έ⇔ ᴩ иȲṿ и ד

ὑ ḆюȲ ḆҒӂ Ȳ֯ὑ и ϯȲ ϠצR2 έ⇔ ẃᾼ

Ȳ иӐṝ ᾼ ḇȲṿП֯פּ Ԓ ϱἬ ṳЛ֥Ѿᾬ

ᾼ Ϛ ӔȲ ẞḆҒ֥ ᾼ Ὠȴ 

 

Â … aП￼ Ṿо Ὠᾼѩ  

ӐׁשṅП иᾎⱢ Ϛᾌḇиᵑ ᴩ Ȳ֪ױὑ 4.3.2(a)… a￼

ҠṓȲṿӣDiscreated methodᴩ (2.1Њ )Ȳ֯ḕ ѠᴯṔПᾌḇ
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ϱꞋצ ὑᴞАᾼ Ȳṳὑᾌḇ ϱꞋ ứⱢ֝Ϛ ȴ(b)Ɫ и

ᾎ ҅∟ᾼ ὨȲὑ ᾌḇ ϱ 2 ɎR2 ɏꞋצЛ֝ Ȳ

ѿч Л֝DSD ϯᾼ… a ᾼצ оȲ Ϸ Ϡṿӣ Z-R ה…

ᾎṏֻч DSDоП ȴҫҵ֯ ᾼ⁮ юȲϷ Ɫ Ȳ

Ҡ ᴖױ֪ ᾎ ẁד צ П ȲϷ ὑa… и Ὠ֯█ṷѠᴯ

ṔϱצὙ Л Ἠ Л֥ ᾼᾭᾓ Ӣȴ 

 

Â Ϛᾌḇϯ֢ ѩ  

ᶦױ֯ Ҡѿ ϚḔ ѩ ᾌḇ ϱ֢ ᾼῶ Ȳ֪֝ױ ӣ

6ѣ2ѡ0156UTC◕Ȳṳ ậ3 Л֝ ᾼᾌḇȴ 4.3.3ⱢἬ ậᾼ

ᾌḇAᴟCᴯ ȲᾌḇAⱢױ ◕ϯ ​Ṇ ᾼ ֫ᾌ ȷᾌḇBⱢד

Ṇ ᾼ ᾭ ȷᾌḇC⁄╥ậᾌḇ ד ЛṜᾼ ȴ 

4.3.4ⱢᾌḇAᾼ֢ ῶ ὨȲӦϱᴖϯиᵑⱢὤȳὤ ȳᶮ ц

ὑ Ȳ ᴥ Ɫ Ɏὤ ȳὤ ȳᶮ цὑ ɏȲᴖ ᴥ ⁄҅ῶ и

ὨɎὤ ȳᶮ цὑ ɏȲױ ⱢỆứ ȲẔ ᵧ ֢֯

ᾼҢϱṔ(ʎ πȢσȳʎɲ σȢπȳʎ πȢσȲȴὤ 40dBZϱϯȲ֯פּ

Є Ὼ 60dBZȲ ֫ᾌ פּ ֯ 105ẞ 250П ȷὤ ֯

Ὼᾼ֮Ѡ ЄȲⱢ Єᾼ​ Ȳ צ ϯ ᾼ ȲⱢ Ὼ

ᾭ₤ ᾼЊ​ ȷᶮ Ϛ Ởṳ Ὑ ȲẞϠּ105פ ∟―Є ϱ

сȲ ẞϯѠᾼὑ ȲϷҠכẞצὙ ᾼ ȴ и Ὠ ȲҠ

Лצẞכ ᾼῶ Ȳ Є Ϛ Ȳὤ ὑ ֫ᾌ Єȷ

ᶮ ד ῺȲᵀҠכẞẔ и ὨὙ Ɫӂ ȷὑ ὑ и

ϯ Л֥ ᾼ Ɏ ɏ ᴩ Ȳ֪ױ֯ױҠכẞṿӣ ᶮ

ᴩ ϯᾼὑ ֯█ṷ ҏ Ȳᵀὑ ꞋⱢӔ ȴ 

ҫҵ ᾃ ᾼ֮ѠⱢὤ ᾼ и (ὤ )Ȳ֯ 105~125ᾼ ​ Ȳ
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צ ὑ ᾼ ὨȲ ᴖȲ֯֝ ᴯ Ȳᶮ ὑ ᾼ ד

Ϛ ȴ Ὠ ӱҠ דԜצ І֯105~125ҏ ᾼҠ ȴ֪ⱢԜד

І ὤ ЊȲ ᴖӐׁשṅἬṿӣП›֣ ₤ ᴕ Ѭד ІȲɲ ц

ὑ ѻ ắѬד ІἬ Ȳ֪ ױ Ӣᶮ цὑ ᶮ ᶮ Ϛ ᾼ

Ὠȴ Ὠ ӱ иᾎҠ ᴩԜ Ἠ ד ᵑП ȴ 

ᾌḇBɎ 4.3.5ɏ֯ὤ Ѿ ֯40dBZѿϯȲὤ ד Ϸ ЊȲ

ᵧ Њ​ Њᴖ ᾼ Ȳᶮ ЛὙ Ȳὑ ֪ắᶮ Ȳᴖ

צ ҏ Ȳ֝ ὑױ֯ и Ӕ֫ẃȲ֪ ꞋⱢӔױ ȴᾌḇCɎ 4.3.6ɏ

Ɫ ѽᾼ Ȳ֢ ῶ Ꞌד Ȳ֯ױᾭᾓϯȲ иϷ ᾎ᷄ẞ

ד ֥ Ȳ ҏЛ֥ ᾼ ​ Ȳױ ― ᵓӣ2.5 Ἤ ѠᾎȲ

Л֥ ᾼ и Ὠṳ ȴ 

 

4.3.2  

4.3.7Ɫ 7ѣ29ѡ1154UTCᾼ и Пѩ Ȳ

и ứⱢṿӣϮ (Var_ὤ  _ɲ  _ὑ  )ȳҠ

(Change_Obs_err)ѿцӣ έ⇔ (R2)ᴩ иП ȴ 

ὑ7ѣ29ѡ1100UTCӦừ ү Ȳױ ◕Ɫ ∟Ϛ

Њ вᾼ ȲҠѿכẞ ֫ᾌɎὤɏ֯30~40dBZϱϯȲ ֫ᾌ

ᴯὑ RCWF ⁮ МҶЍ Ȳ Є֫ᾌЄ ֯ 50~55dBZ Ὼȷὤ

ד ὑ ​ ЊȲֵ ֯-0.5dB~1dBП Ȳ ὑ ֫ᾌ צ Єᾼ ȷ

ᶮ ὑ ӼЊȲϭẒ ắѬד ІἬ Ȳ ӱױ Ѭד

І֯ױ ◕ϯ ӭц ⇔ṳЛ ȴ 

и ᴩ ѩȲ ᴖṕ ◕ ҏᾼ и Ὠ

₤Ϸד Ϛ Ȳ֪ṿӣ R2 έ⇔ ᴩ иȲ╝ϷҠѿכẞ֯ױ

ϯ и ὨꞋ Ɫӂ ȳ юȴὤ ὑ и ᾼ ὨӼѩ Є
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ϠϚ Ȳ֝ Ҡ ӱױ Ԝצ ᾼҏ ȴ 

 

Â … aП￼ Ṿо Ὠᾼѩ  

4.3.8Ɫ… aП￼ и ȴ￼ ֝ ֢֯ ѠᴯṔПᾌḇ

ϱꞋצ ὑᴞАᾼ Ȳṳὑᾌḇ ϱꞋ ứⱢ֝Ϛ ( 4.3.8(a))ȴ

―иᾎ ᴩ ҅ ∟Ȳ ᾼ… a и ֽ 4.3.8(b)ἬӱȲὑ ᾌ

ḇ ϱ 2 ɎR2 ɏꞋצЛ֝ Ȳ ѿч Л֝DSD ϯᾼ

… a ᾼצ оȴ ​ Л֝( 4.3.2(b))Ȳ֯ױ… a и Ὠὑ

ѠᴯṔϱ Ɫ Ȳ Ҡ ╥Ӧὑ Ɫᶙ Ȳѹ ד юȲ

ᴖṿױ ◕ϯ … aЛ֥ ᾼᾭᾓ юȴ 

 

Â Ϛᾌḇϯ֢ ѩ  

֝ ậ ϯϮ Л֝ ᾼ ᾌḇ ᴩѩ Ȳ 4.3.9ⱢἬ

ҟᾼᾌḇAȳBᾼᴯ ȴᾌḇAⱢױ ϯ Єֵ ᾌḇדῺᾼ₤ ȷ

ᾌḇBⱢ ֫ᾌ ȴ 

4.3.10ⱢᾌḇAᾼ֢ ῶ ὨȲ ​ иέѠ֝דהȲ ᴥ

Ɫ֢ П Ɏὤ ȳὤ ȳᶮ цὑ ɏȲ ᴥ ⁄Ɫ и Ὠ

Ɏὤ ȳᶮ цὑ ɏȲױ ⱢҠ ȲẔ ᵧ ֢֯

ᾼҢϱṔȲ Л֝ᾌḇᴖצἬ ᵑȴὤ 40dBZϱϯȲὤ֯פּ ⁄

​ ЊȲ ֯2dBѿϯȲ ӱֵⱢЊ​ ᾼ₤ Ȳᶮ цὑ ֝

ϷЛ╥−Ὑ ȴ и Ὠ ȲҠכẞ֝ Лצ ᾼῶ Ȳ

ῶ ѩד Ϛ Ȳҫҵᶮ ֝ ѩד Ɫӂ Ȳὑ Ϸ

צ Л ֥ᾬ ᾭ ᾼ Ӕ֫ẃȴ 

ᾌḇBᾼ Ὠ ὑ 4.3.11Ȳױᾌḇצ ֫ᾌ (Єּ210֯פ

П∟)ȲҠѿכẞὤ Єὑ40dBZȲὤ ȳᶮ ὑ ꞋצϱсȲ ӱ
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ẔѬד І ֵȲ Ϸ Єᾼ ἤȴ и Ὠ ᴩѩ ∟Ȳ

ῶ ᾼϷЛ Ȳ ᾃ ᾼ֮Ѡ֯ὑὤ Ȳֽ ​ ϯὤ ᾼ и Ὠ ᴿȲ

ױ ϯᾼ ὤ ֝ Ϸצ ὑ ᾼῶ Ȳ ֽ֪› Њ Ἤ Ȳ

ᴖ Ҡ ắẞԜ П ȴ 

 

4.4 Ѭᴷ ὑῈ ϱи ῶ иέ 

Â RCWF ​  

4.4.1(a)~(e)Ɫ4 цה… иᾎᴷ ​ὑ ​ ϯ֢

ᾼ RMSEи Ȳ Ẕ Ȳ ᴥⱢ ȴ и ứⱢṿӣϮ

(Var_ὤ  _ɲ  _ὑ  )ȳỆứ (Fix_Obs_err)ѿцӣ έ⇔ (R2)

ᴩ иП ȴ 

4.4.2(f)Ɫrg2 Ɫ RRMSEᾼиӕȲ֪ױrg2=В ὙȾὔȲ

Ҡ҅ῶ ֯ 24Њ ϯП ​ ד ЄЊȲ֪ױ֯ױ ҠѿכẞẔ

​иᵉ МὑҖѠȲṳӦҖ֣⁮ юȲᴖ֯ 4.4.1(a)~(e)֢ ѠᾎϯᾼRMSE

ϷכẞẔЄ ẞכ ​ ЄЊᵧ Ӕד ȴ֝ ֽ4.2Њ ἬӱȲ֯ ​

ϯѿ 4.4.1(b)ПὙ(ὤȟὤ ) ῶה… Ɫ ṾȲяẔ֯ Җ ​ Є

ᾼᴯ ȲẔRMSE Ҡ ạ֯10mm/hѿϯȴ 

RMSEи ѿrg2―Ҡ RRMSEȲⱢ 4.4.2(a)~(e)П ὨȲ

Ҡѿכẞ֯ ​ ЄЊ ᾼכ ∟ȲҖѠ ᾼRRMSE ᵅȲῶ

ᾼ иⱢ ȳ ᴎϚ ȴὙ(ὤȟὤ ) ῶה… ЬⱢ ṾȲẓצ ֵ

ᾼRRMSEɑ ȴ 

Â RCWF  

4.4.3(a)~(e)Ɫ4 цה… иᾎᴷ ​ὑ ϯ֢

ᾼRMSEи ȴ֯Ὲ иӁϱȲ Єᾼrg2ᴯὑῧ ц ᴎϚ Ȳ֯ ֢
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Ϛ Ҡכẞ ЄᾼRMSE ὑ Єᾼrg2(4.4.3(f))Ȳᵀ ṳЛЄȲ

ᾼῶ ᴖṕȲ иᾎ ד​ ὑ ᴷה… ​Ȳὑ​ Єᾼ

ῶ Ὠ ֻȴ֝ RRMSEȲ ​ ЄЊᾼ Ȳ Ὠ ӱ

ὑ 4.4.4(a)~(e)Ȳױ ҠѿכẞὑүҖִ֮יȲ ᴷה… ​(

4.4.4(a)~(d)) Ὠ ὑ иᴷ ​( 4.4.4(e))ȴ 

֯Ẓ ꞋҠכẞȲ ​ ЄЊ ὑ RMSE RRMSEи ϱᾼ

Ȳ֯Л֝ ϯȲЛ֝ᾼ цה… иᴷ צ​ Л֝ᾼῶ ѠהȲ

ϯϚЊױ֪ Л֝ ​ ᴩ֢и ᾼ иέȴ 

 

4.5 ​ ⇔ Ѭᴷ ᾼ  

4.5Њ ᴷᶙẒ ὑ8 ϯ и ῶ ∟Ȳ4.6Њ

Л֝ ​ЄЊȲиᵑṿӣẒ Ἤ П иᾎϯ Ṿ ​ Ὠ ҳ

ᴷה… ​ ᴩиέȴ ѿ​ Њ ​ ᴩи Ȳṳ

CCȳNBȳRMSERRMSEи ȴ ​ Њ ​ ֵȲ֪ױӦ0mm/hr

ỞȲѿ20mm/hrⱢ ȲиⱢ5 Ȳ 80mm/hrѿϱ⁄ Ɫ֝Ϛ ȷ

⁄Ӧ0mm/hrỞȲѿ10mm/hrⱢ Ȳ֝ иⱢ5 Ȳ 40mm/hr

ѿϱ⁄ Ɫ֝Ϛ ȷ 

 

Â ​ Л֝ Ѭ ⇔иέ͡͡RCWF  

ױ֯ ӣṿӣϮ ȳỆứ ṳṿӣ ᵅ έ⇔П Ȳ

Ὠ ӱὑ 4.6.1ȴ М ᶄ ⱢЊ ​ Ȳ ᶄ ⁄Ɫҳ и ȴҠѿכ

ẞד … (CC)(4.6.1(a))֢֯ ◕ȲѿὙ(ὤȟὤ )Ɫ ṾȲ ד …

​ ⇔ Ғᴖ юȲᵀ֯ 80mm/hrᾼ ​ ⇔ ȲὙ(ὤȟὤ ) ԛה…

⇔֫сȴ֯ о (NB)( 4.6.1.(b))ϱȲ иᾎ֯ᵅ ​ ⇔ ϠӔ

ᾼ NBȲ ӱ֯Њ​ иᾎᴷ ᾼ ​╥ ὑ​ ᾼ Ȳᵀ ​
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⇔ ҒȲ Ẕ҃ ​ Ȳ֝דה… ҏ ᾼ NBȴRMSE( 4.6.1.(c))ὑ

ᴖṕ Ὑ(ὤȟὤ ) ҵȲẔה… Ꞌ ​ Ғ ЄȲ֯ 20~40mm/hr

ц40~60mm/hrȲ иᾎ ὑὙ(ὤ)ȳR(ὑ ) Ὑ(ὑ ȟὤ ) ​ Ȳה…

ᵀὑ 80mm/hrᾼ ​ ȲRMSEᾼῶ Лꜙ Ȳ֝ ϷҠѿ ẞד

… ᾼ ᵅȴ֯ ​ о∟ ᴩRRMSE( 4.6.1.(d))ᾼ ȲҠѿ

ẞὑ0~20mm/hrᾼכ ​ иᾎῶ ЛṾȲᴖ∟и ṳЛЄȴ 

 

Â Л֝ Ѭ ⇔иέ͡͡RCWF  

ӣṿӣϮ ȳḂ ṳṿӣ ᵅ έ⇔ Ȳ

Ὠ ӱὑ 4.6.2ȴҠѿכẞ֯ד … (CC)( 4.6.2(a))Ѡ Ȳ иᾎ(

ᴥ  )֯ ֢​ ῶ Ꞌ ҳ ṾȲTה… ד … ṳḥ֣צ ​

Ϛ ​ Ғᴖϯ ȲὙ(ὤȟὤ )֯ ›ҳ ​ ϯи ῶ Ẕ҃ ​ …

ה ЛֵȲᵀ֯​ 40mm/hrȲҠѿכẞד … Ὑ ϯ ȴ֯NBи

ϱ( 4.6.2(b))Ȳ иᾎ Ὑ(ὤȟὤ )Ꞌ֯ 0~10mm/hr​ Ӕᾼצ NB

Ȳᵀ֝ ​ ⇔ ҒȲ ҏ ᾼNBȲѹ иᾎὑ​ Ғ∟ȲNB

и צ ѩ ֻᾼῶ Ȳ Ẕ҃ ​ Ḇה… Ὼ0ȴRMSE( 4.6.2(c))

Ь ​ ҒᴖϱсȲ 0~10mm/hrȲẔ ѿ иᾎῶ ṾȲ

ẓצ ᵅᾼRMSEȲҫҵ֯Х ​ ϯȲ иᾎRMSEꞋ ═ὑ20mm/hrѿ

ϯȲᴖẔ ПRMSEиה… ​ ҒȲצὙ Є ϱсᾼ ȴ

4.6.2(d)∟ ὑ RRMSEи ϱȲҠѿכẞϚ ὑЊ​ 0~10mm/hr

иᾎῶ Ȳᴖ∟ ​ Ғᴖדצ Ṿᾼи ȴ 
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Хȳ ӑẃ  

ӐׁשṅṿӣRCWF RCMD Ȳ ᴩ иᾎ Ѭ ה…

ᴷ ​П Ȳṳ ד2017 ȳ ​Ẓ ᴷẔи ῶ ȴׁשṅӭ

ᾼⱢ ӦϚṆԝ ᾼ ᴷȲ᷄ҏ Ɫ♅ ᾼ иᾎ ứ ӣ Ȳṳ

֯ Ѭᴷ ϱȲ ẁ ҵᴷ ​Ѡᾎ Ɫ ᴕȴ 

 

Â ὑ ​ц Ȳ ӦЛ֝ ԊṔ(0.5Јц 1.5ЈԊṔ) ᴩ ​

ᾼה… ᴷȲẒ ꞋⱢṿӣ1.5ЈԊṔ ὑ0.5ЈԊṔȲϷ֪ױ∟ ᴩ

и ȲꞋ ӣ1.5ЈԊṔ ᴩȷ֯ ​ ȲὙ(ὤȟὤ )

צה… Ṿᾼ ​ᴷ ῶ Ȳᵀὑ Ȳ⁄ѿὙ(ὤ )ȳ2ὑ  …

ῶה ṾȲ ӱϠ֢ ​ ắЛ֝ה… ​₤ ᾼ $3$ Ȳ֯Л֝

ꜙᴟὑ ȳῈ ϱῶ Ϸ Л֝Ȳ֪֯ױ ᴩ ​ᴷ Ȳ ṿӣЛ֝

דФה… ֥ȲѿḖ ֻᾼ10%Ὠȴ 

 

Â ὑẒ иᾎᾼ 8 МȲҠѿ ẞѿϯ Ὠȸ Ϥ 3

(Var_ὤ  _ɲ  _ὑ  )Ꞌ ὑṿӣẒ (Var_ὤ  _ɲ  )ȷцṿӣ έ⇔

(R2) ὑṿӣ έ⇔ (R1)ȷ֯Ệứц Ѡ Ȳὑ ​

ȲỆứ (Fix_Obs_err)צ ֻᾼ ὨȲᵀὑ Ȳ⁄╥ Л

֝ᾌḇ (Change_Obs_err) Ṿȴ 

 

Â 8 ᴷה… ​ Ὠ ᴩѩ Ȳὑ ​ ϯȲ ѿ

Ὑ(ὤȟὤ ) ῶה… Ɫ ṾȲ צ ᵅᾼ RMSE(3.8213)ȳRRMSE(0.2430)

ц Ὼ 0ᾼ NB(-0.0394)Ȳᴖ иᾎ Ẕ ѩȲדה… ҏᾼи

ꞋЛЄȷὑ ȲNB ϱ иᾎꞋ ῶה… ⱢṾȲḆ

Ὼ0Ȳᵀ иᾎNBⱢӔ Ȳ ӱ ᴷὑ​ Ἤ Ȳᴖ …
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ПNBⱢה Ȳ ӱᵅᴷ ​ȷ֯RMSEи ϱȲ иᾎМ

(Change_Obs_err) RMSEи ֯פּ 4.4~4.9mm/hП ה…

(5mm/hѿϱ)דѩẃᾼḆᵅȲẔ иה… ד⁄ ЛЄȷ

RRMSE Ϡ​ ЄЊἬ ẃᾼ оȲױ ὑ цה… иᾎϯ

и ṳЛЄȴ 

 

Â ὑ ​ Ȳ Ғ RCMD П ȲҠѿכẞ ᴷה…

​֯и ϱȲꞋѿṿӣRCWF ὑRCMDȷ֯ иᾎ ϯȲ

֝ ⱢRCWFὑRCMDȴᵀ ֥ѩ ϯҠ ȲRCWF ֯ṿӣ

ה… иᾎᴷ ​ϱῶ ꞋЛ Ȳ ṳЛЄȲᴖṿӣ RCMD

ᴩ иᾎᴷ ​Ȳ֯ ᾼ ứϯҠ ὑ Ѭ Ȳṳѹὑиה…

ϱɎRCWFȳRCMDɏ иᾎ ​ ה… ứȴ 

 

Â иέẒ ϯ1.5ЈԊṔPPIὨ Ϛᾌḇϱ и ȲẒ῏Ꞌ

Ҡѿכẞ и Ἤ ҏᾼ ₤ ד ῺȲѹ и ὨḆҒӂ Ȳ

Ϸד юȲ ПҵȲױ иᾎ Л֥ ᾼ ᴩ Ȳ֪ױ

ὑ и ᶮ ȳὑ ꞋҠ ӔⱢӔ ȴ 

 

Â иᾎ ᴷה… ​ὑῈ ϱᾼи ῶ ȲЛ ╥֯ ​Ἠ

ȲꞋҠכẞẔ RMSE Ѭ צ Ϛứ ⇔ᾼד Ȳ֪ױϯϚḔ

Л֝ ​ ⇔ ᴩ4 и ᾼ Ȳ Ὠ ӱȲЛ ὑ ​Ἠ Ȳ

CCи ​ ⇔ Ғᴖ ᵅȲ ӱⱢ ד ȲᴖRMSEи ​

⇔ ҒᴖϱсȲⱢӔד Ȳᵀ█ṷᴷ ​Ѡ֯ה ​ ⇔Є ῶ Ẕ

҃ѠהⱢṾȲϷ᾿ ẞϠ ᾼи ȴӦױҠ῀Ȳ ​

ЬⱢ QPE ᾼϚЄ╚ Ȳ֢Ѡᾎ֯Л֝ ​₤ ϯꞋצẔ ֕П Ȳ

Л֝Ѡᾎױ֪ ᾼṿӣ ֥Ѡ ẞḆҒ П Ѭᴷ Ὠȴ 
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ӑẃ Ϡ ҒḆֵ ᴩиέ ᴷȲϷ ֯ иᾎϱ Ḇֵ

⇔ ȲֽȸЛ֝ᾌḇ ◕Ɫ Ҡ ᴩ ȲᵀЛ֝ᾌḇ

ἒױṳЛᴕ ד ἤȲᵀ ϱ ֯ᾌḇ ᾌḇ Ἠ ϱ Ϸצ

Ȳ ṷӑẃ Ҡ Ϥᴕ ṳ ᴩ ȷṿӣЛ֝ έ⇔ ὑ ᾼ

⇔ ד ЄȲ֪ױὑ έ⇔Ѡ ϷҠ ᴩ Ȳ᷄ҏ и

Ҡ П ᵅ έ⇔ȷ￼ Ѡ Ȳ ◕ṿӣ ϯ Ȳ ֥

ᾼ ᵂ￼ Ȳᵀ Б῀ ֯ה… ṷ ԈἨ ​ ϯῶה…

ȲϷҠ Ϥ иᾎӣὑḖ Ḇֻᾼ￼ Ȳѿᵓ∟ иᾎᾼ ᵂȴ 

ҫҵ֯ӐׁשṅМȲ иᾎ ὑ ᴷה… ​ᾼᾭᾓⱢȸ ​

ϯṿӣRCMD ц ṿӣRCWF Ȳ›῏ᾌ  ᴖҠ

ẞ ₇ Ȳ∟῏Ҡ ֪ Ӑṝ ЄȲᵬ ​ Ẕ ắ

ẞ ȴ иᾎᾼ ֯ὑ ₇ Л ứἨắẔ֪҃ Ȳ

Ҡ ӦЛ֝ Ἤ ẁᾼ Ȳἒױ ḇȲѿפФּד ẞ Ɫ֥ ᾼ

ὨȲ֪ױ∟ Ҡ╚ ד ₇ ᾼ ᴩ Ȳѿ ᴷ иᾎ

ᾼṿӣ ȴ 
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ῶ3.3.1  Sᾌ◕ ​ …ה…  

 

ῶ3.3.2  Cᾌ◕ ​ …ה…  

 

  

S-Band Ὑ(╩▐)  2╚▀▬ Ὑ(╩▐ȟ╩▀►)  Ὑ(╚▀▬ȟ╩▀►)  

All data a 0.0279 c 47.5998 c 0.0046 c 64.8411 

b 0.6619 d 0.7605 d 0.8492 d -0.6921 

    e -0.6193 e 0.988 

C-Band Ὑ(╩▐)  2╚▀▬ Ὑ(╩▐ȟ╩▀►)  Ὑ(╚▀▬ȟ╩▀►)  

All data a 0.0376 c 26.2342 c 0.0035 c 31.2514 

b 0.634 d 0.7485 d 0.8886 d -0.5988 

    e -0.6575 e 0.9648 
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2.2.1  Sᾌ◕П›֣ ₤ȴ 
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2.2.2  Cᾌ◕П›֣ ₤ȴ 
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2.5.1  ​(ҿ) (Ң) ϯ֢   ȷӦϱᴖϯиᵑⱢὤ ȳ

ὑ ȳᶮ Ȳx Ɫ֢ Ȳҿ y Ɫ Ȳѿ  ӱȲҢ

y ⁄Ɫ ֵюᴍиѩᾼ Ȳ Ẕ ЄЊȴ 
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3.1  Ὲ иӁȷ ᴥϫֿⱢRCWFцRCMD Ἤ֯ᴯ Ȳּמᴥ

Ɫ​ ᴯ Ȳ ᴥ Ɫѿ ⱢМїҙ 100еṭἬ П ȴ 
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3.5.1 RCWF ​ ϯҳ ὑ0.5⇔ԊṔה… ᵉ  (a) Ὑ(ὤ)ȷ

(b)Ὑ(ὤȟὤ )ȷ(c) R(ὑ )ȷ(d)Ὑ(ὑ ȟὤ )ȴ 

 

 

3.5.2  RCWF ​ ϯҳ ὑ1.5⇔ԊṔה… ᵉ  (a) 

Ὑ(ὤ)ȷ(b)Ὑ(ὤȟὤ )ȷ(c) R(ὑ )ȷ(d)Ὑ(ὑ ȟὤ )ȴ 

 



42 

 

 

3.5.3 ϯҳ ὑ0.5⇔ԊṔה… ᵉ  (a) Ὑ(ὤ)ȷ

(b)Ὑ(ὤȟὤ )ȷ(c) R(ὑ )ȷ(d)Ὑ(ὑ ȟὤ )ȴ 

 

 

 

3.5.4  RCWF ​ ϯҳ ὑ1.5⇔ԊṔה… ᵉ  (a) 

Ὑ(ὤ)ȷ(b)Ὑ(ὤȟὤ )ȷ(c) R(ὑ )ȷ(d)Ὑ(ὑ ȟὤ )ȴ 
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4.1.1  ​ 6ѣ 2ѡ 0400LTC ֥֫כᾌ  

 

 

 

 

 

 
4.1.2  ​ 24Њ Ѭ(06/01/1600UTC~06/02/1600UTC) 
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4.1.3  7ѣ 29ѡ 1900LTC ֥֫כᾌ  

 

 

 

 

 
4.1.4 18Њ Ѭ(07/29/0400UTC~07/29/2200UTC) 
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4.3.1 ​ 6ѣ2ѡ0156UTCᾼ и Пѩ ȴҿҙ Ӧϱᴖ

ϯиᵑ╥ὤȳὤ ȳᶮ ȳὑ Ȳ Ɫ иἬṿӣᾼ ȷҢҙ

ӦϱᴖϯиᵑⱢ ​ ȳὤ ȳᶮ ȳὑ и  
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4.3.2 (a)​ 6ѣ2ѡ0156UTC… a￼  (b)и∟… a 

 

 

4.3.3  ​ ᾌḇAȳBȳCᴯ  
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4.3.4 ​ Ȳᾌḇ A֢ Пѩ ȴ(a) ȳ иᵑⱢὤȳʍ

ȳ(b) ~(d)  ȳ иᵑⱢὤ ȳᶮ ȳὑ ц и  
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4.3.5 ​ Ȳᾌḇ B֢ Пѩ ȴ(a) ȳ иᵑⱢὤȳʍ

ȳ(b) ~(d)  ȳ иᵑⱢὤ ȳᶮ ȳὑ ц и  

  



56 

 

 

 

4.3.6 ​ ȲᾌḇC֢ Пѩ ȴ(a) ȳ иᵑⱢὤȳʍ

ȳ(b) ~(d)  ȳ иᵑⱢὤ ȳᶮ ȳὑ ц и  
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4.3.7  7ѣ29ѡ1154UTCᾼ и Пѩ ȴҿҙ Ӧϱ

ᴖϯиᵑ╥ὤȳὤ ȳᶮ ȳὑ Ȳ Ɫ иἬṿӣᾼ ȷҢҙ

ӦϱᴖϯиᵑⱢ ​ ȳὤ ȳᶮ ȳὑ и  
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4.3.8  (a) 7ѣ29ѡ1154UTC… a￼  (b)и∟… a 

 

 

 

 
4.3. 9  ϯᾌḇAȳBᴯ  

  


















