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!ōǎǘǊŀŎǘ 

Past studies show a strong link between low-level moisture information and convective 

initiation(CI). Radar refractivity data is sensitive to the change of near-surface moisture, so 

refractivity observed by radar low-elevation angle scan can be used as the information about 

low-level water vapor. In this study, ensemble data assimilation system was used to discuss the 

effect of assimilating radar reflectivity, radio wind and refractivity. 11 June 2012 Mei-Yu front 

system case was chosen for research. It brought heavy precipitation over the north western 

Taiwan, and cause flooding. OSSEs is utilized to conduct a series of sensitivity test, including: 

(1) Assimilating refractivity data from near surface at 0.5 elevation angle, and compare it with 

assimilating at right position(near-surface). (2) Impact of increasing localization distance. (3) 

Improvement of assimilating temperature data. (4) Benefit of additional radar data (reflectivity, 

radio wind and refractivity) observed by S-PolKa radar. (5) Compare the result between 

assimilating refractivity data at difference model resolution (3km and 1km). 

Result shows that assimilating reflectivity and radial wind can correct the position of 

frontal system. Assimilating radar refractivity can modify near-surface moisture field. 

Assimilating refractivity at PPI plane will cause wrong adjustment. Increasing localization 

distance of water vapor field can modify larger area of water vapor field. Assimilating 

temperature data can modify moisture field by the cross-correlation between temperature and 

water vapor, and improve precipitation forecast. Since the altitude of S-PolKa radar is low, it 

can provide more information about the structure of frontal system at lower level. Increasing 

the resolution of model can simulate smaller scale turbulent convective features, and improve 

the benefit of assimilating refractivity. 
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ȷ_VRXQV҅ῶ ạ ֣ ᾎḆ Ѭ ȷ_NL2̔ῶ֝о᷉ ὑ

ϡ ה ϱȷ_NE1̔ ῶ֝о᷉ ᵀ֝оὑ0.5⇔ԊṔ ⇔ϱȷ

_50KM҅ῶ Ѭ ᾼᶝ֮оҙ Ӧ24еṭ ҒⱢ50еṭȷ_T̔ ῶ֝оᴯ

ȴ .......................................................................................................................... 94 
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Ϛȳ  

1- 1 ›ṕ ѝ ֫  

ҳ Ȳ ắẞ ֵ щ Ṇ ᾼ Ȳ ╥ ȳ ȲҒϱ

֮ᶮ Ȳṿ щ ᾼ ⇔ḆҒ сȲяẔ Ἃ ​ṶԈ כ ᾼḳ

Ȳᵓӣ цῈ έ⇔ᾼ ἤȲҠѿ ᵗᶺ Ϡ ױ оᶶ ᾼ

МЊѐ⇔щ Ṇ Ȳ ᶾ ᾼ Ḕ ẁᾼ ẃ ֵȲ Ϡ ᾼ֫ᾌ

֣ ҵȲ о ὑϠ כ ​ᾼ ᾬ Ϸצ−Єᾼ ᵗȲ

ϩч ᾼѠᾎḆ ẞϮ Ὲ ᾼ ⇔ ϩ (Liou and Chang 2009)ȴ 

ṿӣ ֫ᾌҵἋᾎ ᵛ ẁứ ​ Ȳᵀ ϩ‭ ὑϚẞẒЊ ȷ

ᵓӣ щ צ Ғ Ȳ צ Ὲ έ⇔ ἤᾼ

֝оᾼѠה ה ֥ȲḆ ϚḔ с ה ϩ(Chung et al. 2009; 

Dowell et al. 2011; Montmerle et al. 2002; Sun and Crook 1997)ȷXiao et al. (2005)ṿӣ

3DVARṆ ֝о ֣ Ȳ сϠ ה ​ ᾼ ϩȷXiao et al. 

(2007)MM5 3DVARṆ ֝о ֫ᾌ Ȳ ֫ᾌ

ᾼ​ ȳ ϩ ц ϩ ȲṳḂ ᾼ ​ ȷ ֝ ֝о ֫ᾌц

֣ Ȳד ὑҬ֝оẔМϚ ( ֫ᾌἨ ֣ )Ȳ ֝ Ӕ ϩ

ц ϩ Ȳ ϚḔ с ​ ϩ(Xiao and Sun 2007)ȷ Ϡ3DVARṆ ҵӼצ

ṅשֵׁ LETKFṆ ֝о Ȳᶁ צ Ḃ ᾼה ​ ῶ

(Chang et al. 2014; Tsai et al. 2014; Wu et al. 2020; Yang et al. 2017; ᵦ₇  2015; Ώ

∑  2015)ȴ 

֝о ֫ᾌц ֣ צ ה ϩȲᵀҬ֯צṆ Ở

∟И ẞ Ȳ ᴖ ҟצ ṅ╓ҏῺ֮ῶשֵׁ ⇔ ᾼ ἤ╥ ☼

Ở(convective initiation, CI) ᾼ (Crook 1996; Emanuel et al. 1995; Koch et 



2 

 

al. 1997)ȲᴖῴỞᾼѬ ֯ ☼Ṇ ᾼ М᷊ Ṕᴥ(Ge et al. 2013)Ȳ

ậ Ὲ έ⇔ᾼῺ֮ῶ ⇔ ѩ ЄЄ с ☼Ṇ ᾼ (Dabberdt et al. 

1996; Weckwerth 2000)ȴFabry et al. (1997)ҏϠ ᾌדᴯ оч ᷉

ᾼѠᾎȲӦὑῈ Мᾼ᷉ Ѭ ᾼ ἤȲ֪ױ ӣẃᴷ Ὼ֮ῶᾼѬ

Ȳ  1Ɫ᷉ ֯Л֝ ⇔ц ⇔ϯᾼ о ȲɲҠѿ ⇔ᾼϱсȲ

᷉ ắẞѬ ᾼ Ḇ ȷ ч ᷉ Ѭ ᾼ М

֯׀ ֵЛ ứἤѿц Ȳ ╥ ᾎ ֮ ῀Ἤ֮צῶӭ ᾬᾼ ⇔ѿц

₣᾿Ѡ֣ϱᾼ᷉ оȲצҠ ṿч ҏẃᾼ᷉ ҏ ȴ ᴖȲ֪ⱢῺ֮

ῶѬ ᾼ ἤȲӼצ ṅשֵׁ ҏṳ Ӕц ḟ ṷ (Bodine et al. 

2011; Fabry 2004; Feng and Fabry 2018; Feng et al. 2016; Park and Fabry 2010)Ȳ ᴖ

сч Ἤ ПѬ ᾼ ӣ ȴ 

Ϡצ ᷉ ᾼ ẁ Ὲ έ⇔ᾼῺ֮ῶѬ Ȳ― ӣẃи

έ֮ῶѬ ☼Ṇ П ᾼ …(Weckwerth and Parsons 2006; Weckwerth et al. 

2005)ȲϚṷׁשṅḆ ϚḔ ᷉ ֯ Мᾼה (Montmerle et al. 2002; 

Nicol et al. 2014; Seko et al. 2017; Sun 2005)ȲGasperoni et al. (2013)ṿӣ3DVARṆ

Ȳ Л֝￼ ȳ ϯ֝о᷉ ☼ Ở ᾼ

Ȳ Ὠ ӱ֝о᷉ Ҡѿ ᵅЄ Ἁ Ѭ Ȳ ה ☼ Ởᾼ

ϩȴ Ϡ ẁῺ֮ῶᾼ ⇔ ҵȲ ╦ ᾼч ᶾ ȲϷ

ẁ₣᾿Ѡ֣ϱᾼѬ Ȳ Ӕ Мᾼה ⇔ Ȳ ẞ с ​ ϩᾼ

Ὠ(Huang et al. 2016; Yang et al. 2014; Yang et al. 2020)ȴ 

 

1-  ṅӭᾼשׁ 2

ɦ ​ ɧ(Taiwan-Area Heavy rain Observation and 

Prediction Experiment, TAHOPE)МȲ ứὑ20205דẞ8ѣ Ȳ רּ ȳѡӐϮ
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Ѡ ᴩ ֥ ȲӦὑCoronavirus disease 2019COVID-19ꜟ ᾼ …ȲἋ

ᴟ ד2021 ᴩȲự ὑ ᴎ▐ ẃᴞּר Є ṅМї(NCAR)ᾼשׁ S-PolKa

Ȳױ Ɫ оȳ ᾌ◕ᾼ ȲҠѿ֝ ᾌ 10еи(S-band)

ц0.86еи(Ka-band)ᾼ Ȳ Ϛ ᵂ ӣ Л֝ᾼ֮Ѡ֯ὑȲS-PolKa

ᴯד׀ Ȳ ᴖᴷ Є Мᾼ᷉ ȷⱢϠ֯ Ở› ᴷ▐

ὑ ᴎỴ ᾼS-PolKa Ἤ ẃᾼ ȲӐׁשṅ ֯Б ֝оϠү

ᾼצ (ХиЍцМЄ )ᾼ ᾓϯȲ Ғ S-PolKa ᵡ ϚḔḂ

ᾼῴỞה с ​ ϩȴ 

ҫҵỮӑשׁצṅ ֮ ᷉ ᾼ֝о ὨȲᴖS-PolKaצ ϩ

ẁ ᷉ Ȳ֪᷉ױ ֝оד ᾼ Ϸ ╥Ӑׁשṅᾼ Ȳ

ᾼѠה Ṇ (observation system simulation experiment, OSSE)ẃ

ᴩȷ֯ ἏᾼׁשṅМȲЄֵṿӣ еה ᷉ ⱢѬ ᾼ ᵂⱢ

Ȳ М ṿӣẞῺ֮ῶϡ ᾼ ⇔ц ϩ Ȳᵀ֯ ᾼ М ѽ

ᾼ ȲҬצ ᾼ ȲⱢϠ ẞϡ ᾼ ⇔ц ϩиᵉ Ҭ ᴩⅎ

иέȲ ᾼѠה ᷉ ⱢѬ Ӈ Ӣ ȲἬѿӐׁשṅᾼᵂᾎ⁄

╥᾿ ᷉ ᵂⱢ ֝о МȲה ֝оṆ ᴞᴩḟứ ה

ᾼ ȴ 
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ϡȳ Ю  

Ӑׁשṅ ᾼ Ɫ Ӣὑ201206דѣ11-12ѡᾼ ​ ȲױṶԈ֯

вⱢҖ ẃ ḝᾼ ѬȲֵ ֮ ֪ ѬЛцᴖ ѬȲ М

ẞ Єᾼ ​ ⇔ 123mm/hrȲϫЊ Ϡ 400mmᾼ​ (  2)ȴ 

2012/06/11 1200UTCᴯ ὑ ҖѠ ϱӔ Ὼ Ȳױ Ӧ 500hPa

щ (  3)Ҡכҏ ᴯὑ ›ᾼᴯ ȲⱢצᵓṆ ᾼ Ȳѹ ⁮ צ

Єὑ 15m/sᾼ ⁬ᴫ⁮ Ȳᵛᵅ ☼ (  4)ȲⱢ  Ὼ ẁЄ ᾼ

Ὲ Ȳ ҖѠᵐῈ ὑ ҖѠ Ȳ֥ ӢϚЛ ứᾼ Ȳ 300hPa

щ (  5)Ȳ ᴯὑ ϯѠȲ ױ Ṇ Ὼ ∟Ȳ―Ɫ Җ ֮

ẃЄ ᾼ ​ȴ 

ᾌ֫כ֥ ẃכ(  6)Ȳ ​ ὑפּ 1300 UTC Җ ֮Ȳ

ѹ​ ═ ὑ Җ   Њ Ȳןẞᴫ⁮ ẃ҉ṜѬ ᾼ Ȳ ​

ϱϚ᾿צ ᾼ ☼ ӢȲ ϠװױҖ ᾼ ​ṶԈȴ  7Ɫ8Њ ᾼ

​ Ȳ М ӱ ᾼכ ​ М֯ Җ ֮ Ȳѹ​ ֵᾼ֮

Ϡ 300ᴏᾼ ​ȴ 

Wang et al. (2016)ᾼׁשṅȲױ ​ṶԈᾼѻ֪ẃᴞὑМѐ⇔ ☼Ṇ М

back-building (BB)ᾼ ȷ Chen et al. (2018)ᵓӣ ц ה

ᾼ Ὠ ᴩ иέȲẔ╓ҏ ᾼЛ ứ Ԉ(Ἁ ⇔ )Ȳ ֮ᶮ

☼ц ЍЍ ֮ᶮ  ᾼ ȲⱢ Җװױכ ​ṶԈᾼѻ ֪ȷᴖ Ke 

et al. (2019)⁄Ḇ ϚḔ ȳ ϩ ⇔ч ᶾ Ȳиέ в ᾼ ⇔

ц ϩ Ȳ ױ ᾼ ​ ạȴ 
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Ϯȳ ׁשṅѠᾎ 

3- 1 WRF ה ứ 

ӐׁשṅἬṿӣᾼ ⱢWRF3.9.1ᾪȲԓ֤ⱢWeather Research and ForecastingȲה

╥Ϛ Ҡ ѹ‍ ϩᾼ Ȳה ӣҳ ֣ ᾭ (two-way nesting)Ȳṿӣ

ᵄ (lambert)᷾ ᾎȲ ֽ  8ȲѬӂ έ⇔иᵑⱢ27ȳ9ȳ3ế1еṭȲ

₣᾿Ѡ֣52צȲ ה Ɫ10ᴍἢȴ ᾼ 6ѣ11ѡ0000 UTCד2012

ᴟ20126דѣ12ѡ0000 UTCȲ иḔ Ɫ90ּהȴἬṿӣᾼ оѠ ȸ ᾌצ

ᾬ оⱢRapid Radiative Transfer Model (RRTM) (Mlawer et al. 1997)ȳ

ᾌ ᾬ оⱢDudhia (Dudhia 1989)ȳ ꜜ ᾬ оⱢYonsei University 

(YSU)ᴩ╦― оᾎ(Hong and Dudhia, 2006)ȳ оⱢGrell-DevenyiṆ

ᾎ( D01ȳD02) (Grell and Devenyi, 2002)ȳ ᾬ оⱢ Goddard GCE 

scheme(Tao et al., 2003)ȴ 

 

3- 2 WLRAS Ṇ Ю  

ӐׁשṅἬṿӣᾼ֝оṆ ⱢWLRAS(WRF-LETKF Radar Assimilation System)Ȳ

ⱢTsai et al. (2014)Ἤ∂ ᾼ ֝оṆ ȲױṆ ᵓӣᶝ֮оṆ қ

ᾌ (Local Ensemble Transform Kalmen Filter, LETKF)֥WRF ה (￼ )

Ȳ ẞϚ ᾼ ῴỞה (иέ )ȲLETKF֝оѠᾎӦHunt et al. 

(2007)ҏȲἉϯ Ю Ѡᾎᾼ֝оױ ȴLETKFᴩ֝о ᾼṆה

ӂᶁ Ṇ иᵑ ᴩḆ ȲẔиᵑ҅ῶ ᾼᾭה Л ứἤȲḆ

ᶝ֮оҙ ᾼ ứṿӣ вᾼ Ȳṳѹḕ ה Ӵ ȲҠӣ

Ѡ  ῶӱⱢȸה
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 ὀἩ ὀἪ ἦἪἿ ρ 

 8Á 8Â7 ς 

ẔМὀⱢ ה ᾼṆ ӂᶁᴩ֣ ȲἦⱢ ᾼṆה Ȳϯ ÁếÂиᵑ

҅ῶиέ ￼ ȲἿ WиᵑⱢӂᶁ ᾼ … Ȳ ρ ς҅הῶи

έ Ɫ￼ Ṇ ᾼ ἤ ֥Ȳᴖ … МҔᵶϠ цṆц￼ ᾼ Ȳ

ѠהⱢȸ 

 Ἷ ἜἩἧἪ
ἢἠ ὁἷ ὁἪ  σ 

 ἥ ὑ ρἜἩ
Ⱦ

 τ 

ἜἩ̔ ῶ֯Ṇ Ὲ Миέ Ѡ Ȳứ Ɫȸ 

 ἜἩ ╚ ἓȾⱬ ἧἪ
ἢἠ ἧἪ  υ 

9 ÙⱢ￼ ֯ Ὲ МᾼṆ Ṇ ӂᶁȲÙⱢ ֣ Ȳ2Ɫ

Ѡ Ȳ֪ ֢ ἒױ ӴἬѿⱢ Ṕ ȲὑⱢṆ כ Ȳ

ἓⱢ ᴯ Ȳ”Ɫ … Ȳӣẃ ḟṆ ⇔ЛṜᾼ Ȳ Ṇ ᾼиέ

ØҠῶӱⱢȸ 

 ὀἩ ὀἩ ἦἩ ὀἪ ἦἪἿ ἦἪἥ φ 

П∟ԛᵓӣḆ ᶙ∟ᾼиέ ᴩ ȴ 

ṿӣ LETKF֝оᾼ ֯ὑ￼ Ѡ ẓצ☼ -Ṽ(flowד

dependent) ἤȲѩ 3DVARṆ МỆứ￼ Ѡ Ȳ Л֝ ц֮

ẞḆֻᾼ ȷ LETKFế4DVARẓדצ ᾼ֝о Ȳᵀ4DVAR

Л֝ᾼ ה ד ᾼӔйѿцᴴ ȲLETKFḆ(Adjoint model)ה
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צ ᾼЮ Л֝ᾼ ȲҠӣἤה ȷ ᴩиέḔ LETKFὔ ᴩӂᴩо

Ȳ ю ȴ 

 

3- 3  

LETKF֝о М ה Ɫ Ȳ ẃ

ȲẔМϭиⱢῈכ в ѿц Ẓ иȲ֯ ᴩῈ в Ȳ ᷄ ה

М ϱϯҔᴰᾼ8 Ὼᾼ Ȳᵓӣч ᾼѠהᾼѠהв ẞ

ᴯ ϱȲᴖ֯ӐׁשṅМἬṿӣᾼ צ ֫ᾌȳ ֣ ѿц ᷉ ȴ 

֯Marshall-Palmer​ иӁᾼ ϯȲ֫ᾌ(ὤ)ᾼ ה… ᴕDowell 

et al. (2011)ᾼ ᾎȲӦ​Ѭ(rain)ȳ (graupel) ȳ (snow)ᾼ֫ᾌἬ  ȸכ

 ὤ ὤ ὤ ὤ χ 

ѠהиᵑⱢ 

 ὤ σȢφσρπ”ή Ȣ  ψ 

 ὤ ρȢρςρπ”ή
Ȣ

 ω 

ᴖὤϭ иⱢ 4 πЈ# 4 πЈ# 

 ὤ ςȢχωρπ”ή Ȣȟ 4 πЈ# ρπ 

 ὤ ρȢςρρπ ”ή Ȣȟ 4 πЈ# ρρ 

”ⱢῈ ⇔Ȳήȳήȳή⁄иᵑ҅ῶ​Ѭȳ ȳ ᾼ ếѩȴ 

֣ 6ᾼ Ѡה⁄╥ Sun and Crook (1997)ᾼѠהȲ ᾼϮה
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(uȳvȳw)ц (ὺ)᷾ ẞ ᾌḇ ϱȸ 

 ὠ ό ὺ ύ ὺ  ρς 

ὼȳώȳᾀⱢ ֯᾿Ṕᶄ ϯד ὑ ᾼᴯ Ȳὶ ὼ ώ ᾀ҅ῶד ὑ

ᾼ Ȳ֝ ֯Marshall-Palmer​ иӁᾼ ϯȲ Ҡᴷ Ɫȸ 

 ὺ υȢτπ
Ӷ

Ȣ

”ή Ȣ  ρσ 

ẔМὴⱢ֮ῶ ϩȲὴӶⱢ (base state)ȴ 

ᴖ ᷉ Ȳה Smith and Weintraub (1953)ᾼׁשṅȲ֯ ᾌᾼ

ϯҠῶӱⱢȸ 

 . ὲ ρ ρπ χχȢφ σχσπππ (14) 

ẔМTⱢ ⇔(K)ȲPⱢ (hPa)ȲeⱢѬ (hPa)ȴ 

 

3- 4  

֝о МἬṿӣᾼ Ɫ МD03ᾼ ᴖ Ȳ

∟ Ғϱ ӣẃ Ȳ֫ᾌᾼ Ɫ5 dBZȳ ֣ ᾼ

Ɫ5 m/sȴ М ϠϮ ᾼ ȲиᵑⱢХиЍ (RCWF)ȳМҶ

Є ( МЄ) (NCU-CPOL)ȳS-PolKa ȲẔ֢ᴞᾼ ⇔ ц Ἰ ⇔

ֽῶ 2ἬӱȷϮ ᶁ ẁ֫ᾌц ֣ ȲХиЍцS-PolKa ⱢSᾌ

◕ Ҡ 230еṭȷМЄ ⱢCᾌ◕ Ȳᴕ

Ȳ ạ Ɫ 150еṭȴⱢ ᵍ έ⇔ ὑ ה έ⇔Ȳ

(superobservation)ᾼѠᴯṔ έ⇔ứⱢ 4⇔Ȳ ֣ Ɫ 4еṭȲṳѹҔᵶ 9

PPI(plan position indicator)ԊṔᾼ ȲиᵑⱢ0.5ȳ1.4ȳ2.4ȳ3.4ȳ4.3ȳ6.0ȳ9.9ȳ
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14.6ế19.5⇔Ȳ  10Ɫ ֫ᾌц ֣ ᾼ иӁ Ȳ ᴥⱢХиЍ ᾼ

Ȳ ᴥ ⱢМЄ ᾼ Ȳ ᴥⱢ S-PolKa ᾼ ȴ 

Fabry et al. (1997)ᾼׁשṅ╓ҏȲҠѿ ֮ῶӭ ᾬ(Ground Target)

ᾼדᴯ оч ᷉ Ȳắ ὑ֮ᶮȳ֮ῶӭ ᾬ ԊṔȲ ᷉

ᾼч Ɫ 30еṭҿҢȲѹӦὑ ϱ ḥצӭ ᾬȲἬѿЛ ᷉צ

Ȳҫҵ᷉ Ӧ֮ῶӭ ᾬẃ Ȳ֪ױ ᷉ ⱢῺ֮ῶᾼ Ȳᴖ

‍ֽ ᴯὑ ϱсᾼPPIᴯ ϱȴ ϱ ᾼ ạȲӐׁשṅ

ᾼ ᷉ иӁ ᾓֽ  11ἬӱȲ ᴥ ⱢМЄ ᾼ Ȳ ᴥ

ⱢS-PolKa ᾼ ȲⱢϠ ṓȲ᾿ ậ М ֮ה

ϡ ᾼ ȲẔ Ἰ ⇔иӁֽ  12ȲӦὑⱢD03ᾼ ה ȲἬѿ έ⇔

Ɫ3еṭȲԛ (14)ה Ɫ᷉ Ȳ Ɫ30еṭȲѹ ϱ Ȳ֪Ɫ

ХиЍ Ἰ Ȳד ὑẔ҃Ẓ ȲỂ ᾼ֮ῶӭ ᾬ юȲἬѿ Ẕ

ḥ᷉צ ȷ᷉ ⁄╥ ᴕ  (2019)ᾼׁשṅ Ẕ

Ɫ4.5Nȴ 

 

3- 5 Ѡה 

LETKF֝о ￼ Ѡ ẃḆ ה ȲⱢϠ Ḇ

╥ᵡҏ Ȳ ֯Ὲ Мד … иӁ ᶮȲ Ѡֽהϯȸ 

 ÃÏÒÒÅÌÁÔÉÏÎ ÃÏÅÆÆÉÃÉÅÎÔ
В Ӷ

В ӶВ
 (15) 

n̔ ῶṆ כ ȲὼӶȳώⱢṆ ӂᶁ ȴ 

ӦὑṿӣOSSEᴩׁשṅȲ МҔᵶ ᾼ Ȳ‍ ֥ Ѡ

ᶁ (root-mean-square error, RMSE)ᾼѠהẃ ᾼ ЄЊȲ ᾎֽϯȸ 
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 2-3%
В

 (16) 

FⱢ ȲOⱢ ȲNⱢ вᾼ ȴ 

ⱢϠḆ᾿ ᾼῶ ֝оἬ ẃᾼ ȲӐׁשṅ NoDA_ensדѩᾼ

Ӕ ᶮȲ Ѡֽהϯȸ 

 ÅÒÒÏÒ ÃÏÒÒÅÃÔÉÏÎὼ ὼ ȿὼ ὼ ȿ ρχ 

Ӕ ҅ῶ ֝оṿ ҒȲ ҅ῶ֝о ᵅ ȲҠӣẃᵧ ֝о∟╥

ᵡ ᾼḂ Ϡ ה ȴ 

ѩ ​ῶ Ȳ ṿӣеӔ ԑ и (Equitable Threat Score, ETS)ẃῶӱȲ

ϭ Gilbert skill score(GSS)Ȳ ԒḟứϚ  Ȳ ῶ 3ᾼѠהḟứצ

  ᾼ Ȳ Ԛ ҳצ ᾓȲ(a)ỄМ(Hit)҅ῶ ᾼ Ꞌ

  ᾼ ȷ(b) (False Alarm)҅ῶ ӑ   Ȳᵀ

  ᾼ ȷ(c)ҷ (Miss)҅ῶ   Ȳᵀ ӑ  

ᾼ ȷ(d)Ӕ ᵑ(correct negative)̔ ῶ ᾼ Ꞌӑ   ᾼ

ȲᴖETSᾼ Ѡֽהϯȸ 

 %43  ρψ 

 Á  ρω 

ETSᾼ Юὑ-1/3ẞ1П Ȳ Є҅ῶ ᾼῶ ֻȴ 
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ҳȳ OSSE Ὠ Ὠиέ 

ӦὑӐׁשṅ Ṇ ᾼѠה ᴩ֝о Ȳ֯Ю ᶙ П

∟ȲὑӐ ᾼϚ Ở(4-2) Ԓ Ю ᾼ ᶮȷ ϯẃ֯4-3 Ԓ ֝

о ֣ ה ᾼ ȷ4-4 ὑ ᴯ ֝о᷉ ᾼ ȷ

֯4-5ȳ4-6 иᵑ Ғᶝ֮оҙ ѿц ᴯ ᾼ ȷ ᴎS-PolKa

Ἤ ẃᾼ ֯4-7 ᴩ ȴ 

 

4- 1  

ⱢϠ S-PolKa ѿц ᷉ Ἤ ẃᾼ֝о Ȳ Ϛ

Ṇԝ Ṇ (OSSE)ᴩ ᴷȲ OSSEᴩ ᾼ ᴷצ

ȸ(1)Ӧὑ ֝оṆ ṿӣ֝דᾼѠ ה ᴩ Ȳ֪ױҠѿἕ

Ἤ ẃᾼ ȷ(2) ᾼ цᴯ Ȳ᷄ҏ ᾼ

Ѡᾎȷ(3)Ҡѿᵓӣ ֝о ȷ(4)֯ › ᴩ֝о

ᾼ ᴷȴ 

ᴩOSSE ц ȲӐׁשṅМẒ῏иᵑṿӣЛ֝ᾼԛиέ

ᵂⱢῴỞ ᴩ ȲиᵑⱢ (True)ᴕ ה ᾼ￼

(NoDA_det)Ȳ ṿӣᾼ╥ ERA-interim πȢχυЈ πȢχυЈԛиέ Ȳ￼ ṿӣ

NCEP-FNL ρЈ ρЈԛиέ ȲῴỞ ꞋⱢ20126דѣ11ѡ0000 UTCȴ

Ṇ ῴỞ Ԓᵓӣ WRF-3DVARṆ Ȳѿ CV3ᾼѠה NoDA_det ῴỞ

D01МᾼUȳVȳTȳQVAPOR ᴩ Ȳ Ӣ40Ṇ Ȳԛв ҏ έ

⇔ᾼ ה D02D03ȴWLRAS ֝оὑD03Ȳṳ WRF ה

М ֣  (two-way nesting)ᾼѠהȲ ֝оᾼ ֫ ᴟ έ⇔ᾼ ȴ 
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֝оᾼ☼ ֽ  9ἬӱȲ 0000 UTCỞ ᴩ13Њ ᾼ (spin up)ӣ

ѿ ӢṜ ᾼṆ ⇔Ȳѿ― ᴩ֝оȲ֝ о Ἤṿӣᾼ Ӧ ẁȴ

֝о ᾼ Ở Ɫ1300 UTCȲ֝о∟ ᴩ15и ᾼ ȲᶙכϚװᾼ֝

о Ȳ Ԛ ᴩХװᾼ֝оȲ═ Ɫ1Њ Ȳ ḇὑ1400 UTCṳ Ӣиέ

ᾼṆ ӂᶁȲ ∟ ᴩ10Њ ᾼ Ȳ ѩ иέ֝о ȴ 

WLRAS֝о Ḇ ᾼ ᾭה Ҕ╗ (UȳVȳW)ȳᴯ (Tô)ȳѬ

(QVAPOR)ȳ​Ѭ(QRAIN)ȳ (QSNOW)ȳ (QGRAUP)ȳ Ѭ(QCLOUD)Ȳ֝о

ӐЛ ạ ἬḆ ᾼ ה ȲT ∟ ֣ QVAPOR

Лṏᾼצ Ȳ֪ױ Ϡ 4-3 Ἤ ᾼ ҵȲẔ ᾼ ᶁṿӣ ᶝ֮

оᾎ ạ ֣ ЛḆ Ѭה ȴӐׁשṅ ᴕ Tsai et al. (2014)Ώ∑  

(2015) WLRASᾼ ứȲṿӣ ếᶝ֮оᾎȲиᵑ Л֝ᾼ ה ứᶝ֮оҙ

Ȳ ứѠה Ӑֽῶ 1ἬӱȲ֯ 4-5 ᾼМ ҒѬӂᶝ֮оҙ ᾼ Ȳ

Ἤѿ RWN_NL2_VrXQv_50kmМѬ ᾼѬӂᶝ֮оҙ Ӧ Ӑᾼ24еṭ

 50еṭȴכ

ῶ 4ⱢϮеṭ έ⇔֝оᾼ ῶ ȲNoDA_ensⱢ 40 Ṇ Л ԉᴶ֝

о ᴩ ȲӣẃᵂⱢ ᾼ ȷNL2_NCUonly҅ῶҬ֝оNCU᷉

ᾼ ȷẔ҃Ἤצᾼ ᶁ֝о֫ᾌ ֣ Ȳ RWN̔ ῶṿӣХиЍ

ѿцМЄ ᾼ ȲRWNS̔ῶṿӣХиЍȳМЄȳS-PolKa ᾼ

ȷ_VrXQv҅ῶ ạ ֣ ᾎḆ Ѭ ȷ_NL2̔ῶ֝о᷉ ὑ

ϡ ה ϱȷ_Ne1̔ῶ֝о᷉ ᵀ֝оὑ0.5⇔ԊṔ ⇔ϱȷ_50km

҅ῶ Ѭ ᾼᶝ֮оҙ Ӧ24еṭ ҒⱢ50еṭȷ_T̔ ῶ֝оᴯ ȴ 

 

4- 2 ￼  

֯ ᾼ МȲӦ Є ֫ᾌ ᵒ ​ ὑ 1200UTCỞ
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Җ ֮ (  13a)Ȳѹ​ ֯Җ ϱῈ═ Ϡ Њ ПϵȷӦ Ἰ500mᾼ

ҠѿḆὙ ҏכ ὑ1200UTC ֮(  14a)Ȳ ֥ ᵧὧᴫ֣Ȳ

═ ֯ ᴎϚ   Њ ȷ  15 aⱢ1300 UTC ה ϡ ᾼѬ

иӁ Ȳױ ᾼ ӻꜜ Ӕֻᴯὑ S-PolKaᾼ▐ ᴯ ȲѿҖ ⇔ ᵅȲ

ѿ⁮ ⇔ Ȳṳѹצᴫ⁮ ═ ẃ Ὲ Ȳ  15bⱢ Ἰ 1500mᾼѬ и

ӁȲד ὑῺ֮ῶᾼѬ Ȳױ ᾼ ⇔ Ȳɑ ⇔ ѻ М֯ ​ ϱȷ

ה ϡ ᾼᴯ иӁ(  16a)֝ Ҡѿכҏ ᾼ ȲS-PolKaᾼ▐ ᴯ צ

− ᾼ ⇔ ⇔ȲѿҖ ⇔ ᵅȲѿ⁮ ⇔ ȷ  17Ɫ1400 ẞ1600 UTCᾼẒ

Њ ​ Ȳ Мᾼ ​ ᴎҵ Ἃᴼẞ в Ȳѻ ᾼ ​ М֯

ᴎ Ϛ Ȳᴖ ⁄╥ҏ ֯ ϱ֮ ȴ 

М᷉ ȳ ⇔ȳ ⇔ц ϩὑ1300 UTCה ϡ ᾼиӁ

ᶮȲױ ֯ ᴎϚ ᾼ᷉ ЄּפЮὑ 360ẞ 390(  18a)ȲҠѿ ҏכ

ӻꜜᾼ Ȳ иӁ ᶮ Ѭ иӁ ⱢדῺ(  18b)Ȳᴖ ϩ ѬӂѠ

֣ᾼ Ȳ ϩᾼЄЊ о ֮ᶮצ (  18d)ȴ 

֯ ￼ ᾼ Ϛ М(NoDA_det)Ȳ ᴯ צ Ȳ

֯1300 UTC​ Б Җ ֮Ȳᵀ￼ ᾼ​ Ь֯ Җ

Ѡᾼ ϱ(  19a)Ȳ ᾼ ֥ ֝ Ϸᴯὑ ҖѠᾼ ϱ(  19b)Ȳᵀ ⇔

ᾼ ֥ Ȳ ֝ד ⁮ ᶁⱢᴫ⁮ Ȳᵀ֪Ɫ￼ ᾼ ᴯ

ҖȲἬѿ ᴫ ᾘ ᶁⱢᴫ⁮ Ȳ ү Җ ⁄╥ᵬᴫ ȷᴖ

ה ϡ ᾼ ⇔ (  20a) Ϸ ẞכ ӻꜜᾼ ȲЛ ⇔ ⇔ ЊȲ

ѹ ⁮ ϱᾼ ⇔Ϸ ᾼ ⇔ᵅȷ Ἰ 1500m ᾼ ⇔ (  

20b)Л Ṫ Ȳ ⇔ ᾼ М֯ ϱȲᴖ╥ ү ϱѠ

ᵧ ⇔ ᾼ ᶮȷᴟὑῺ֮ῶᾼᴯ ֯ ϱᾼ ⇔֝ ѩ Ȳѹ

ױ Җ ֮ ᾼᴯ ᵅ⁮ (  16a)Ȳᴖ￼ ᾼᴯ иӁ⁯╥
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Җ ⁮ ᵅᾼ ᶮ(  21a)ȷ  22Ɫ1400 ẞ1600 UTCᾼẒЊ ​

ȲӦὑ ᴯ Җᾼ …Ȳѻ ​ᾼ֮Ѡ М֯ ϱȲḥצ ẞ ֮ẃȴ 

 

4- 3 ֝о ֣ ᾼ  

LETKFᾼ ᴥПϚ ╥ Л֝ Ὲ ד ἤиӁᾼ ἤȲ ה

ᴩ Ȳ֪֝֯ױо МԒ Ἤצᾼ ה Ḇ ȴ֯

ᴩ᷉ ֝оП›Ɫ ’Ṇ ᵂӔ Ȳ Ԓ ᴩ ֫ᾌ ֣ ᾼ֝о ȴ

RWNⱢ֝оХиЍѿцМЄ ֫ᾌȳ ֣ ᾼ Ȳ  23a-cиᵑⱢ1300 

UTC ȳRWN ￼ циέ ᾼѬ ֥ѩиӁȲҠѿ ֯ М

ᾼ ֮цҵ Ɫ ⇔ ᵅᾼ Ȳ RWNҬ֝צо֫ᾌц ֣ Ȳᵀ

−Ὑ ᾼ ҒϠױ ᾼ ⇔(  23a)ȲⱢ ᾼ ȲӦ (  24a)Ҡѿכҏ

֝о∟ ҒϠ2g/kgᾼѬ ȷ ϚḔ ⇔ ₣᾿ ᾼиӁ ᶮȲ ᴯ ֽ

 25aἬӱȲ МЄѿцS-PolKaᴯ ȲҔᵶ ế ȲⱢϠᵧ

ȲἬѿ Ϯ ᾼӂᶁ Ȳḕ Ɫ10еṭȷ  25bⱢ ӂ

ᶁ Ȳҿҙ ᴯὑ ⁮ ⇔ ȲҢҙ ᴯὑ Җ ⇔ ᵅȲRWN֯

֝оП∟ ҒϠМЄ Ὼᾼ ⇔ (  26aМ50ẞ75П )Ȳ (  

27a) ӱ֝о כ ⇔ Ғᾼ ὨҠѿἋᴼᴟ Ἰ 2еṭѿϱȲ Ὼ֮ῶҒ ᾼ ᾓⱢ

ᾼ Ȳ  28aⱢRWN֝ о›∟ Ӕ ᶮиӁ Ȳ ױ Ҡѿ῀ Ἰ1.5

еṭѿϯᾼ ֝о∟ ҒϠȴ 

ױ ᾼ ᶮ Ɫ֝о ֣ Ἤ ╥Ȳὑכ ֝о ứȲ ạ ֣

֯֝о Л ᾼѬה ᴩ Ȳ ᴩ֝о( RWN_VrXQv)Ȳ

Ὠ ӱҟ ֣ Ѭ ᾼ П∟Ȳ ӐМЄ Ὼѿц ҵ ⇔Л֥ Ғ

ᾼ ᶮὙ Ḃ ֵ(  26b)Ȳ₣᾿ ᾼѬ RWN_VrXQvḥצҏ

RWN ֮ῶẞ Ἰ 2еṭ ᾼ ⇔ Ғᾼ ᶮ(  27b)ȷᴖ RWN_VrXQv
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֝о›∟ Ӕ ᶮиӁ(  28b)Ȳ ӐRWNМ ֮ῶἋᴼᴟ Ἰ1.5еṭ

Ғᾼ Ȳ Ѿᶙԓ ҷȴ֪ⱢRWN_VrXQv֯Ѭ ᾼ֝оῶ ṾȲἬѿ

П∟ᾼױ֯ Ȳ ᶝ֮оᾼѠהȲ ạ֝о ֣ ЛḆ Ѭה

(QVAPOR)ȴ 

֝о ֣ ПἬѿ֯֝о Ѭ ӢֽױЄᾼ Ȳ Ἁϯצ

֪Ȳ(1) ￼ ᴯ צ ȲἬѿ֯МЄ  Ὼ￼

ѩד ҏ Ϛ Ȳ МЄ ֣ ᾼ Є(15m/s)(  29)Ȳ  

30aȳbиᵑⱢUȳV ￼ ᾼ ȲӦὑ֯ ￼ ᵬ⁮⁮ᴫ

ᾼ ╝ȲἬѿ ֣ ᾼ ѻ ẃᴞὑ ֣ (  30b)ȷ(2)֣ Ѭ

ᾼӻד ἤ Ȳפּצ 0.5ҿҢᾼד ἤȲ  31ⱢМЄ Җ ц⁮ ᴯ ᾼ

֣ ה ϡ ᾼQVAPORד … иӁ Ȳ  31aὑМЄ  Ὼᾼד ἤ

Ɫ Ȳ ẞ╦ ᴯ ᾼ ֣ ⱢӔ Ȳ Ѭ Ӕᾼכ Ӕ ȷᴖ  31b

ὑМЄ  Ὼᾼד ἤⱢӔ Ȳ ẞ╦ ᴯ ᾼ ֣ Ɫ Ȳ֝ Ѭ

Ӕᾼכ Ӕ ȷ (3) ֵȲӦὑ ἤᾼ …Ȳ Ὼ

֮ Ȳ ה έ⇔ⱢϮеṭȲᵀ ֯  Ὼᾼ ⇔ ὑ ה

έ⇔ᾼ ᶮȴϱ Ϯ (1)￼ ᴯ צ (2)֣ Ѭ ᾼӻד

… (3) ⇔ ȲⱢᶺ Ɫ֝о ֣ Ӣ Ѭ ᾼ ֪ȴ 

 

4- 4 ᷉ ֝оᴯ ѩ  

ᾌ֯Ὲ М ֪Є Ю ἤᾼ ᴖ ᷉Ȳ ᷉ ╥ᵓӣ

Ẕ Ὲ МѬ ᾼ ἤẃ ẞ Ѭ ᾼӭᾼȲᵀ╥Ϛ ֯ ᴩ

ṿӣ 4/3֮ ҙ ᾼ ẃḟứӭ ᾬ(target)֯ ₣᾿Ѡ֣ϱᾼᴯ ȲϷ ╥

Ȳa╥֮ ҙ Ȳᴖ 0.5⇔ԊṔ ḕ Ғ10еṭȲ ⇔

ϱс Ὼ 100еѐȲᵀ֯ ᾼ М 30еṭ Ь Ҡѿ ֮ῶӭ
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ᾬ ẞ ᷉ ȲҠ ᾼ ֪Ɫ ϯ ᾼ᷉ ╓ ⇔ оЊὑ צ

ҏ ᾌ֣ϯ ᷉ᾼ ᶮȲFeng et al. (2016)― ч ᷉ ᾼ

ẃ Ȳ ᴖ֯ ἏᾼׁשṅМỮӑצѝ ᷉ ֯֝о ᴯ֯׀ ϱᾼ

Ȳ ה ᴶצ ȲѿἏᾼ ᾎ ╥ ᷉ ֝оὑ Мה Ὼ֮

ῶᾼ ⇔ȲGasperoni et al. (2013)᷉ ֝оὑ֮ῶȲSeko et al. (2017)᷉

⇔ ṅשȲӐׁ(60m)֝ד⇔ ᾼ ᾓȲϷ ╥ Ὼ֮ῶ

ᾼ᷉ иᵑ֝оὑ ה ϡ ⇔ 0.5⇔ԊṔ ⇔ᾼ ᵑȴ 

 32ⱢМЄ 0.5⇔ԊṔ ה ϡ ᾼ ⇔иӁ Ȳ

֯ ᷉ 30еṭᴯ PPI ה ᾼ ⇔ ЄҠѿ ẞ300

еѐѿϱȲᵀ ⇔ ᵅὑ ἸϚеṭȲѬ ֥ѩ֮֯ῶ ⇔ ѹ ⇔ Ȳ

иᾼ Ҡ Ὼ֮ῶ ⇔ᾼ ֝о֯ ᾼᴯ Ȳ ה Шצ

ᾼ ȴ 

Ԓ ֝о᷉ ה Ӣᴶ Ȳ  33иᵑⱢ Ϛ

о֝װ NCU ᷉ ∟ᾼ(a)QVAPORȳ(b)ᴯ ц(c)Uȳ(d)V ᾼ Ȳ

Ҡѿ ֝оϠ᷉ ∟Ҡѿ Ѭ Ӣּ1פg/kgᾼ ȷӦὑ᷉ Ɫ֝

Ɫ ⇔ᾼẗ ȲἬѿ ᴯ ᾼ Ӕ Ɫ2kȷפּ ֯ϱϚЊ צ ẞ ֣

Ѭ Ӣ ᾼ Ӕ ᾓȲᵀ╥֝о᷉ UȳV ᾼ ⁯

‍ ЊȲЄ и Њὑ1m/sȴ 

ѩ ֢ Ϛ֝װо∟ ᾼ Ȳ М(  15b) ה ϡ

ᾼѬ ὑ Җ ֮ פּ⇔ 17.5g/kgⱢ ᾼ Ȳ֯ NoDA_ensМᾼ פּ⇔

19g/kgὙ ᾼ ⇔ (  34a)ȲRWN_VrXQv(  34b) ֝оϠХиЍ

цМЄ ᾼ ֣ ц֫ᾌ Ȳᵀ֫ᾌ Ѭ דӻ֯׀ ἤ(  35)ȲἬѿҠѿכ

ҏМЄ Ὼᾼ ⇔ צ ṷ ᾼ פּ) Ғ0.5g/kg)Ȳ ϚḔ֝оМЄᾼ᷉
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ȲӦὑ МЄỂ ᾼѬ ᾼ …ȲRWN_NL2_VrXQv(  34c)֯ МЄ

Ể צ⇔ ᵅᾼ ᶮȷᴖRWN_Ne1_VrXQv(  34d) Ὼ֮ῶᾼ᷉ ֝

о֯ᴯ ᾼPPIϱȲ Ѭ Лᵀḥצ ючᴖ Ғ ᾼ ᶮȴ 

֝о›∟ᾼ ҠѿḆὙ ᾼכҏ RWN_NL2_VrXQvҖ ᾼ

⇔ ᵅ(  36a)Ȳѹ ҒϠ ⁮ ᾼ ⇔Ȳ֪LETKFɔ ӣṆ ד ἤᾼѠה

ᾼ֝о ὨἋᴼҏҟȲᵛ― ϱḥ᷉צ ᾼ Ь ᵅ ҵ ᾼ

⇔ȷRWN_Ne1_VrXQv⁄ҏ МЄỂ ⇔ Ғᾼ ᶮ(  36b)Ȳѹ

ᴯ Ғ ֵȲ҅ῶ ⇔ ЄȲ ᾼᾭᾓ ȴ 

Ѭ ֯₣᾿Ѡ֣ϱ ⇔ Ȳ ᾼѬ ᾘ  25aᾼѠה Ϯ

ӂᶁȲӦὑ ȲἬѿҠѿ ᵧ ֯₣᾿Ѡ֣ϱᾼ ȳ ӻꜜȲ

RWN_NL2_VrXQv(  37c)ד ὑ NoDA_ens(  37b) ᵅϠҖ ᾼ ⇔Ȳᴖ

RWN_Ne1_VrXQvὑῺ֮ῶᾼ ⇔Ὑ (  37d)Ȳѹ ẃכѬ

Ғᾼ ҏ ᴯ ȲҠ ╥֝оὑ0.5⇔ԊṔᴯ Ἤ (  38b)ȴ 

 

4- 5 ҒѬ ᶝ֮оҙ  

᷉ ᾼ צ ȲҬ ẞ ҙ 30еṭвᾼ Ȳ

ѹҬצ ֮ϱצ Ȳ ϱḥצӭ ᾬἬѿ ᾎ ȲⱢϠ Ẕ Єᾼ

ӣȲ ҒѬӂᶝ֮оҙ ╥Ϛ צ ᾼѠהȲ  39Ɫṿӣ40Ṇ МЄᴯ

ϱᾼѬ (QVAPOR)Ể Ѭ ᾼד … иӁ ȲӦױҠṓד … Єὑ0.8ѿ

ϱᾼ ҠѿἋᴼᴟ 50еṭҿҢȲ֪ױ иᾼ Ɫ Ѭ ᾼѬӂᶝ֮о

ҙ Ӧ24еṭ Ғᴟ50еṭ ֝о Ὠᾼ ȴ 

Ϛ װ ֝ о П ∟ Ȳ RWN_NL2_VrXQv(  40a)ד ѩ Ȳ

RWN_NL2_VrXQv_50km(  40b)צḆЄ ᾼѬ ắẞ֝оᾼ ᴖ ȲӦ
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ὑҬ֝צоӦМЄ Ἤ ẞᾼ ᷉ Ȳ֪ױ Ὑ ᾼ ᵑ ҏ ֯

ϱȲ ϱ ᷉ ȲҬ Ṇ ᾼד ἤ ֝о Ὠ ᴟ ϱȲ ҒѬ

ᾼᶝ֮оҙ ― ҒЄ֝о᷉ Ѭ ᾼ ȲӦ֝о›∟ᾼ ẃכȲ

RWN_NL2_VrXQv_50km(  41b)֯МЄ Ể Ӕᾼ ҒϠȲᵀ

RWN_NL2_VrXQv(  41a)ЛֵȲṳḥ֪צⱢ ҒϠᶝ֮оҙ ᴖҏ ḆЄᾼ

ȷ֯֝оᾼ М Ϡ ᷉ ПҵȲ ֫ᾌϷ Ḇ Ѭ ȲἬѿ

֯ Ỵ ҵ50еṭᾼ ϱѿц ᴎѿ⁮ᾼ֮ ȲϷҏ Ϡ ЛЊᾼ Ȳ

ῶӱ֫ᾌ Ѭ ᾼ ӔצϚứ ⇔ᾼ ϩȲ Ғᶝ֮оҙ Ғ֫ᾌ Ѭ ᾼ

Ӕ ȴ 

∟Ϛ ֝о ᾼѬ иέ ᾘ ӂᴩ Ỵ ᾼϮ₣᾿ ӂᶁ Ȳ

RWN_NL2_VrXQv(  42a)RWN_NL2_VrXQv_50km(  42b)ᶁ ∂ Ἁ

ᾼ ӻꜜȲᵀ RWN_NL2_VrXQv_50kmὑ 1еṭѿϱᾼ ⇔ ᵅȲ

(  37a)ᾼ ЄȲ  43a ӱ RWN_NL2_VrXQvNoDA_ensדѩ֯Ϛе

ṭҿҢᾼ ⇔ ╥ ᵅᾼȲᵀRWN_NL2_VrXQv_50km(  43b)чᴖ⁯ ҒϠ

ȲצҠ ֫ᾌ ᾼכ ӔȲϷצҠ ╥Ἁ צ Є ᾼѬ ֥ѩ

ᵅȲ֯ и М ẞ Ἤ Ȳ и ϚḔ И ῀ȴ 

ѩ ᾼиέ Ἰ500еѐ ֥ ᶮȲ ֯1400 UTCὑ ᴎצ

Ϛ− ᾼὧᴫ֣ ֥ (  44a)ȲRWN_VrXQv(  44b) RWN_NL2_VrXQv(  

44c)֯ ᶙכХװᾼ֝о∟ ⇔ ѩד Ȳᵀ╥ צ ױ∂ ֥ Ȳᴖ

RWN_NL2_VrXQv_50km(  44d)Л ⇔ Ȳ ֥ ϷЛ МȴᴟὑⱢᴶ ֥

⇔ Ȳ V ֝оḆ ᾼ ẃ Ȳ Ԓ 1400 UTC￼ ᾼ

иӁ ᶮȲԛ ᴩ Хװᾼ֝оḆ ›RWN_NL2_VrXQv_50km(  45b) Б

֯׀ ֥ ד ᾼ ᾓȲἬѿ Vи ל Vи ᾼ

ẃכȲRWN_NL2_VrXQv_50kmצ Єᾼ (  46b)Ȳᵀ╥ױ Vи ֯
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Ṇ Ὲ Мᾼ ⁯ѩRWN_NL2_VrXQvЊ( ᴥמ47ּ  )Ȳ ֝о∟

RWN_NL2_VrXQv֥ צ Ӕѹ Ȳᴖ RWN_NL2_VrXQv_50kmᵛ―צ

Єᾼ ⁯֪ⱢṆ ыЊȲṿ֝о›∟ḥצыЄᾼḂ ȴ 

ḇ֝о∟ṿӣṆ ӂᶁ ᴩ Ȳ  48bⱢ RWN_NL2_VrXQv_50km

1400ᴟ1600 UTCᾼ2Њ ​ Ȳ ​ Мᴟ ᴎҵ Ȳ​ ֵᾼ֮Ѡ

100mm ( ​ῺȲᵀד(17  ȲӦὑ֝оϠМЄ ᷉ Ȳ

ṿḆЄ ᾼῺ֮ῶ ⇔ ᵅȲѹ ֥ ⇔ RWN_NL2_VrXQvȲ ֯כ

֮ϱᾼ ​ юȴ 

 

4- 6 ֝о ⇔  

֯(Crook 1996; Ge et al. 2013)ᾼׁשṅ ẞȲ ϩ Мᾼ ⇔ ὑ ∂

☼ ᾼ ἤ ὑѬװ Ȳ֪ױ и ╥ Ϡ֝о֫ᾌȳ ֣ ế

᷉ ȲҫҵԛҒϤ ⇔ ᾼ ∟ ᵡ ϚḔ с ה ϩȴҒϤ

⇔ ᾼѠהⱢ Мᾼᴯה (Tô)в ẞ ֫ᾌ֝דᾼ ϱ

ṳҒϱ ( )ȲП∟ Ẕ֝оẞ МȲᴖᴯה ᾼ Ɫ

1⇔ȴ 

 49bⱢRWN_NL2_VrXQv_TϚ֝װо∟ ה ϡ ᾼᴯ иέ ȲӦ

ὑ֝оϠᴯ ȲἬѿḂ Ϡ ᾼᴯ ȷ  50Ɫ Х֝װо∟ᾼᴯ и

έ Ȳ RWN_NL2_VrXQv(  50a)ḥ֝צо ⇔ Ȳᵀ֯МЄ ῺЬҠכҏ

Ӕᾼ ὨȲ Ɫ ֝о ᷉ ╓ ᾼ ȲᴖRWN_NL2_VrXQv_T(  50b)

᾿ ҒϤϠᴯ ᾼ Ȳ ᴯ ᾼиӁᴯ ᾭᾓẃכῶ Ṿȴ 

 51ⱢМЄ ᴯ ϱᾼᴯ (theta)ה ϡ Ѭ (QVAPOR)ᾼד …

иӁ Ȳ ӱᴯ Ѭ ᾼד … ЄҠѿẞ 0.5ҿҢȲ҅ῶ ⇔ ẓ
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צ Ѭ ᾼ ϩȲ֪ױ RWN_NL2_VrXQv_T֯֝о М ϚḔ ᵅМ

Є  Ὼѿц ҖѠ ϱῺ֮ῶᾼ ⇔(  52b)ȷ 1400UTCᾼѬ ֥ѩ

иέ ҠѿὙ ҏכ RWN_NL2_VrXQv_T(  53b)ὑ Җ Ὼ֮ῶᾼ ⇔ ѩ

RWN_NL2_VrXQv(  53a)ɑϱ ֵȲ ᾼиӁ ᶮ Ὼ (  23a)ȷ

1400 UTCѬ ᾼ₣᾿ ϱẃכȲRWN_NL2_VrXQv_T(  54b)֯ ⁮ ѿ

цῺ֮ῶᾼῶ Л Ȳᵀ╥֯1.5еṭ ᾼ ⇔Ὑ Ȳῶ ȴ 

ѩ RWN_NL2_VrXQvRWN_NL2_VrXQv_TϚ֝װоᾼV (  

55)ȲҠѿ  55b ҖѠ ϱᾼ ѩ ᵅȲῶӱ֝оᴯ ϚḔ

ה ȷ  56aȳdиᵑⱢ RWN_NL2_VrXQvRWN_NL2_VrXQv_Tὑ

1400 UTCἸ 500mиέ ᾼ Ȳ RWN_NL2_VrXQvᾼ ֥ ѩ

RWN_NL2_VrXQv_TȲᵀRWN_NL2_VrXQvҖѠ ϱ ᵬᴫ⁮ ᴫ

Ȳᴖ RWN_NL2_VrXQv_T⁄ֵⱢᴫ ѹ Ȳѩ Ὼ ᾼ ᾓ(  

44a)ȲἬѿ RWN_NL2_VrXQv_Tᾼ ֥ ═ᴟ 1600 UTC(  56c)Ȳᴖ

RWN_NL2_VrXQv1500 UTCỞБ ᾎ ᵒ ᴯ (  56b)ȴ 

ᶙכХװᾼ֝о∟֝ ὑ1400 UTCỞ ᴩ Ȳ  57Ɫ2Њ ᾼ

​Ȳ RWN_NL2_VrXQv_T​ М֯ ֮ϱ(  57b)Ȳ (  17)ᾼᴯ

צ ȲT ⇔ Ὼȷ Є ֫ᾌ МRWN_NL2_VrXQv_T(  58b)

֫ᾌ ═ᾼ Ϸ  ȲRWN_NL2_VrXQv(  58a)⁄╥ 1600 UTC Ở

ҏ ᾼᾭᾓȲ ẞ RWN_NL2_VrXQv_TϚḔ Ӕ ה ṿ ֥

═  ᾼ Ȳ Ϸ╥ⱢШ RWN_NL2_VrXQv_TӢ ѹ═  

ᾼ ​ᾼ ╝ȴ 

 

4- 7 ᴎ S-PolKa ᾼ ἤ 

S-PolKa ▐ ὑ ᴎᾼ Ȳ Ἰ ⇔Лẞ10еѐȲ ẞ‍ Ὼ
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֮ῶᾼ ȲҔᵶ ѿцѬ Ȳ Ṇ ẔМϚ ѻ ᾼכ ​ ạ

Ɫᵐ ӻ כ ᾼὋсȲᴖ  Ὼ ᾼ⁴⇔ּפⱢ1еṭȲϷ ╥

ậ ֵἉ ᾼ Ȳ Ṇ ᾼ צ ȲtҒϱ᷉ ⱢS-PolKa

ᾼ ПϚȲ֪ױ и ᾼӭᾼ ╥ⱢϠ ᴎ S-PolKa

Ἤ ẃᾼ ⱢᴶȲṳиϮ и ᴩ ȲиᵑⱢ(1)Ғ֫ᾌȳ ֣

ᾼ Ȳ(2)ϚḔ֝о᷉ Ἤ Ӣᾼ Ȳ(3) ​ᾼῶ ȴ 

 

4- 7- 1 ҒϤ S-PolKa ֫ᾌȳ ֣  

ѩ S-PolKa ֫ᾌȳ ֣ ›∟ Ἰ500еѐ ᾼиέ

(  59cȳd)ȲҠѿ RWNS_VrXQv֯ Ἰ500еѐ ᾼ ֥ ѩRWN_VrXQv

ϱ ֵȲѹ ⇔ Ὼ (  59a)Ȳѻ ֪Ɫ S-PolKa Ӕֻᴯὑ

ӻꜜϱȲ Ἰ ⇔ϭᵅȲἬѿ ᶙ ᾼ ẞױ ֥ Ȳ ӻꜜ Ϸ֯МЄ

ᾼ вȲᵀ╥МЄ ᾼ Ἰ ⇔ ȲҒϱ ⱢԊṔ ᾼ …Ȳ

⇔ Ȳ ẞᾼἉ ▐ ὑ ᴎᾼ S-PolKaדѩ Ɫצ ȷ

 60ⱢМЄ S-PolKa 0.5⇔ԊṔ ⇔ о ȲӦὑS-PolKa

Ἰ ⇔ ᵅȲ ֝ 1еṭѿϯᾼ ȲS-PolKa ҠѿἋᴼᴟ70

еṭȲᴖМЄ Ҭצ 60еṭȲϷ ╥ ֯ ϱ S-PolKaצԒщᾼᴯ

Ȳ֪ױRWNS_VrXQv֯ ∂ ֥ ϱצ ֻᾼῶ ȴ 

ϚḔ ᶙכХ֝װоП∟Ȳ ᴩ ֥ ᾼ о ᶮȲ  61Ɫ

Ἰ500еѐ о ȲӦὑRWNS_VrXQv֝оϠ ֵᵅ ᾼ

Ȳ ᾼ Ɫᶙ Ȳ Ἦ Ȳ ֥ ᾼ ⇔ ȲT ὑ1500 

UTCЬҠ ֥ ᵑ ᾼᴯ (  61f)ȷᴖRWN_VrXQv֯ᶙכХ֝װо

П∟ ֥ ⇔Лֽ RWNS_VrXQvȲ֪ױ 1430 UTC― Ở (  61b)Ȳẞ

1500 UTCБ ᾎ ᵒ ᴯ (  61c)ȴ 
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4- 7- 2 ҒϤ S-PolKa ᷉  

ױ ПἬѿ ⱢҖ ẃ ​Ȳᴫ⁮ Ἤ ẃᾼ Ὲ ╥Ϛ

ᾼ֪ Ȳ֯ױ П›ᾼ М Ҭ֝צоМЄ ᾼ᷉ Ȳ֪ ᴯ

⁮ᾼ …Ȳ ѽ ⁮ ⇔ ᾼ Ȳ ҒϠ ᴎ S-PolKaᾼ᷉ Ȳ

Ҡѿ Ṝ иᾼЛṜ(  62b)ȲЛ Ғ Ἁה ᾼ ⇔Ȳ֯֝о ᾼϚ

Њ вϷ═ ẁ ϱ ᾼѬ Ȳ ᵗ Ṇ ᾼ ∂ȷѩ

RWN_NL2_VrXQvRWNS_NL2_VrXQvϚ֝װо∟ᾼ ȲҠѿ

RWNS_NL2_VrXQv(  63b) ϚḔ ҒϠ ⁮ ᾼ ⇔ȲѹᶙכϠХװᾼ֝о

П∟ Ḇצ ᾼ Ғ ֮ϱᾼ ⇔Ȳṿ ֮ϱ ᾼ ӻꜜḆҒὙ (  64b)ȴ 

Ѭ ᾼ ẃכȲRWN_NL2_VrXQvҬ ᵅҖ ᾼ ⇔(  65a)Ȳ

ᴖRWNS_NL2_VrXQvҒϤS-PolKaᾼ᷉ ∟ ϚḔ Ғ⁮ ᾼ ⇔Ȳѹ

ᾼ Ҡѿ ֮ῶἋᴼᴟ Ἰ1еṭҿҢ(  65b)ȴ 

 

4- 7- 3 ​ῶ  

 66Ɫ1400 UTCẞ1600 UTCᾼẒЊ ​ȲҠѿ RWN_VrXQv( 

66a)RWN_NL2_VrXQv ( 66c)ᾼ ​ ᶮ ЛЄȲ  Ὼ ​ ЄⱢ

60mmȲ ᷉ ᾼ֝о ЛὙ ȷRWNS_VrXQv( 66b)Ɫ S-PolKa

֫ᾌц ֣ ᾼ ὨȲẔЄ сϠ ​ Ȳ ​ Є 80mmȲᵀ

צѩד ⇔ ᾼ Ȳɲ ῺϚḔҒϤ ᷉ ᾼ (RWNS_NL2_VrXQv)Ȳ

ᵅ ⇔ ᾼ ᶮȲṳ Ӕ​ иӁᾼᴯ (  66d)ȴ 
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4- 8 Њ  

֯3еṭ ה έ⇔ᾼ֝о МȲה Ϡ᷉ ֯Л֝ ⇔֝оᾼ ᵑȲ

Ὠ ӱ ֯ ᾼᴯ ֝о᷉ Ȳ ṿѬ Ӣ ᾼ Ӕȷ ҒѬ ᾼᶝ

֮оҙ ӔḆЄ Ὼ֮ῶᾼ ⇔ ȲẒЊ ​ᾼиӁϷ Ὼ

Ȳᵀ╥ Ѭ цῺ֮ῶᾼ ֥ ῶ ȷ Ғᴯ Ӕ ⇔ ѹ

ӻד ἤ Ὼ֮ῶᾼѬ Ȳ ​ צ Ғᾼ ᶮᵀ ᴯ

צ ȷד ὑҬ֝оМЄᾼ᷉ ȳ ҒѬ ᶝ֮оҙ ц ᴯ Ȳ

Ғ ᴎS-PolKa֫ ᾌȳ ֣ Ḇצ ᾼ ∂ ȲᵀЛ צḥצ

֝оS-PolKa Ȳ᷉ ╓ ᾼ֝о ‍ ᾼᶝ ȲЛ ὔи צ ֝о

᷉ ᾼ ȴ 

ϯẃ RMSEѩ ֢ П ῶ ֕ᾼ ᶮȲ  68Ɫ Ѭה

ᾼRMSE о Ȳ Ɫ  67 Ѡ в ֮ῶἋᴼᴟ Ἰ

5еṭ Ȳ Ѭ иέ ὑ 1400 UTC RMSEᾼ ᶮẃכȲῶ ֻᾼ Ɫ

RWNS_NL2_VrXQvȲRWNS_VrXQvḥ֝צо᷉ ȲᵀЬ Ѭ

ẞ RWN_NL2_VrXQvד ᾼ ᶮȲ ӱ ᾼ ἤȷ֯֝о

в ḥ֝צо᷉ ╓ ȲѬ Ҡ ҏ Ғᾼ ᶮȲ҅ῶ֝о֫ᾌ

צ Ѭ Лṏᾼכ ȷӦּמᴥ ᴥ ѿц ᴥ ᴥ ὑ1500 

UTC ếᾼ ᶮҠѿכҏȲ Ở ᴩ ∟᷉ ᾼ֝о Єּפ ═Ϛ

Њ ҿҢȴ 

 69Ɫ1400 UTCהѬ RMSE ⇔ о ᶮȲ Ɫ מ67ּ 

ᴥѠ в ȲӦּמᴥ ᴥ ѿц ᴥ ᴥ ὑ Ἰ1еṭҿҢ ֥ᾼ

ᶮҠ ὙȲ᷉ ӔῺ֮ῶ1еṭᾼѬ ȷ֝о ⇔ ц ҒѬ

ᶝ֮оҙ ᵅἉ Ѭ ȲᵀϷצҠ Мכ Ѭ Ғᾼ ᶮȴ 
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 70aȳbⱢ֢  67 Ѡ в 1400 UTCỞ ​ᾼ ETS

оȲ  70aᾼ  ứⱢ10mmȲ҅ῶ ה Њ​ᾼ ῶ ȲҠѿ צ

Ғ S-PolKa ᾼẒ (RWNS_VrXQvȳRWNS_NL2_VrXQv)Ȳ֯›Ẓ

Њ ᾼи Ὑ ṾȲῶӱᵅ ᾼ ‍ Ȳ צ ᴯ

​ ⇔Ȳᴖѩ צ ᷉ ֝оᾼῶ (RWN_VrXQvRWN_NL2_VrXQvȷ

RWNS_VrXQvRWNS_NL2_VrXQv)ȲӦὑ ​ᾼ ‍ ᶝ ȲἬѿ֯ETS

ᾼῶ ϱ ṳЛὙ ȷ  70bᾼ  ứⱢ40mmȲ҅ῶ ה Є​ᾼ ῶ Ȳ

Ҡѿ ϚЊ ᾼ ​(1400ẞ 1500 UTC)Ȳ֯ӑ֝о S-PolKa ›Ȳ

Ғ ⇔ Ἠ Ғ Ѭ ᾼ ᶝ ֮ о ҙ (RWNS_NL2_VrXQv_Tц

RWNS_NL2_VrXQv_50km)Ȳ צ ᾼ Ғ ​ ⇔Ȳṿ ​ Ḇֻᾼῶצ Ȳ

҅ῶ Ӕ ה ϩ с ​ ϩȷᴖ֝оϠS-PolKa ᾼẒ

(RWNS_VrXQvȳRWNS_NL2_VrXQv)צ ֻᾼᵅ Ȳ ὑЄ​ᾼETS

ῶ ֝ Ϸ ὑẔ҃ᾼ ȴ 
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Хȳ Ғ έ⇔П ⇔  

ᵛ―᷉ ὑѬ о− Ȳ ӣẃḆ ᵅה ᾼѬ Ȳ›

ᾼ ╥ ᷉ ֝оὑ3еṭ έ⇔ ȲӦὑԒщϱ ᾼ ạȲ

᷉ ᾼ צ (ҙ 30еṭ)Ȳ ֝о∟ ​ ᾼ ‍ ᶝ Ȳ

ὨЛὙ Ȳᴖ Ғ ה έ⇔ ḆЊѐ⇔ᾼ ☼ Ȳ Мѐ⇔ ☼Ṇ

ᾼ ϩȲӐ ᾼ Ɫ ╥ᵡ Ғ ה έ⇔Ȳ с ᷉ ᾼ֝

о ȴ 

 

5- 1  

ⱢϠеӂᾼѩ ֝о֯3еṭ έ⇔ ֝о֯1еṭ έ⇔ ᾼ Ȳ

Ӈ ֝о☼ Ȳ֝о Мṿӣᾼ ֫ᾌȳ ֣ Ӧ ᾼD03

ᴖ ȲҔᵶХиЍȳМЄѿцS-PolKa ᾼ Ȳ ᾼ

έ⇔циӁ ᶮ Ԓ› ȷᴖ֝ד ᷉ ⁄╥ẃᴞ D04

ᴖ ȲҬצМЄѿцS-PolKa ẁ ᷉ ȲⱢϠ ֥3еṭ

έ⇔ ᾼ֝оȲḕ3еṭ ậϚ Ȳױ ᾎҠѿṿ 1еṭצ’ έ

⇔ᾼ ȲᵀϭЛ Ӣ έ⇔Єὑ ה έ⇔ᾼ ȴ 

 71ⱢϮеṭ ה έ⇔ ᾼ֝о☼ Ȳ Ԓ 1230 UTCỞḕ 15

и ᴩ ֫ᾌȳ ֣ ᾼ֝оȲ֝оὑ D03ה Ȳ Ԛ֝оХװȲӭ

ᾼ╥ⱢϠ∂Ӵṏֻᾼ ϩ Ԉѿц Ȳѿᵓ∟ ᷉ ᾼ֝оȲ Ӧ

╥ ᾼ ϩ ԈЛṾȲᵛ― ֻѬ ȲЬ ᾎצ Ḃ ​ (֯ ױ

ӑ ӱ)ȷ1330 UTCᶙכ ∟Ϛװ ֫ᾌц ֣ ᾼ֝о∟Ȳ ᴩ

᷉ ᾼ֝оȲ֝оὑ D03ה ȲϚ 15и ֝оϚװȲ Ԛ֝о

Ȳὑ1400 UTCӢиέװ3 Ṇ ӂᶁȲṳ 10Њ ᾼ ȴ ☼о֝ױ ᾼ
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֤ Ễ֤ⱢZVr1330_NL2_D03ȴ 

 72ⱢϚеṭ ה έ⇔ ᾼ֝о☼ Ȳ֝ 1230 UTCᴟ1330UTC

15и ὑD03ᴩ ֫ᾌц ֣ ᾼ֝оȲП∟ ndownᾼѠה Ӣ

1еṭ έ⇔ᾼ ה (D04)Ȳױ ᾎҠѿ ’ ᴩ ᷉ ֝о›D04

D03֝דצᾼῴỞ￼ ȲП∟ 1330 UTCᴟ1400 UTCḕ 15и ὑD04֝

о ᷉ Ȳ ∟ Ӣиέ Ṇ ӂᶁȲṳ 10Њ ᾼ ȴ ☼о֝ױ

ᾼ ֤ Ễ֤ⱢZVr1330_NL2_D04ȴ 

 73ⱢЛ ᴩ᷉ ֝оᾼ☼ Ȳ֝ 1230 UTCᴟ1330UTC

15и ὑ D03ᴩ ֫ᾌц ֣ ᾼ֝оȲП∟ ndownᾼѠה Ӣ 1

еṭ έ⇔ᾼ ה (D04)ȲП∟Л֝оԉᴶ Ṇ ᾿ẞ1400 UTCȲ

∟ Ӣиέ Ṇ ӂᶁȲṳ 10Њ ᾼ ȴ ☼о֝ױ ᾼ ֤ Ễ֤Ɫ

ZVr1330ȲӣẃᵂⱢ ȴ 

 

5- 2 Ὠ 

 74Ɫ1300 UTCᾼѬ иέ ѿцѬ ȲҠѿ Л ╥ ᷉

֝о֯ᴶ έ⇔ᾼ ϱȲ֪Ɫᶝ֮оҙ ứ֝דᾼ …Ȳ ᾼ Ϛ

(  74e-f)ȲT ZVr1330_NL2_D04֝ о᷉ ╓ Ѭ ᾼ Ӕ Є(  74f)ȷ

 75Ɫ1400 UTCѬ иέ ȲZVr1330_NL2_D03 ZVr1330_NL2_D04иӁ

ᶮЄ ᵀZVr1330_NL2_D04֝ד Ḇֵᾼצ’ (  75b)ȴ 

 76ẞ  77Ɫ1400ẞ1500 UTCᾼ Є ֫ᾌ Ȳ Ὠ ӱЛ

᷉ ֝оὑᴶ έ⇔ᾼ Ȳ Л֝о᷉ ᾼ ѩȲ֯ד S-PolKa

ὧ⁮ѠӢכϠϚ ᾼ ☼Ȳ ἏὧҖὧѠ (  76c-dȳ  77c-d)ȴ 

 78Ɫ1400ẞ1600 UTCẒЊ ᾼ ​Ȳ֝о ᷉ ṿ ѻ​
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ᾼὧ⁮ѠֵҏϠϚ ​ Ȳѹ ZVr1330_NL2_D04(  78b)ᾼ ​ ѩ

ZVr1330_NL2_D03(  78a)ֵϠ5 mmҿҢȲᵀ᷉ Ἤ ẃᾼ ӑֽ

ᾼὙ ȴ 

 

5- 3 Ḃ֝о☼  

ⱢϠ҉и 1еṭ έ⇔ ᾼ Ȳ ֝о☼ Ғ ᷉

ᾼ֝о ὨȲ ∟ᾼ֝о☼ ֽ  79ἬӱȲḆ ᾼ֮ѠצẒ ȲẔϚⱢ֯D03

ᴩ ֫ᾌ ֣ ᾼ֝оȲӭᾼ╥ṿD04צḆṏֻᾼ ꜜ ԈȲҫ

Ϛ Ɫ Ғ ᷉ ᾼ ⇔ȲӦ3еṭ έ⇔ сⱢ1еṭȲԒ›ᾼ Ɫ

Ϡ ֥3еṭ έ⇔ ᾼ֝о ȲἬѿ έ⇔ ạⱢ3еṭȲᵀ╥╠

ҒϠ ᾼה έ⇔ȲϚẆ Ғ ᾼ έ⇔И ẃ Єᾼ ȴ ☼о֝ױ

ᾼ ֤ Ễ֤ⱢZVr1400_NL2HR_D04ȴ 

1600 UTCᾼ ȲӦὑZVr1400_NL2HR_D04(  80d)צ ֻᾼ ꜜ

Ԉᾼ ╝Ȳ ZVr1330_NL2_D04(  80c)דѩȲᵛ― ẒЊ ᾼ Ȳ ֥

Ь ═֯ ⁮ ᾼᴯ ȴ  81Ɫ 1400 UTCЄ ֫ᾌ Ȳ

ZVr1400_NL2HR_D04֝ ֯S-PolKa ὧ⁮ѠצϚ ☼ Ȳѹ ⇔Ḇ (  81d)ȴ 

 82Ɫ1400ẞ1600 UTCẒЊ ᾼ ​Ȳ М Ɫ М30mm

​ ᴯ Ȳ ֝о☼ ∟ȲצϠḆṏֻᾼ ꜜ ԈȲṿ

ZVr1400_NL2HR_D04֯ ᴎҵ ӢϠ ֝ ⇔ᾼ ​(100mm)(  

82d)ȷ Ғ᷉ ᾼ ⇔Ȳצ ֮ ҒϠ⁮ ​ ᾼ ​ Ȳ ​ Єὑ30mm

ᾼиӁᴯ ϷḆ Ὼ ȴ 
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гȳ ӑẃ  

6- 1  

ӐׁשṅṿӣWLRASṆ S-PolKa ᷉ ᴩOSSEȲ╚

​ ṶԈᵂⱢ ᾼщ Ṇ Ȳ ϚṆԝ Ȳ Ӧ ᴷ Ғ

ѿц᷉ ​ ᾼ ȴ 

ᴩ᷉ ֝о›Ȳ Ӑ LETKFṆ Ṇ ד ἤᾼѠה

ה ᴩ ӔȲ ד ἤЛ Л צ ᾼЛṏ Ȳ ҵ Ѭ

Ҭ0.5צҿҢᾼד ἤȲᵀ￼ ᾼ ᴯ צ ᾼ Ȳṿ

ѩϚ ᶮ ẃᾼЄȲ ╥ ᾼӻד … иӁ ᶮצϚ Ȳ

ὔ ӢЛṏᾼ ӔȲ֪֝֯ױоᾼ М∂ ṿӣ ᶝ֮оᾼѠהȲ ֝о

֣ ЛḆ Ѭ ȴ 

֝о᷉ ẁ Ὼ֮ῶᾼה ⇔ ӔѬ Ȳ Ӕᾼ ὨҠѿ

֮ῶἋᴼᴟ Ἰ1.5еṭҿҢȲᵀ› ╥᷉ Ӈ Ὅ֯Ӕ ᾼᴯ ϱȲ

ᵛ―╥ ⇔ϱϚẒᴍеѐᾼ ᴯȲ Ҡצ ᾼ Ӕ Ὠȴ 

Ӧὑ ᷉ Ѡᾎᾼ ạȲ צ Ȳ ᾎ֯Ṇ ẞ П›ȲṶԒ

ה ᴩ ӔȲ Ғ ᶝ֮оҙ ᾼѠהȲ ṿ᷉ ᾼ

ЄȲ ᴖ ẞ › Ӕ ה ᾼ ὨȲᵀӇ ᾃ ֫ᾌ Ҡ ױ֪

ᾼѬ כ Ӕȴ 

֯›ϢᾼׁשṅМ╓ҏȲ ⇔ Ѭ ᾼ Ӕ ☼ѐ⇔ᾼщ Ϛứצ ⇔

ᾼ ᵗȷ ⇔ Ѭ ᾼד … Ҡ῀֝о ⇔ צ ϩ Ѭ

ᴩ Ȳ ҒϮ ⇔ ᾼ Ϡ᷉ ЛṜ Ȳ֝ Ϸ ӔϠ

ᾼה ⇔ Ȳ с ​ Єᾼ−צ ᵗȴ 
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TAHOPEМ ὑ ᴎ▐ S-PolKa Ȳ▐ ᴯ Ὼ Ỵ Ȳ Ἰ ⇔

Лẞ 10еѐȲ ẞѩ ᴩ Җ ᵂ ӣᾼ ᵅᾼ Ȳ Ὠ

ӱ Ӕ Ἁה Ȳ Ϡ צ с ​ ҵȲ  ᵗὑἋצ ═ ᾼ

ȲצϠḆֻᾼ ῶ ᾼ ԈϯȲԛ ᴩ ᷉ ᾼ֝оȲ ϚḔҐ

᷉ ᾼ֝о Ȳ ẞḆֻᾼ ​ ȴ 

Ғ ה έ⇔ Ϡ ה Њѐ⇔ ☼Ṇ ᾼ ⇔ȲϷ צ ᵓӣ

Ὲ έ⇔ᾼ Ȳѹ ᷉ ᾼ֝о ὨӇ ֯ ה

έ⇔ ẞϚеṭ И Ґ ҏẃȴ 

 

6- 2 ӑẃ  

ӐׁשṅἬ ᾼ Ɫ Ṇ Ȳ֯ ᾼṆ М ᾼֻ ѻ ​

ᾼכ Ȳ᷉ ᾼ֝о ѿ Ґ ҏẃȲ Ḃѿр∟ ☼Ṇ Ἠ῏

Ӑṝᾼה ϩ Б Л ᾼ ᴩ Ȳצᵗὑ᷉ ֝о Ὠ

ᾼиέȷSoWMEX צ ֮ ᴯד Ȳ (2019)ᾼׁש

ṅМכғᵓӣױ ч ᷉ ȲᵀỮӑצϢ ᴩ ᾼ᷉ ֝о

ȲӑẃҠѿᵓӣױ ᴩ֝о ᴷȴ 

Ӑׁשṅ Ϡ ֣ ҵȲ֫ᾌѿц᷉ ֯֝оᾼ М ḥצ ạḆ

ᾼ ה Ȳᵀ╥֯ ֝оῶ ᾼ М ϚṷЛ Ӕᾼ ᶮȲ

╥֫ᾌҠ ᵅ ⁮ Ὼ֮ῶᾼ ⇔ȲѹҒЄᶝ֮оҙ ᾼ ᾓ ҒὙ

Ȳ֪ױᴕ ḕ ֢ ה ᾼ Ӕ ὨȲṳѹ ᶝ֮оҙ Ϸ

Ϥ ӭȲ᷄ҏ Ṿᾼ֝о ứȴ 

Ӑ ṅשׁ Ɫᵅ ᾼ ȲЛ ╥ ȳѬ Ἠ╥ ⇔ Ȳ ὑ сщ

Ṇ ᾼ ⇔ẃ ╥ЛҠἨ ᾼȲᴖὙד TAHOPE ᴩ Ȳ ᴎ S-
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PolKa ╥ Җ ֮ Ἰ ᵅᾼ о Ȳד ὑẔ҃

ẁщ Ṇ ḆἉ ᾼ Ȳᴕ ᾼ Ȳ ᶦ Ғᵅ

ԊṔᾼ ṳ ᵅ ԊṔᾼ ȲӦS-PolKa юᾼἉ

ᴯ Ȳ ᾼ ⁄ӦẔ҃ ṜȲự Л ╥ ᴩщ Ṇ ᾼиέἨ῏╥

֝о Ȳ ѩצ ᶙ ѹ ᾼ ȴ 
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