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Ӑׁשṅṿӣ ϝᴟϟѣПМҶד2011-2021 ᶝԓ ֮ Ȳׁשṅ

ԈϯПр∟ ☼ Ở(convection initiationȲCI)ṶԈ Ȳṳ∂Ӵ ᾎр∟

☼ ỞṶԈ(cluster of convection initiationȲCCI)П ȴϚ ᴖṕȲ ☼ Ở(CI)ῶӱ

Ϛ ☼ ẞᾼ Ὲ Ȳᵀ ֮ ᾼ CI ѿכ ᾼѠד֯הᴿᾼ Ὲ

ӢȲ╝Ӑׁשṅ Ὲ ῺПCI╥Ɫד ṶԈȲᵛ ☼ ỞṶԈ(CCI)ȴ 

ṅМṿӣStorm Motion Analysis by Radar Tracking (SMART)Ṇשׁ ᷄ҏр∟ ☼ Ở

Ȳѿ ṶԈПṔ⇔ ѡр∟ ☼П ỞȲ צ ᾼр∟ ☼ ӢȲ⁄ ѡ

Ɫр∟ ☼ ỞṶԈ(CCI)ȲчПⱢῈṶԈ(Null)ȴ Ὠ ӱCCIṶԈ Ӣ ֯р

∟ ◕(13-17 LST)Ȳṳѿ14-16 LSTⱢѻ Ӣ ◕ȲṳѿМ צ П Ӣ ȴ֮

иέ ӱѬ ד ᾼ ὧᴫ и (U צ( Ὑ ᾼ ȴѿҖ ⱢẂȲ

р∟ ☼ ỞṶԈМȲѬ ֵѹ ֣в Ȳṿד ᴯ ȴU ⁄ч╣

ȲЛ ֯ CCIṶԈἨ NullṶԈМȲꞋצὙ ᾼ ȴ֯׀ꜜ ꜜ֯ CCIṶԈМ Ɫ

Җ ȲNullṶԈ⁄ Ɫ⁮ Ȳ ӱ ֯ NullṶԈ ‭ ⁮ ᾼ ȴ Ὲ ⁄ ӱ

CCIṶԈМȲМᵅ ֣Ɫᴫ⁮ ᾼѬ ֥ѩ( ֥ѩ)ּ0.5-1.5פ g/kgד

ᴯ KȲ 1.5-3.4פּ ӱ Ɫ ṳẓצ ֵ Ȳצᵓὑ ☼ ȴ 

ᾎ ԓ ֮ ц֮ иέἬכẞП ֥Ȳ ⇔ẗ

(probability of density functionȲPDF) о ⇔ẗ (normalized probability of 

density functionȲNPDF)ȲṳѿPDF П Ɫ ᴩр∟ ☼ ỞṶԈᾼ ȴ

Ὠẓצ ᾼ ╓ғכꜜ (critical success indexȲCSI)ּ0.63-0.83פȳ (probability of 

detectionȲPOD)ּ0.73-0.96פеӔ ԑ и(equitable threat scoreȲETS)ּ0.16-0.53פȲѿц

ᵅᾼ (false alarm ratioȲFAR)ּ0.14-0.25פῺ1ᾼ и(bias scoreȲBS)Ȳ

ӱ ᾎ ֮ ֥Є ֮ ᴩ Ẕצ ӣ ϩȴ 

ậӣ ᾼ ӱМ Җ ПѬ ד Ɫ ᾎᵒ
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ABSTRACT 

A fuzzy logic algorithm for convection initiation (CI) forecast utilizing 11-year surface 

observation data in July, August, and September in Taiwan is developed and investigated. The 

location and time of 10-year (2011-2020) weak-synoptic CI and non-CI events were identified by 

the tracking results of convective thunderstorms by Storm Motion Analysis by Radar Tracking 

(SMART). The surface characteristics from 191-232 automatic weather stations, namely 

temperature, relative humidity, water vapor mixing ratio (mixing ratio), equivalent potential 

temperature (—), U-wind, V-wind, wind speed and wind direction, for CI and non-CI events were 

investigated. 

The statistical results show that the CI event, under the weak-synoptic condition, mainly 

occurred during the afternoon hours (13-17 LST) with a peak occurrence between 14-16 LST with 

the highest occurrence frequency in the central Taiwan regions in Chiayi, Yunlin, and Changhua. 

The surface environment analysis revealed significant differences in moisture-related variables 

and the zonal wind component (U-wind). In north Taiwan, CI events have higher moisture 

propagated inland with the sea breeze, resulting in higher equivalent potential temperature (—). 

Both CI and non-CI events have evident boundaries of the U-wind, indicating the confinement of 

sea breeze to the southern region during null events. Sounding data show that during CI events, 

the lower to mid-level winds were southwest winds, the water vapor mixing ratio was ~0.5-1.5 

g/kg higher and the equivalent potential temperature was ~1.5-3.4 K higher. These indicate a more 

humid environment with higher energy that favors convection initiations. 

The probability density functions (PDFs) of all variables were calculated for CI and non-CI 

events. The normalized PDFs of each variable are derived as membership functions. The weighting 

of each membership function is determined by the reciprocal of the overlapping area of PDF. The 

self-check results from the fuzzy logic algorithm show high value of probability of detection 

(POD), success ratio (SR), and critical success ratio (CSI), as well as low probability of false 
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detection (POFD). An independent year (2021) of CI and non-CI events was applied to examine 

the applicability of the fuzzy logic algorithm. The results indicate that the scores gradually increase 

as the time approaching to afternoon (CSI: 0.60~0.70, POD: 0.76~0.84, FAR: 0.25~0.18). The 

results suggest the potential of utilizing the fuzzy logic algorithm for the CI forecast. 

Additionally, the usage frequency of each station of each variable demonstrated that water 

vapor the mixing ratio and the — in central and northern Taiwan were the primary variables for 

the fuzzy logic algorithm to determine CI events. This suggests that moisture-related variables in 

central and northern Taiwan have a significant influence on CI events. Other variables played 

auxiliary roles, with wind-related variables such as the U-wind component, V-wind component, 

wind speed, and wind direction. 
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1 Ϛ   

1.1 ›ṕ 

ᴯ ӻꜜȲҳỂ Ȳ֮ᶮ Ȳ ủ ∟рצ ☼ Ӣṳ ẃҠ

Ѭȴр∟ ☼ ὑМЊѐ⇔щ Ṇ ȲӢỄ Ȳצ⁯Ҡ ᾼ Ѭ ⇔ȲҠ

☻Ѝכ ȳ Ѭȳ ḳ Ȳ ῂ ϱᾼ ҷȲ֪ױ ῀р∟ ☼ Ӣᾼ

֮ ד ȲצᵓὑṮḳᵂ П ᴩȴ 

р∟ ☼ Ở֯Мѐ⇔ М╥ ϵѿẃᾼ╚ Ȳắ ὑ ц ᾼה ϩȲӭ›

ה ὑр∟ ☼ Ϛứᾼצ ȲᵀЬדצ ЄᾼḂ Ὲ Ȳ ᵑ╥ ѽὙ

ạᾼ ԈϯПр∟ ☼ȴ֪ױȲ ᷄ҏ р∟ ☼ Ở╥ᵡ Ӣᾼ ֪ ṳ

ѿױ ᵛ Ṇ Ȳ ὑ ᵂ ὑṮḳ Ḗצ Єᾼᵗ ȴ 

1.2 ѝ ֫  

ꜜ вᾼ֢ ᵂӣ ὑ ☼ Ởᾼ ‍ ЄȲֵ ☼ Ởד ṅⱢᵐשׁ

(Wilson and Mueller 1993)ȳ (Wilson and Schreiber 1986; Carbone et al. 1990)ȳ

(Owen 1996; Ziegler 1998)ԈϯП ☼ ỞȲю Ɫ֮ ֥(Cooper et al. 1982; 

Wilson and Schreiber 1986)(Byers and Rodebush 1948) ϯᾼד שׁ

ṅȴ Ϣ(2009a)Ὥ Ϣ(2012)ᾼׁשṅ╓ҏ ԈϯȲр∟ ☼ṶԈ Ӣ ᵡṳ‍

Ϛ֪ ḟứȲᴖ╥ ֵ ԈФד ᶮצכᵓᾼ Ȳ╝ṏֻᾼр∟ ☼

֥Ἤצ Ԉȴ 

ṅשֵׁ ☼ᾼᴯ ȳ Ӣ (Karr and Wooten 1976; Banta and Schaaf 

1987; Huang et al. 2017)Ȳ ☼ᾼ Ӣ М֯Мр ∟ѹ Ӣᴯ ֮ᶮ ц

צ֣ Єᾼ ȴKarr and Wooten (1976)ᵓӣ иέּר דּ Ἦֵא ☼ Ӣ

иӁȲ╓ҏ ☼ Ӣ֯♠ Ѝ ὧ Ȳṳѹ ᾼ ѿ ᾭᾼѠהӦ Є ᾘ

Ѝ ֣ӂ ֮ ἋᴼȴBantaSchaaf (1987)ᵓӣ ╦ ứᴯ ☼ῴӢᾼᴯ Ȳ ☼
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ῴӢᴯ ֮ᶮцЄѐ⇔ᾼ צ֣ ȴHuang et al. (2017)ṿӣ ϡ ╦ứᴯМ ὧ

☼ῴӢᴯ ц ṳ ᴩ иέȲ Ὠ ӱ ֮ 12ᴟ15צ ֵ ☼ῴӢ Ӣȴ

ᴖѹ ☼ῴӢᾼᴯ Є ҠиⱢЍ ȳѬ ȳЍѬӻꜜцẔ҃ Ȳ ӱ ☼ῴӢ ֮ᶮ

דצ Єᾼ ἤȴ 

ПҵȲױ ϯᾼ ϷҠᵂⱢ ☼ᾼ ạ(Pielke 1974; Ulanski and 

Garstang 1978)ȴByers and Rodebush (1948)╓ҏḥצ ѐ⇔ ϯȲ ᾼ ֥ р∟

Єᾼ−צ☼ ȴᴖGentry and Moore(1954)╓ҏ ᾼӻФᵂӣ р∟ ☼ᾼ₤

צ ȴ ᴿᾼ ᶮϷҠ֯ ☼М ȲWang et al. (2011)ׁשṅҖּרЄ ⁮

Ἤі ᾼ ☼ ȲẔ Ὠ╓ҏῺ֮ ȳЄѐ⇔₣᾿ ֪ ᾼ

ц ☼ӢỄ ⇔ כ ȴ 

Ϡ ẁ ạҵȲ ☼Ϸ ṿῺ֮ῶᾼ Ḇצᵓὑ ☼

(Watson and Blanchard 1984; Lin et al. 2011; Soderholm et al. 2017)ȴLin et al. (2011)ṿӣ2005-

Пד2008 ȳ ȳ Ὲ ֮ иέ Ԉϯ ֮ р∟ ☼֫ᾌ

⇔ Пῶ Ȳṳ╓ҏЄ Җ֮ р∟ ☼ Ở› צ ȴצр∟ ☼ṶԈ

Ȳ Ӧ Ѭᾈ ᾈ Ὲ Ϥ Җִ֮יȲṿ֮ ⇔ Ȳ

Ɫ Ȳṳִ֮֯יв ֥ᶮצכᵓ ☼ П ȴSoderholm et al. (2017)

Ѭ Ϥ ֮Ȳṳ Ӏ ᾼҒ ᶮכЛ ứᾼ ȴᴖв ֮ ⁄

ẁѬ Ȳ ꜜ ᾼҒ⁴ṿѬ ֣ϱ ȲԛӦϱῈᾼᴫ ӂ☼ᴟᾘ ֮ Ȳṿᾘ

֮ ϱῈҒ Ȳᶮצכᵓὑ ☼ ᾼ ȴ ҟᾼׁשṅ╓ҏȲ ☼ᾼ Ở Ѭ דצ

Єᾼ (Xue and Martin 2006a, b)Ȳ ꜜ вѬ g/kgᾼ 1פּ оᵛҠ כ ѡצ

р∟ ☼П (Weckwerth et al. 1996)ȴWeckwerth (2000)Ϸ╓ҏ ϯȲ ᾼ ꜜ

Ѭ Ẕ о ᵗὑצ ☼ Ởᾼ ȴ ӱ ꜜ вᾼѬ о ὑ ☼П Ӣד

Ȳ ṏֻᾼצ ꜜ Ѭ ⁄ҠѿḂ ☼ᾼ (Crook 1996; Fritsch and Carbone 

2004)ȴ 

ҟᾼׁשṅϷ╓ҏ ϷӇ דצ ᾼ Ԉ ֥И ṿ ғכ☼ Ȳ ϱῈ

ὑ ȳצ ᾼ Ἠ₣᾿ йȲ⁄ Ḁạ ☼ ϚḔᾼ (Ziegler and Rasmussen 
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1998; Cai et al. 2006; Wakimoto and Murphey 2009)ȴTrier et al. (2017)╓ҏЛᵓ ☼ᾼ֪ Ҡ

Ӧ₣᾿ὋсȲ ᵅ Ѭ ӂ☼ ȲṿЄ Ӣ ⁴ᾼЛ ứ ȴLin et al. (2011)⁄╓ҏ

М Є ѿϯП ∟рצ֯⇔ ☼ᾼѡІ Ȳ ᵑ╥Мᵅ П ⇔Ὑ

ȴ 

נ ᾼד ṅѿҵἋᾎשׁ ᴩ ☼ᾼ Ở ȲֽWilson et al. (1998)֥

ᴩ ☼ᾼᵛ Ἠ Dixon and Wiener (1993)Ӧ ☼ ӑẃ ☼Ҡ

Ӣᾼᴯ ȴᵀ ṷѠᾎṳ ᾎ ẁ ☼ӢכἨ╥ ᾼ Ȳ᾿ẞMueller et al. (2003)

ANC (Auto-Nowcast System)Ṇ Ȳ ֵ֥ ה ᴩᵛ ȲИ ẁ

в ☼Ҡ Ӣᴯ ȴLin et al. (2012)⁄╥ṿӣ Җȳ Ѭ Ϯ ֮

ὰ 00 ZП Ὲ ᾎ ᴩ08-12 SLT Є Җ֮ р∟П ☼ȴChang 

et al (2017)ὑMueller et al. (2003)Lin et al. (2011ȳ2012)ᾼ ϱȲṿӣ֮ ȳ

Ὲ ֫ᾌ ֥ ᾎȲ ֮ оᾼᵛ р∟ ☼ ȴẔ Ἐ

Mueller et al. (2003)ᴿȲᵀṿӣ ѻ ᴕLin et al. (2011ȳ2012)ᾼׁשṅ Ὠ Ẕ

ᾎ ֥Ȳ ᴩϚЊ Пᵛ ȴ 

 ṅӭᾼשׁ 1.3

МҶ ᶝ֯ԓ צ ᾼ֮ Ȳ ẁ цῈ ⇔ᾼ֮ ȴLin 

et al. (2011)Є Җ֮ ☼ Ở›ᾼ ꜜ ᶙצ ṅȲᵀשׁ ֮ᶮ ȲẔ҃

֮ צ ☼ ỞᾼׁשṅЬ ѽȴױҵȲֵ ṅⱢשׁ иέἨЄ₤ ПׁשṅȲ ю

Ɫ  иέȴⱢ Ẕ֮҃ р∟ ☼ Ở ȲӐׁשṅṿӣМҶ ᶝ

Ȳ ֮ Ȳ ᴩ ד2011-2020 ֮ р∟ ☼ ỞṶԈП

иέṳ᷄ҏ П֮ ȴ֯›ϢᾼׁשṅМ╓ҏ ꜜ вᾼ о ẘ ☼╥

ᵡ ӢȲ╝ׁשṅМṿӣẓצ Ὲ έ⇔ѹ  ᾼ֮ Ȳ Ẕ

ᾎ ֥Ȳ р∟ ☼ ỞṶԈП Ѡᾎȴ 

ӐׁשṅԚצг Ȳ Ϛ Ɫ ȴ ϡ Ɫ ṅѠᾎȲЮשׁ ṅМṿӣשׁ ȳ

☼ ỞṶԈПứ Ȳѿц ᾎП▐ ȴ Ϯ Ɫ ֮ CCIṶԈ ἤȲῴ
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Ḕ ֮ р∟ ☼ ỞṶԈ(CCIṶԈ)ᾼ Ὲ ȴ ҳ ⱢN1

Ȳиέ Җ צ CCIṶԈП ȴ Х Ɫ ᾎ р∟ ☼

ỞṶԈȲᵓӣ ᾎ ᴩр∟ ☼ ỞṶԈП Ὠ ȴ г Ɫ ӑ

ẃ ȴ 
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2 ϡ  ṅѠᾎשׁ 

2.1 ṿӣ  

2.1.1 МҶ ᶝQPESUM  

щ ​ Ṇ (Quantitative Precipitation Estimation and Segregation Using 

Multiple Sensor; QPESUMS)ⱢМҶ ᶝ֪ ╜ἈṮḳ ḖἬ Пᵛ Ѭ Ṇ

(Chang et al. 2009, 2021)Ȳв Ҕ╗ᵛ ȳ ȳ​ ц ד Ӣ ₇(ֽȸ

ứ Ѭᴷ )ȴQPESUMS֥ ᵂ цṮḳ Ȳ Ӑ цỂ Ȳ

ṳ֯ᴫа2004דϱ ᵂ оȴ 

QPESUMSẁ оᾼϡ цϮ Ȳ Ɫὧ 118ï-123.5ïȲҖ 20

ï-27ïȲῈ έ⇔Ɫ0.0125ïȲԚττρυφρ ȴ₣᾿ Ԛ21( ⇔1-5еṭ Ɫ

0.5еṭȲ6-17еṭ Ɫ1еṭ)Ȳ έ⇔Ɫ10и ȴ 

ӐׁשṅṿӣQPESUMSϮ ậ₣᾿ϱП Є ϡכ ᾼ ֫ᾌ Ȳ

ᴩ ☼ Ȳṳṿӣ ѡ Є ☼ ѡІȴ 

2.1.2 МҶ ᶝ֮  

Ӑׁשṅ֮ ẃᴞМҶ ᶝἬ Пԓ ȲҔᵶ

цᴞ ȲẒ῏Ꞌ ẁ (P)ȳ (T)ȳד ⇔(RH)ȳ (WS)ȳ ֣(WD)П

ȴױҵȲ›Ϣׁשṅ ӱѬ р∟ ☼ Ὑצ (Lin et al. 2011Soderholm 

et al. 2017)Ȳ╝Ӑׁשṅ ҵ Ѭ ֥ѩ(ѿϯ ֥ѩȲMR)ȳד ᴯ (—)ȳὧᴫ

и (U ) ⁮Җ и (V )Ȳ ϚḔ ֮ ד П ȴ 

֮ П Ϡӣὑ ѡІПҵȲѻ ӣὑ ֮

Ȳѿц∟ ᾎ р∟ ☼ ỞṶԈП ӣȴ 
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2.1.3 Ὲ  

МҶ ᶝὑׁשṅ в ὰצ (46692)ῧ (46699)Ẓ Ὲ Ȳḕѡ ᴩ2

װ ῈЄ П ᵂ ȴӐׁשṅṿӣὰ П Ὲ иέ₣᾿П ȳד ⇔ȳ

Ѭ ⁴⇔ȳ ֣П ȴ 

2.1.4 ☼  

Dixon and Weiner (1993)ҏϚ ὑ ☼ ᾼ ᾎȲМҶЄ

⅍ ױ ᾎҒѿḂṏȳ SMART(Storm Motion Analysis by Radar Tracking)Ṇ

(β ′ᵄ 2019ȷ Ӟ  2021ȷ Ἥ  2022)ȴSMARTṆ Ҡѿ ứᾼ֫ᾌ  (Ὕ)ц

(Ϯ ⁄Ɫ )  (Ὕ) ᴩ ☼ ȴ ѬṆ ֫ᾌ ЄὑὝȲSMARTṆ

Ԍ Ɫ ☼ Ȳṳᵓӣ ᴩ ᴶ ֥Ȳ ᴖ ẁ ☼ ᾼ (ֽ Мїᴯ

ȳ ȳ   ȳ Ṕ )ȴ ᴖṕȲ ЄᾼὝ ẞ ᾼ ☼ Ȳᴖ Њ

ᾼὝ ẞ ᶙ ᾼ ☼Ṇ ȴⱢṿ ☼ Ở(CI) Ӣῴ ᵛ SMARTṆ Ȳ╝ Ὕ

Ὕиᵑ Ɫ30 dBZ5 ὯάȲṿ ☼ ֯נ Ӣῴ ᵛ ẞȲ ю ϱП Ȳ

ṳ ᵍ‍ ֫ᾌ ᾼכ ᵒȲѿᵓ∟ иέȴ 

SMARTṆ ӼҠ ᴩ ☼ Ȳṳᵒ ╥ᵡⱢи П ☼ ȴẔ ἘⱢ Dixon 

and Weiner (1993)Ἤ ҏᾼѠᾎȲӦ ȳ Ԉ∂ӴכӐẗ (cost function)ȲṳҒϤ

Л (β ′ᵄ 2019)ᾼ ἘȲ ЊоכӐẗ Ȳᵛ᷄ҏ›∟ ☼ ᾼ Ṿ ֥ȴ

ᴖᵒ ╥ᵡⱢи П ☼ ⁄╥ Dixon and Weiner (1993)ҏᾼѠᾎȲᵓӣ ц֫

ᾼ ἘȲ ᴷ ☼ ὑϯϚ Ἠ›Ϛ ᾼᴯ Ȳ ᵒױ ☼ ╥ᵡⱢи

П ☼ ȴӐׁשṅ ṿӣSMARTṆ П ὨȲ╥֪ӭ Ɫ ѡр∟ Ӣ ☼

ỞṶԈȲᴖиԝ╥ Ӣ֯ ☼ᶮכП∟Ȳ╝ ☼ и ὑCIứ ЛЄȴ 

2.2 ứ  

Ӑׁשṅ֯ס Ԉϯ ֮   р∟ ☼ Ởᾼ ἤȲ צ ֮  
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(2011-2021ᾼ7-9ѣ)в ҏ ᾼѡІȲ╝ Ӧ ᾎ(β ′ᵄ 2019)

QPESUMS МҶ ᶝ֮ ᷄ҏṳ ѡІȲѿ ϯ ѡІȴ

ӐׁשṅԒṿӣ2020דᾼ ᴩ иέ Ȳ ứױ ֥ ᾼ ẗ ᶮᾭȲṳ

Ṿо ╓ғכ ᷄ҏ П ᴕ Ȳ֢ П ẗ ֽϯȸ 

1. ѡ Є ☼  

SMARTᴩ ☼ ∟ ȲẔМП ☼ ӣẃᴕ ╥ᵡⱢ

Ԉȴ ☼ ắṆ ѐ⇔ᾼ Ȳ֯ Ԉϯὔצ Єᾼ ☼ ӢȲᴖ

Ԉ⁄דчȴֽ 2.1ἬӱȲӐ П ᴕ 24,000ӂѠеṭ (ϮиПϡ )Ȳ

П ẗ ứ ֽѠ  Ἤӱȸ(2.1)ה

Њὑ ὑ24,000ӂѠеṭ Ȳױ и Ɫ0-1П ἤв ȷ Єὑ24,000ӂ

Ѡеṭ Ȳ⁄и ỆứⱢ1ȴ 

 ẗ

ѡ Є ☼
ȟ ѡ Є ☼ ςτπππ

ρȟ ѡ Є ☼ ςτπππ
 (2.1) 

2. Ṿ Пѡᶁ  

ứ ϱᾼ᾿ Ṽ Ɫ ⇔ПЄЊȲױứ Ҡ ᴟ ȴ ѡ

Ȳ⁄Ɫ Ԉᾼ Є(ֽ ᴫ⁮ ☼ȳ )ȷчПȲ ѡ Ȳ⁄Ɫ

Ԉᾼ Єȴᵀ╥ȲӐׁשṅПׁשṅ Ɫḕד 7-9ѣȲҠ ắẞ

ᴖṿѡᶁ Ȳ╝ ẗ Ɫ ȴӐ П ᴕ 4.5 m/s11.5 m/sȲиᵑ҅

ῶắẞ П Ẕ҃щ Ṇ Ἤ ᾼכ ȴ П ẗ ֽ

2.2ἬӱȲứ ֽѠ  Ἤӱȸ(2.2)ה

Њὑ ὑ 11.5 m/sȲѿ 4.5 m/sⱢ 0֣ Ẓ ἤ Ғᴟ 1ȷ Єὑ

11.5 m/sȲ⁄и ỆứⱢ1ȴ Њὑ4.5 m/sȲҠ ╥Ὑ ắẞ Ȳ

ᴖṿ ‍ ȷᴖ Єὑ11.5 m/sȲ⁄Ҡ ╥ắẞὧҖủ Ἠ Ṇ

ȴ 
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 ẗ

ừ
Ử
Ừ

Ử
ứ

ѡᶁ Ȣ

Ȣ
ȟѡᶁ τȢυ

Ȣ ѡᶁ

Ȣ Ȣ
ȟτȢυ ѡᶁ ρρȢυ

ρȟѡᶁ ρρȢυ

 (2.2) 

3. Пѡᶁ  

П ᴕ 6 m/s10 m/sȲ Ṿ Ȳиᵑ֝ד Ẕ҃

щ Ṇ Ἤ ᾼכ ȴ П ẗ ֽ 2.2ἬӱȲứ ֽѠ  Ἤӱȸ(2.3)ה

Њὑ ὑ10 m/sȲѿ 6 m/sⱢ 0֣ Ẓ ἤ Ғᴟ1ȷ Єὑ10 m/s

Ȳ⁄и ỆứⱢ1ȴ ᴿὑ Ṿ Ȳ Њὑ6 m/sȲҠ ╥Ὑ ắẞ

Ȳᴖṿ ‍ ȷᴖ Єὑ10 m/sȲ⁄Ҡ ╥ắẞὧҖủ ȳᴫ⁮ủ Ἠ

Ṇ ȴ 

 ẗ

ừ
Ử
Ừ

Ử
ứ

ѡᶁ
ȟѡᶁ φ

ѡᶁ
ȟφ ѡᶁ ρπ

ρȟѡᶁ ρπ

 (2.3) 

4. Њ Пѡᶁ  

Њ П ᴕ Ɫ3 m/sȲ֪ⱢẔᴯὑ⅜ὧҵ Ȳ юắẞ Ȳѹ ☼ ẞ

Ӑ ∟ ☼Ȳṿ Пϱ Ɫ Ȳ֪ᴖ צ ᾼ ӢȲ⁄҅ῶצщ

Ṇ ȴֽ 2.2ἬӱȲ П ẗ ứ ֽѠ  Ἤӱȸ(2.4)ה

Њὑ ὑ3 m/sȲи ѿ ἤᾼѠהӦ0 Ғᴟ1ȷ Єὑ3 m/sȲ⁄

и ỆứⱢ1ȴ Єὑ3 m/sȲҠ Ὑ ắẞᴫ⁮ủ Ἠ Ṇ ȴ 

 ẗ

ѡᶁ
ȟѡᶁ σ

ρȟѡᶁ σ
 (2.4) 

∟ ҳ ӭᾼи ϱ П (ῶ 2.1) ᴩҒ ӂᶁȲᵛҠ ẞ ѡᾼ иȴ

ṿӣ2020דᾼ ∟Ȳ ứⱢ0.3и Ȳᵒ Ὠ Ṿȴᵛ ѡ иЄ

ὑ ὑ 0.3и Ɫ ԈȲчП⁄Ɫ ԈȴӐׁשṅ ד2011-2020 П

иέ Ԛ164צщ ԈȲӣὑ иέ ᾎП Ȳᴖ2021דП39щ

Ԉѡӣὑ ᾎП ȴ 
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2.3 р∟ ☼ ỞṶԈ(CCI)Пứ  

2.3.1 ☼ Ở(CI)и   

☼ Ở(CI)Пứ Л֝ᾼ ἤцׁשṅӭᾼᴖḂ ȲϚ ҠиⱢ ☼Ṇ

П ṆӢכ ☼Ṇ ẞ ứ ⇔П Ȳ›῏ⱢӢכ Ȳ ѿ ⱢѻȲ

ᾎ щ ẞȲ∟῏Ɫ Ở Ȳ Ởצ​ ӢȲҠ ẞȴӐׁשṅṿӣ

щ П ᴩCIПᵒ Ȳ╝Ɫ Ở ȴֵ ṅṿӣ֫ᾌשׁ ᵂⱢ ᾼ  

(Wilson and Schreiber 1986; Wilson and Mueller 1993; Medlin and Croft 1998; Outlaw and 

Murphy 2000; Dixon and Mote 2003; Roberts and Rutledge 2003; Mecikalski and Bedka 2006; 

Lima and Wilson 2008; Frye and Mote 2010; Davini et al. 2011; Weckwerth et al. 2011; Duda and 

Gallus 2013; Kain et al 2013; Burghardt et al. 2014; Clark et al. 2014; Lock and Houston 2014; 

Chang et al. 2017)Ȳю ṿӣ Ѭ ᴩ ȴᵀ╥ȲCIὔ Б Ӣᾼ ☼ṶԈᾼҵ

☼ Ȳ ױ ₤ᾼCI ⁄ ҵᾼ Ғ Ԉȴֵ ṅשׁ ᵒ CI╥ᵡⱢ

Ӵ ☼Ἠ Ẕ Б ᾼ֯׀ ☼П Ɫ ԈȲ ‍ Ӵ ☼Ἠ╥ Њὑ

ứ  ⁄ ȴӐׁשṅṿӣSMARTṆ ᴩ ☼ ∟Ȳ ḕ

Ὠᾼ Ϛ ⱢῴḔᾼCIȴױҵȲⱢϠ ắẞҵ ☼ ᴖ ӢᾼCIȲӐׁשṅ

ϚḔ ḕϚ ῴḔᾼ CI ᴩӻϿѩ Ȳ᷄ҏ Ӣ 20и ѿϱ(ᵶ)ѹ Њὑ 5

еṭП CIȲ ҏắẞҵ᷄ױ ☼ ᾼ CIȴᴖױ ԈӼ Ϛ◕ ∟Ȳ ᴿᴯ П CI

ȲᵀӐׁשṅ֯ס ☼ṶԈП ԈȲ╝ױ Ԉ ПCIẔ П Л

֯Ӑׁשṅ ȴ ∟ ῴḔᾼCIל ϱ ắ ᾼCI∟ȲᵛⱢӐׁשṅ ⱢП ᾼ

CI ȴ 

ṅ╓ҏשҵȲ›Ϣᾼׁױ CI Ӣᾼᴯ ֮ᶮ דצ Єᾼ (Karr and 

Wooten 1976; Banta and Schaaf 1987)Ȳᴖ ᾼЍ ṛ֣ Ỵ иӁ о ЄȲᵛṿד

ӀȲ╝Ӑׁשṅ ֮ CIиӁ ᶮ ᴩи (Romatschke and Houze 2010; Lin 

et al. 2011; Huang et al. 2017)Ȳ ױ Ӵḕ Ȳ ᵍФדД ᴖ ὨȲѿᵓ∟
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ȴ 2.3Ɫ вПCIӁ ȲẔ ӱ ֮ϱПCIֵ Ӣ֯р∟ѹ М֯Ѝ

֮ פּ) Ἰ500 m)Ȳᴖ ϱCIѻ Ӣ֯ ỏṳѿὧѠ ⁮Ѡ Ɫѻȴ ϚḔ р

∟CI כ ⇔иӁ ( 2.4ȳ 2.5ȳ 2.6 2.7)ṳ᷄ҏ ȲẔЄ ҠиⱢЍ ֮

ᾼSȳC1ȳCCȳC2цN Х ӕ ֢ᴞ Д ᴯὑẔвᾼІ Ԛ10ȲѿцЍ

(M )ᾼ9 І ȴḕ І СϡᴟϮ П҅ ȲỄ֤ ⁄ֽϯȸ 

1. ῶӱ ᾼ֮ и ȸ 

Ṽ ⁮ȳМȳҖ Ѝ иᵑ С ᾼSȳCȳN M ѝֿӕȴ 

װ .2 ҅ῶ⁮Җד ᴯ ȸ 

a. ⁮ ( ⱢS)ȳҖ ( ⱢN)Ѝ ( ⱢM)̔ῶІ ⁮Җד ᴯ

ȸ 

Ӧ⁮ᴟҖѿ Ἦᵄ ֿ1 Ở ӱ֢ ӕ вПІ ⁮Җד ᴯ ȴ 

b. М ( ⱢC)Ȳ҅ῶӕ ⁮Җד ᴯ ȸ 

Ӧ⁮ᴟҖṼᶧⱢ Ἦᵄ ֿ1ȳ ѝֿӕC(ậcenterП )  Ἦᵄ ֿ2ȴ 

3. Ϯ ҬӣὑМ ᾼӕ вȲ֯C1 C2ᾼӕ МȲѿ ѝֿӕW Eиᵑ҅ῶ

ᴫ ὧ ȴ 

2.3.2 ☼ ỞṶԈ(CCIṶԈ)Пứ ᵒ  

ҟᾼׁשṅֵѿּר Єӂ ᾼCIⱢׁשṅӭ ȲѹЄֵ CI╥ѿ ᾼѠהҏ ȴ

ᴖ ֵ ᾼ֮ᶮṿ CIᾼ רּ Єӂ צ Єᾼ Ȳ ᾼ CIֵ ѿɦכ ɧ

ᾼѠה ӢȲ╝ CIᾼ ṳЛ ӣȴӐׁשṅ᷄ҏḕѡ Ὲ ῺПד CIȲṳ ɦ Ԓ

ӢᾼCI ɧứ Ɫ ☼ ỞṶԈ(cluster of convection initiationȲCCI)ȷᴖḥצCCIṶ

ԈᾼѡІ⁄Ɫ ῈṶԈѡ(Null)ȴ 

ѿϯⱢCCIṶԈПᵒ ☼ Ȳ 2.8Ɫ☼ ȴ Ẕ ӣ 2.4Мᾼḕ І ᵛ

Ҡ ẞCCIṶԈѡ NullṶԈѡП ȸ 

1. SMARTП ☼ Ὠ ᴩ Ȳḕ Ὠ Ɫ ӴПCIṳ ắ

ҵ ☼ ПCI (ᵛ2.3.1)ȴ 



11 

2. ᵒ ֯ Ϛ CIҏ ›╥ᵡБ֫צᾌ֯׀Ȳ צ Ԓ֯׀П֫ᾌ֯׀Ȳ⁄ ѡ

Л ⱢCCIṶԈѡ(v NullṶԈѡ)ṳ ḇᵒ ȷ Ԓ֯׀П֫ᾌȲ⁄ ϤḔ

3ȴ 

3. ṿӣϚЊ ᾼ ḕ ᾼCI Ȳ ẞCI П оȴ

Ϛ ד Є ӢП Ἤ֗ԝПCIⱢ CI (CCI)ȴ Ϛ ד

Є Ȳ⁄ậ ᾼנ ПCI (CCI)ȴ 

4. ⱢϠѠ―∟ иέȲậҏḔ 3ПCI (CCI)ḕ CIᾼ ӂᶁ Ȳѿױ

ӂᶁ ⱢCCIṶԈП Ӣ ȴ 

2.4 ᾎП▐  

ד ὑ›Ϣׁשṅ(Lin et al. 2012Chang et al. 2017)ṿӣֵ (ֽ ֫ᾌ Ӣ ȳ֮

ȳ Ὲ ) ᴩ ȲӐׁשṅ ṿӣԓ ֮ П ᴩ Ȳ Ϡ

֪Ɫ֮ ẓצ Ὲ έ⇔ṳצ  П ȲϷ֪ⱢӐׁשṅ

иέӭ Ɫ CCIṶԈȲẔ Ӣ› ֫ᾌ ẁП Ẕצ ȴ 

Ӑׁשṅ ӣП Ɫ ȳד ⇔ȳ ֥ѩȳד ᴯ ȳU ȳV ȳ ֣ȴ

ṅМשׁ ֢ П ẗ Ȳṳ ṿӣПḕ ḕ Ɫ Ӵ

П ֪ІȲṳᴕ ᶙ ⇔ Єὑ(ᵶ)50 %ȲԚּ191-232צפ ( ӭ )

цϥ ȴӦὑ ЄȲӐׁשṅᵓӣ ᾎצ ֮ Є ֥Ȳ ᴩр

∟ ☼ ỞṶԈП ȴ ▐ ֽ 2.9ἬӱȲ2.4.12.4.2Ю ֽᴶứ

ẗ Ȳṳѹὑ2.4.3Ю иП Ѡה П ứȴ 

2.4.1 ẗ (ἵἭἵἪἭἺἻἰἱἸ ἮἽἶἫἼἱἷἶȲ╜╕) 

ẗ ӣὑᵒ Ϥ Ἤ ПҠ ἤȴи Ὼ1ȲῶӱҠ ἤ ȷчПȲ

Ὼ0⁄Ҡ ἤ ᵅȴ ẗ ҠӦ П ⇔ẗ (probability density functionȲ

PDF)ᾼиӁᴖứȲ ϱֵⱢ ᶮȳϮṔᶮȳ ◕Ἠ иӁ(Mendel 1995)ȴᵀ╥ȲӐׁש

ṅ ֪ІꜙֵȲ ᾎ ϚϢЏứ ȴ╝Ḗậ о ⇔ẗ (normalized probability 
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density functionȲNPDF)ȲṳѿױⱢḕ ֪ІП ẗ (Cho et al. 2006)Ȳ ױ ẞᴞ

о ֢ ֢ П ẗ Ȳṳ֝ ᴕ ṶԈ Ӣ Ԉ Пӭ

ᾼȴ 2.10Ɫӱ ȲᴖѠᾎֽѠ (2.5)ה (2.6)Ἤӱȸ 

 ὖὈὊὼ  (2.5) 

ὼⱢ ȷὥⱢ Пϯ ꜜȷὦⱢ Пϱ ꜜȷὲ ὔиᵑⱢ ֯ вП

ṶԈ ṶԈ Ӣ ȴ PDF∟ȲᵛҠ Ѡ ᴩ(2.6)ה ȲḖậNPDFȸ 

 ὓὊȟὼ ὔὖὈὊȟὼ
ȟ

ȟ ȟ

 (2.6) 

ὼⱢ ȷὭⱢ ȷὮⱢ ᵑȴи Ȳῶӱ ֪І Ɫ ѡⱢCCIṶԈᾼ

Ҡ ἤ ЄȷчПȲи Њ⁄ⱢCCIṶԈᾼҠ ἤ Њȴ 

2.4.2 (weightȲ◌) 

ḕ ֪ІП ⇔Л ד Ȳ֝╝іϤ Ғ ֪ІП ϩȴֽ 2.11

ἬӱȲ CCIṶԈ NullṶԈПPDF ЊȲῶӱ ᵑ⇔ Ȳᵛ ἤ Єȴ

ѠᾎҠӦCho et al. (2006)ҏПױ Пчѩ ȲѠᾎֽѠכ (2.7)ה (2.8)Ἤӱȸ 

 ὃ ВάὭὲ ὖὈὊ ȟὖὈὊ  (2.7) 

 Ὓ В В
ȟ
ȟύȟ

Ⱦ ȟ
 (2.8) 

ὃⱢ ȲЮὑ 0-1П ȷὛⱢἬצ Ἤצ П чѩП ếȷύⱢḕ

ḕ П ȴ 

Ѡᾎױ Ɫ ⇔ᴞ оȲ ᴞ ֢ ẗ П ЄЊȲ П …ṳ

‍ ӴȲ ᾎ ЄЊȲᴞ П ЄЊȲṿẔЛ ὑṼ

ứ ᵑП ȴӐׁשṅП ֪ІԚצϥ Ȳṳ‍ḕ ֢ᴞ Ӵᴖἒצױ Ȳᵀ

Ѡᾎױ ᾼPDFП ᴞ Ȳ ᵍ ⇔Ṽ ứ П ȴѿד

ᴯ ⱢẂȲẔ ȳד צ⇔ Ȳᵀ иέ Ὠ ӱẔ ᵑCCIṶԈ NullṶԈ

П ϩ ὑ ד ⇔ȴ и ϱᴞ Сד ᴯ Єᾼ Ȳ ד

צ⁄⇔ Њᾼ Ȳ ױ ю ὑ ד ⇔ПṼ Ȳ ױ ẞ ᴿҬậӣד ᴯ
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П Ἐȴ 

2.4.3  

П ẗ ד ∟ȲᵛҠ ẞ ᾎП и(fuzzy scoreȲὊὛ)Ȳ

ѠᾎֽѠ Ἤӱȴ֪(2.9)ה ẗ ꞋЮὑ 0-1П Ȳ иⱢҒ ӂᶁП ἘȲ╝

Ҡ Ɫ0.5иȲѿᵓᵒ ȴ ѡ иЄὑ ὑ 0.5иȲ⁄ Ɫ CCIṶԈȷчПȲ

иЊὑ0.5иȲ⁄ ⱢNullṶԈȴ 

 ὊὛ В В ύȟϽὓὊȟ (2.9) 

2.5  

Ɫ о ᾎП ὨȲ Ϡ ӱ и Ẕ Ӣ ПҵȲϷṿӣ

(probability of detectionȲPOD)ȳ (probability of false detectionȲPOFD)ȳ

(false alarm ratioȲFAR)ȳכғ (success ratioȲSR)ȳ и(bias scoreȲBS)Ȳѿц

Schaefer (1990)ҏП ╓ғכ (critical success ratioȲCSI)еӔ ԑ и(equitable 

threat scoreȲETS)╓ ᴩ оȴ ὨṼ ᾎП и╥ᵡ иⱢ

ҳ Ȳἒױ …ֽῶ2.2ἬӱȲ֢ ứ ֽϯἬӱȸ 

· ỄМ(hitȲH)ȸ ѡⱢCCIṶԈѡѹ ᾎ иЄὑ ὑ0.5иȴ 

· (missȲM)ȸ ѡⱢCCIṶԈѡȲᵀ ᾎ иЊὑ0.5иȴ 

· (false alarmȲFA)ȸ ѡⱢNullṶԈѡȲ ᾎ иЄὑ ὑ0.5иȴ 

· Ӕ ᵑ(correct rejectȲCR)ȸ ѡⱢNullṶԈѡѹ ᾎ иЊὑ0.5иȴ 

Ὠи ∟ȲᵛҠ ֢╓ Пứ ╓ Пи ȲѿϯⱢ֢╓ Пứ (Ѡ

2.10ᴟ2.17)Ẕה Ȳᴖ╓ П ֽῶ2.3Ἤӱȸ 

· (POD)ȸ 

 ὖὕὈ  (2.10) 

PODⱢ ᾎӔ CCIṶԈП ϩȲи Юὑ0-1П Ȳ Ὼ1иῶ ֻȴ 
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· (POFD)ȸ 

 ὖὕὊὈ  (2.11) 

ᴿὑPODȲPOFD̔ῶ ᾎ П ⇔Ȳᵛ NullṶԈ ᵒⱢCCIṶԈП ⇔ȴ

POFDПи Юὑ0-1П Ȳ Ὼ0иῶ ֻȴ 

· (FAR)ȸ 

 ὊὃὙ  (2.12) 

FAR֝ ᵧ ᾎ П ⇔Ȳᵀ ὑ ὨⱢCCIṶԈ ᾼ ⇔ȴи

Юὑ0-1П Ȳ Ὼ0иῶ ֻȴ 

ғכ · (SR)ȸ 

 ὛὙ ρ ὊὃὙ  (2.13) 

SR҅ῶ ᾎ ⱢCCIṶԈМȲכғỄМПῶ ȴи Юὑ0-1П Ȳ Ὼ1ῶ

ֻȴSR FARⱢФ …ȲSRѻ ӣὑἤ (ֽ 5.4)ȴ 

╓ғכ · (CSI)ȸ 

 ὅὛὍ  (2.14) 

CSIϷ Ɫ ԑ и(threat scoreȲTS)ȲⱢ ֥ᴕ ᾎПỄМȳ ∟ПӔ

ȴи Юὑ0-1П Ȳ Ὼ1иῶ ֻȴ 

· и(BS)ȸ 

 ὄὛ  (2.15) 

BSγ ᾎ ⇔ П ⇔Ȳи Юὑ0ᴟ ЄȲ Ṿи Ɫ1иȴ BSЄὑ

1и Ȳῶӱ ֵȷBSЊὑ1и Ȳῶӱ ֵȴ 

· еӔ ԑ и(ETS)ȸ 

 ὉὝὛ  (2.16) 

 Ὑ  (2.17) 
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ὔⱢ Ӑ ȲὙῶӱ Ӧ ỄМП Ȳᵛ П ἘȲ╝ ETSⱢל

∟Пῶ Ȳ ḆⱢⅎ ῶӱ ᾎП ϩȴẔ иЮὑ ρȾσᴟ1иП Ȳи

Ὼ1иῶ ֻȲи 0иⱢ Ȳ ρȾσῶӱ Пῶ ᾎṾȴ 

Ӧϱ П֢╓ Ҡ о ὨȲṳ ἤ (Roebber 2009) ӱPODȳSRȳCSI

BSȲ ֢ и оѿᵓᵒ ȴ 
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3 Ϯ  ֮ CCI ṶԈ ἤ 

Ӧ 2.3Ҡ῀ ֮ ᾼ ֮ CIМ Ӣ֯р∟(12-18 LST)ᾼЍ Ể Ȳᴖ ϱ CI

⁄ ᾛиӁ֯ ϱṳѿ ỏᴟ (22-06 LST)ⱢѻȲѹϭѿὧѠ ⁮Ѡ Ựֵȴ 3.1

ⱢCCIṶԈ Ӣ ⇔П … ȲҠṓҖ ⁮ ᾼ Ӣ ⇔ ҒᴖἋ∟Ȳ

ᵀҖ ᾼ ЛὙ ȴМ ⁄ᵧ ⇔ ᾼ ᶮȲҠ ֪ⱢМ ᾼи צ

Ὑ ֣ϱ(ὧᴫѠ֣ϱ)П ȲᵀЛ ╥ҖȳМȳ⁮ П ᾬ Ь֪כ ϚḔи

έȴ 

ѿ 2.4ᴟ 2.7П10Ѝ 9 Ѝ Ȳ ϚḔиέ֢ вCCIṶԈᾼ

ἤȴ 3.2 3.3иᵑⱢЍ Ѝ П CCIṶԈ Ӣ П ᾭ Ȳ Ϛҳ

иᴯ Ϯҳиᴯ ӱCCIṶԈѻ Ӣ Єּפ ֯13-17 LSTȲṳѹМᴯ ⁄

ӱѿ14-16 LSTⱢѻ Ӣ ◕ȴ Ӣ Пứ ֽѠ ἬӱȲCCIṶԈ(3.1)ה Ӣ

ѣԌ оП Ὠֽ 3.4ἬӱȲ֢ ѣПCCIṶԈщ ֽῶ3.1Ἤӱȸ 

 Ӣ
ṶԈѡ

ѡ
ρππϷ (3.1) 

Ὠ ӱS2 ᴟN1 Ӣ Ȳּ30-65פ %Ȳѹӂᶁи ֢֯ ѣԌȴЍ

Ӣ Ὑ ᵅȲּ5-15פ %ȴ ֥CI⇔иӁ ( 2.4) Ӣ иέȲҠ

М צ Ӣ ⇔Ȳױ Ὠ Lin et al. (2011)ᾼ Ὠדᴿȴ 

ϚḔᵓӣ Ԉ ֢ CCIṶԈП …Ȳ Л֝ ╥ᵡ ֯֝Ϛщ Ӣ

CCIṶԈȲứ ֽѠ  Ἤӱȸ(3.2)ה

 ὖὃȿὄ
᷊

ρππϷ (3.2) 

A BиᵑⱢẒЛ֝ ȷὖὄⱢB ПCCIṶԈ Ӣ ȷὖὃ᷊ὄⱢA B

֝ϚѡꞋצCCIṶԈП Ӣ ȷὖὃȿὄῶӱB ѡצCCIṶԈ ȲA ϷצCCI

ṶԈП ȴ Ὠֽ 3.5ȳ 3.6 3.7ἬӱȲẔῶӱѠהⱢ ᾼ CCIṶԈМ

(ὖὄ)Ȳ ֝ϚѡϷצCCIṶԈП (ὖὃȿὄ)ȴ 

Ԓ ⁮ ᾼϮ М(S1ᴟ S3 )ἒױ ᾼ …( 3.5)Ȳ ᵑѣԌ



17 

ᾼ ὨꞋ ӱ⁮Ѡᾼ CCIṶԈצ Ӣ ȲҖ ᾼ Ϸ CCIṶԈȲᵛS1צ֣ צ

CCIṶԈ ӢȲS2 S3 Ϸ ֣(Єὑ50 %)צCCIṶԈȴ S2 CCIṶԈצ Ӣ Ȳ

S3 Ϸ CCIṶԈȴᴖS2צ֣ S3צCCIṶԈ ȲS1 ứᾼ  25-30פּ)֣

%)ȴ ПҵȲS2ױ S3 ἒױ ᾼ% 40-65צ ֝  CCIṶԈȴצ

М (C1WᴟC2W )ἒױ ᾼ …( צ⁄(3.5 Ὑ ᾼѣԌ Ȳϝѣ ֣֝

ϚщꞋצCCIṶԈ ӢȲ C1W C2EȳCC C2W C2E C1W ֝Ϛ

ѡ ӢCCIṶԈП ᵅ(Њὑ50 %)ȴϥѣ ϟѣ⁄צ ᴿᾼ Ȳ C1W CCIצ

ṶԈ ȲC1E CCϷ CCIṶԈȲᵀצ֣ Ẕ҃ צ CCIṶԈ ȲC1W чᴖЛ

ὔצCCIṶԈȴױҵȲ ὨϷ ӱẔ҃ CCIṶԈצ ȲCC Ϸ CCIṶԈצ֣ ӢȲ

ṳѹ֯ϟѣ ẞ ȴ Ϛ ᾼ╥ȲC1W Ẕ҃ ֯֝Ϛщвצ CCIṶԈᾼ

ᵅȲױ ϷҠ֯ϟѣ ᾼC2W  ṓȴכ

Җ (N1 N2 )ᾼ ᶮ ᴿὑ⁮ ( 3.5)ȲT чȲγד Җ CCIצ

ṶԈ ӢȲ⁮ Ϸ CCIṶԈȲᵛN2צ֣ CCIṶԈȲN1צ Ϸ ֣ὑ ѡצCCI

ṶԈȴױҵȲ Ӣ צ ѣԌ Ғᴖ ᾼ ȴ 

Ѝ (M1ᴟM9 )ἒױ ᾼ … Ɫ ( 3.5)Ȳ֢ ѣԌꞋЛ֝Ȳ ϝȳϥ

ѣ ȲM1 ϱM2 ȳM3 ếM5 צ Ὑ ᾼ֝ϚщצCCIṶԈᾼ …ȲѿцM1

ϱM4 ȳM6 ếM7 ᾼ ֣֝ϚщḥצCCIṶԈȴ 

Ϡᴕ ҖȳМȳ⁮ ֢ӕ вᾼІ ἒױП …ȲϷҠ ԓ І ἒ

ПӻФױ …( 3.6)ȴ Ԓ ⁮ ֢ І Ẕ҃І ᾼӻФ …Ȳ Ὠ ӱ⁮

C1Eế CC ֣֯֝ϚщвꞋצ CCIṶԈ ӢȲẔМϭѿ CC ᾼ ἤ

ȴᴖS2ȳS3 ϱC1W Ȳ Ὠ ӱϝѣצ Ὑ ᾼ ἤȲᵀ ѣԌ ȴМ

ᾼІ Ẕ҃І ᾼ … ӱМ צ CCIṶԈ ȲS2 ȳS3 ế N1 Ϸ

֣ὑצCCIṶԈȲᵀN1 ᾼ … ȴ ᴿᾼ ᶮϷ Ӣ֯Җ Ȳ Җ CCIṶצ

Ԉ ȲМ ế⁮ ᾼ S3 Ϸ צ֣ CCIṶԈȲ ᵑ╥ N1 ϱ CC ȳC2Eế

C2W ḆⱢὙ ȴ ∟ѩ Ѝ Ѝ П …( 3.7)Ȳ Ὠ ӱ Ѝ

CCIṶԈצ ȲЍ Ϸ CCIṶԈȲᵀч֣צ֣ …ṳЛכӴȴ 
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Ӑ ῴḔ ֢ ӐṝП ПҵȲḆ Ϥ ֢ ἒױП …ȴЛ

╥ Ӣ ( 3.4)Ἠ ֢ ╥ᵡ֝ϚщꞋצCCIṶԈ( 3.5ᴟ 3.7)ȲꞋҠ

Ѝ Ӣ ὑЍ Ȳ╝Ҡ М Ѝ ᵛҠȴᴖ ױכ Ҡ ╥

ԈצᵓЍ ӢCCIṶԈ ȲϷ ӱЍ ᾼ ֝ ᵓCCIṶԈצ Ӣȴ

ֽ ᴖ ѿ Ѝ ПCCIṶԈȲױ Ϸ҅ῶЍ −צ ᾼ ạ׀

֯Ȳᵀ Пᾬ Ьצ∕ ϚḔ ȴ 
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4 ҳ  N1 иέ 

֯10Ѝ МȲӐׁשṅ ӣN1 ᴩ֮ Ὲᾼ иέȲẔ ֪╥

Җ ᾼ֮ ὑ иέ Ɫᶙ ȲҠậ ᾼ Ὲ ὰצ ῧ Ȳṿ

Ҡиέᾼ ṳЛֵȴCCIṶԈ NullṶԈᾼ ϱ(ῶ3.1)ȲẒ῏֯N1 ⱢṜ Ȳḥ

Ὑצ ҷ ȲҠ ᵍ ϱᾼ ȴױҵȲLin et al. (2011, 2012)иέҖ ᴿד

ᾼ֮ Ȳṳṿӣ ᾎ ױ Пр∟ ☼ṶԈȲ ẁӐׁשṅП ѩ

ᾼṼ ȴ 

4.1 ֮  

ҟᾼׁשṅ╓ҏҖ ֮ צ р∟ ☼П ѻ ╥Ѭ ד

иӁȲᴖӐׁשṅṼᶧ ȳד ⇔ȳѬ ֥ѩ( ֥ѩ)ȳד ᴯ ȳU

V ὑ06-14 LSTП ȴױҵȲⱢϠ֝ ᵧ Ὲ П оȲӐׁשṅѿ ӂᾼѠה

ᵧ ȲẔἬ Пӂᶁ Ɫӭ в ἸЊὑ ὑ 500еѐП ֯ CCIṶԈѡ 14 LST

Пӂᶁȴ 

4.1 4.2иᵑⱢCCIṶԈ NullṶԈМП ȲẒ῏ὑ06-07 LSTц

11-14 LSTṳḥצὙ П ȴ06-07 LSTȲ ЄּפⱢ27-28 ïCṳᵧ ᾘ Ѝ ֮

Ȳ ╥ắẞ ◦ ֮ỏ ᵐ⁯ Ἤ ȷ11-14 LSTȲ -Ɫ32פּ

34 ïCѹᵧ Ѝ ֮ ȲẔҠ ֪╥Ѝ ֮ ắẞБ ᾼ ы ṿ

ᵅȴ֯08-11 LSTȲCCIṶԈП NullṶԈ ïCȲ 0.8-1.6פּ ӱCCIṶ

Ԉϱр֮ Ɫ ȴ Ϡắẞы Ғ ȲϷ ắẞ ☼ Ȳ

ẃᾼ ד⇔ ᵅȲ ṿ ᵅȴᵀ Ὠ ӱCCIṶԈᾼ

ױ֯ ứ ὑNullṶԈѹ ᵅᾼ Ȳ ╥ы ᾼכ Єὑ ӂ

☼ ᾼכ Ἤ ȴ 

4.3 4.4иᵑⱢCCIṶԈ NullṶԈПד ⇔ Ȳ Ὠ ӱẒ῏

ᾼ оЄ ד ȴ֝06-07 LST ᴎ֮ ֮ ᾼЍ ᵧ Ὼ ếᾭ (Ó85%)Ȳ
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ᵀ ы ỞҒ ֮ Ȳᴖ ᵅᴟ50-60 %ȴּ09פ LST∟ȲẒ῏ Ьצṷ Ȳ

ᴎ֮ ֮ ᾼד ⇔֯CCIṶԈМиᵑ NullṶԈ Ȳ% %0-2.5 2.5-5פּ ӱ

CCIṶԈМ֮ Ὼ ếȴ ֣ ӱCCIṶԈМצὙ ᾼ Ȳ֯׀ ᾼ

ӂ☼ᴟв ᴖṿCCIṶԈᾼד ⇔ ὑNullṶԈȴ 

4.5 4.6иᵑⱢCCIṶԈ NullṶԈП ֥ѩ ȲCCIṶԈ ᾼ ֥

ѩ NullṶԈ ȴCCIṶԈМȲ06-08 LSTᾼ ֥ѩּ16-18פ g/kgȲ12-14 LSTᾼ ֥ѩּפ

18-24 g/kgȲ Ғּ2-6פ g/kgȲṳѿ ᴎ֮ цᾘ ֮ צ Єᾼ ȴNullṶԈ06-08 LST

ᾼ ֥ѩ⁄╥Ӧ16-18 g/kgȲꜙᴟᵅὑ16 g/kgȲ12-14 LSTּ17-19פ g/kgȲṷ Ғּ1-2פ 

g/kgȲᴖѹ ֵ ֮ ᾼ ֥ѩὙ CCIṶԈᵅȴױҵȲ֯NullṶԈМϷҠѿכ

ẞצϚῖ ᾼ ☼Ӧ Җִ֮י☼֣ ү֮ȲҠ ֮ ᾎ҉צṜᾼѬ ȴ

ᴖCCIṶԈМҠѿכẞ ☼ᶙ ∟Ȳ Ѭ Ӧᾘ ֮ ӂ☼ᴟв ᾼЍ ֮ Ȳ

ṿCCIṶԈ NullṶԈ ֥ѩ Ӧ0.8-1.6 g/kgҒЄᴟ1.6-2.4 g/kgȴ 

4.7 4.8иᵑⱢCCIṶԈ NullṶԈПד ᴯ ȲӦὑẒ῏

ЛЄȲד ᴯ П ѻ ӦѬ Ȳ╝ד ᴯ иӁ ᶮ ᴿὑ ֥ѩȴ ᴖ

ṕȲCCIṶԈ NullṶԈὑ06-08 LSTꞋצὙ П ӂȲῶӱד ᴯ Ὑ ᵅȲּפⱢ

340-345 KȲᵀẔМCCIṶԈᾼᾘ ֮ ֪Ѭ ֵȲ╝ד ᴯ в 2 Kȴ

ῺМрȲCCIṶԈὙ 8-10 KȲ ẞ348-354 KȲꜙᴟю ẞ356 KѿϱȲṳ

ѹצ ☼∂Ӵᴖ֣в Ἃᴼᾼ Ȳ ӱCCIṶԈᾼῺ֮ ẓצ ֵ ȴ 

4.9 4.10иᵑⱢCCIṶԈ NullṶԈПU ȲӦὑ ᾼ Ỵ

Ѝ Є ᵧ ⁮Җṛ֣Ȳ╝ҠӣU ҅ῶ ᶮȴU ⱢӔ Ȳ⁄Ɫ ȷ Ɫ

Ȳ⁄Ɫ ȴЛ ╥CCIṶԈἨNullṶԈȲ06-07 LSTꞋⱢ ᾼ Ȳ᾿ẞ08 LST

CCIṶԈ ֣И Ở Ɫ ȲᴖNullṶԈ⁄ ẞ09 LSTИ Ở Ɫ ȴ֯ CCI

ṶԈМȲ ᴎ֮ὑ09-14 LSTвȲ Ӧᾘ ֮ ֣в ἋᴼᴟЍ ֮ Ȳ

ṳᵧ Ὑ ПӔ ӂȲῶӱCCIṶԈМᾼ ắẞ ☼ѻ ȴNullṶԈМȲ ᴎ֮

֝ ᵧ ☼ᾼ Ȳᵀ CCIṶԈ m/sȲᵀ 0.25פּ ֮ ᾼU ⁄ᾼӔ

ӂὙ ЊȲꜙᴟⱢ ӂȲ ӱ ‭ ֯ ᴎ֮ ȴױҵȲ ϱ ᾼ
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ᾼ Ҡ CCIṶԈ NullṶԈꞋצὙ ѹ ứᾼ Ȳ֯׀ꜜ ꜜ֯ CCIṶԈМ

ⱢҖ Ȳּ֯פ ц ҖПӻꜜȲᴖNullṶԈ⁄ Ɫ⁮ Ȳּ֯פ ц ᴎПӻꜜȴ 

4.11 4.12иᵑⱢCCIṶԈ NullṶԈПV ȲV Ӕ ῶӱ⁮ Ȳ

ῶӱҖ ȴ ᴖṕȲCCIṶԈ NullṶԈП ṳЛὙ Ȳ ᴎ֮ ֯CCIṶԈ

М NullṶԈֵ0.25 m/sᾼ⁮ ȴ ױכ ὨҠ ╥֪Ɫ ᴎ֮ ֵⱢѺ Ȳѹṛ֣₣᾿

ὑ Ỵ Ȳ ᴖ ⁮Җ ЛὙ ȴ 

Ὠ ӱѬ ד ᾼ U צ Ὑ ᾼ Ȳױ Ὠ Lin et al. 2011דᴿȴCCI

ṶԈМᾼU Ӕ ӂ҅ῶ ᵬϤв Ȳṳ Ѭ ӂ☼ᴟ֣Ѝ ֮ ṿӭ צ ᾼ

֥ѩ ד ᴯ Ȳᵛ֮ צ ᾼ ᴖצᵓὑ ☼ Ởȴ 

֮ иέҠṓ ứ ( ֥ѩȳד ᴯ ȳU )֯ CCIṶԈ NullṶԈМצὙ ᾼ

Ȳױ ϱП Ҡ PDF NPDFᾼѠהᵧ Ȳᵛ2.4Ἤ ẞПѠᾎȴѿ ⅞

( ҅ ȸ467050)П ֥ѩⱢẂ( 4.13)Ȳ֯06-08 LSTȲCCIṶԈ NullṶԈᾼ

PDFѾ Ȳ 16-17 g/kgѿϯᾼ иẒ῏צ Ὑ ᾼ ȴױ ◕ ὑ ◕Ȳ

Ữӑכ Ȳч Є ֯NullṶԈМ צ ᵅᾼѬ ȴᴖױ ◕ПCCIṶԈNPDF֯

ᵅ ֥ѩᾼ Ɫ0иȲNullṶԈⱢ1иȲ ӱᵅ ֥ѩᾼ ֻᾼ ᵑCCIṶԈἨ

NullṶԈȴ09 LSTỞȲCCIṶԈᾼPDFẔ Ὑ NullṶԈḆⱢҢ Ȳᴯὑ

ᾼ ֥ѩ Ȳ ӱCCIṶԈẓצ ֵᾼѬ ȲױⱢ כ ∟Ȳ Ѭ Ϥв ᾼ ȴɲ

ױ CCIṶԈПNPDFγ ֥ѩ ҒᴖӦ0и Ғᴟ1иᾼ Ȳ ᵑ╥֯ ֥ѩ

ᾼ NPDF═֯ 1иȲҐ CCIṶԈ NullṶԈП ȴױ Ὠ ֮ иέדᴿȲ

Ẓ῏Ꞌᵧ CCIṶԈМȲנ Ȳᵀ כ ṳᵬϤ ֮∟Ȳ Ѭ Ϥв Ȳ

ṿ֮ ẞὙ ᾼѬ Ȳ ᴖṿ ᾎצ ᵒ ѡⱢCCIṶԈἨNull

ṶԈȴ 

4.2 Ὲ  

ṿӣὰ Ὲ08 LST (00 Z)П Ὲ ᴩ Ȳ ᷄ҏCCIṶԈ NullṶԈ֯р∟

☼ Ӣ›П₣᾿ ȴ 4.14Ɫ ⇔ȳ 4.15Ɫד ⇔ȳ 4.16Ɫ
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֥ѩȳ 4.17Ɫד ᴯ Ȳѿц 4.18ⱢU V ȴ 

4.14ӱCCIṶԈ֯750-1000 hPaП ṷ ὑNullṶԈּ0.5-1פ ïCȲᴖ

⇔ ïCȴ750 hPaѿϱП 1פּ ⇔ Ѿ ȲᵀNullṶԈП700-750 hPa

⇔Ὑ ϯ Ὑ Ȳ CCIṶԈП Ɫ2-5 ïCȲפּ ӱ Ὲ Ɫ ȴ ᴿᾼ Ὠ

ϷҠ֯ד ⇔( 4.15)МכẞȲ750-1000 hPaᾼד ⇔ ЛЄȲЊὑ 3 %Ȳᵀ 700-

750 hPaП Єᴟ6-12 %Ȳᴖ700 hPaѿϱ⁄ϭԛ⇔ Њȴ 

4.16ӱ700 hPaѿϯᾼ ⇔ȲCCIṶԈП ֥ѩ ὑNullṶԈּ0.5-1.5פ g/kgȲ

҅ῶCCIṶԈᾼ Ɫ Ȳ ὔ ẞ ếȴ 4.17֝ ӱ700 hPaѿϯᾼ

⇔ȲCCIṶԈПד ᴯ ὑNullṶԈּ1.5-3.4פ KȲᴖῺ֮ (1000 hPa)ּפ 2.5 KȲῶӱ

CCIṶԈП ẓצ ֵᾼ Ȳצᵓὑ ☼ Ởȴ 

4.18ⱢU V Ȳ ֣ϱCCIṶԈ NullṶԈצὙ П ȴCCIṶԈМȲῺ

֮ П1000 hPaᵧ Ɫ Пὧ⁮ Ȳ Ɫ0.75-1 m/sȲҠפּ ╥ ᾼ ȴּ950פ-

850 hPaᵧ П⁮ ᴟᴫ⁮ Ȳ m/sȷ850 hPaѿϱП 0.25-1.5פּ ⇔⁄ Ɫ ⁴П

ὧ⁮ ȴNullṶԈМȲ1000-700 hPaⱢὧ⁮ Ȳ ⁄Ɫ0.75-1.5 m/sȲᴖ700 hPaѿϱפּ

ⱢὧҖ Ȳ  m/sȴ 0.5-0.75פּ

֥ Ὲиέ ὨȲCCIṶԈᵅ Пᴫ⁮ Ҡ ᾼῈ Ϥ ֮Ȳṿ ПѬ

ד ᴯ ᴖצᵓ ☼ ȴױ Lin et al. (2011)דᴿȲ ӱ₣᾿ р∟

☼ ỞצϚứП ἤȴ 
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5 Х  ᾎ р∟ ☼ ỞṶԈ 

ҳ ᾼ֮ иέМҠכẞN1 ֯CCIṶԈ NullṶԈצὙ Ȳ֪ױӐׁש

ṅṿӣ ᾎ иέМᾼ ֮ ֥ ᴩ ȴױ ԚиⱢẒ

иȴᴞᶺ ПӭᾼⱢ Ѡᾎ╥ᵡҠᴩȲẔṿӣױ ד2011-2020 ᾼ

ẗ Ȳṳѿױ Ѡᾎ֯ױ▲ вᾼῶ ȴ ⁄╥ Ѡᾎ֯ױ

ᾼ Мᾼῶ ֽᴶȲẔṿӣ ᾼד2021 ṳ ӣᴟױѠᾎ

МȲ ϚḔ ҵȲⱢױὨȴכ о ᾎПῶ Ȳ ṿӣ 2.5Ἤ ẞП╓

ᴩ ȴ 

5.1 ᴞᶺ  

5.1 5.2иᵑⱢN1 ὑ вПCCIṶԈ NullṶԈ ᾎ иȲ

CCIṶԈᴖṕȲи ֻȲῶӱ ᾎ Ɫ ѡצ ᾼҠ ἤצр∟ ☼

ỞṶԈ ӢȲᴖNullṶԈПи ᵅ ֻȲῶӱ ᾎ Ɫ ѡ Ӣр∟ ☼

ỞṶԈᾼҠ ἤ ᵅȴ 5.1 ӱ CCIṶԈМȲ ᾎ иꞋЄὑ 0.5иȲ ֯ 0.5-

0.6иП Ȳ҅ῶ ᾎ ֮ CCIṶԈᾼ Ӣȴ 5.2 ӱNullṶԈМȲ

ᾎ иѻ ֯0.35-0.5иП ȴю ѡІצὙ ᵅᾼ иȲּ0.25-0.35פиП ȴ

ᵀ╥Ȳ иѡІᾼ и ὑ0.5иȲּ0.5-0.55פиП Ȳῶӱ ᾎ NullṶԈצ

ᾼ ȴ 

ϚḔ ᾎ иП Ӣ оȲ 5.3 ӱCCIṶԈи М

Ӣ֯0.52-0.56иП Ȳѹ и ṷצ Ғᾼ ȴNullṶԈᾼ и Ϡю

ᾼѡІṿ Ԍи ֯ 0.5-0.52иП Ȳֵ и Ꞌ ֯ 0.46-0.5иП Ȳѹצ

юП ȴ ֥Ẓ῏Пῶ Ȳ Ὠ ӱ ᾎẓצṏֻᾼ ᵑ⇔Ȳѹ ᵑ ϩ

ṷ сȴ 

5.4Ɫ ᾎПἤ ῶ Ȳ Ὠ ӱ CSIи ὑ 0.7иȲṳѹ

Ғᴟ0.9иѿϱȴPOD⁄֪Ɫḥצ Ȳ╝ ═1иȴFAR Ӧ0.3и юᴟ



24 

0.1иȲBSӦ1.4и юᴟ Ὼ1иȲ ӱ ᾼ ᶮ Ḃ ȴ ᴖṕȲ

ᾎᾼῶ ᵧ Ḃ ᾼ ᶮȲ ӱױѠᾎẓצҠᴩἤȴ 

5.2  

ᴞᶺ ᾼ Ὠ ӱ ᾎẓצҠᴩἤ ᵑ⇔Ȳ╝ Ѡᾎױ ӣᴟ ҵ

П2021דᾼ ᴩ Ȳ Ẕ ӣϱПῶ ȴ 5.5 5.6иᵑⱢCCIṶԈ

NullṶԈП ᾎ иȲẔ ӱ ᾎ ὑCCIṶԈצṷ ᾼ Ȳɲ

ᴖ ὑNullṶԈ⁄צ ⱢὙ ᵀЬҠ ắП ᶮȴ 

5.7ᴟ 5.16ⱢS1 ᴟN2 ПCCIṶԈ NullṶԈП ᾎ и Ӣ

иӁ ȴẔМ 5.15Ɫ N1 П CCIṶԈ NullṶԈП ᾎ и Ӣ

иӁ ȲCCIṶԈ и‍ М֯ 0.5-0.52иП Ȳю ᵅὑ 0.5иȷNullṶԈ⁄╥

М֯0.47-0.51иП Ȳ ᵑ╥06-09 LSTПֵ и ὑ0.5иȲ ӱ צ Ὑ

П ᶮȴᵀ╥Ȳ10 LST∟Ȳ ᾎ и Ғ юᾼ ꞋҠ֯CCI

ṶԈ NullṶԈМכṓȲϭѿNullṶԈ ⱢὙ Ȳ ӱױѠᾎ֯10 LST∟ᾼ ᵑ⇔

Ғȴ 

5.17ⱢN1 Пἤ ῶ ȲẔ ӱ ᾎᾼῶ Ḃ ȴ

ᾼCSIи ֯0.6-0.9иП ȲPODЄ Ӧ0.7и Ғᴟ0.95иȲῶӱỄМ

ҒȴFARӦ0.25и юᴟ0.15иȲᴖBS⁄Є ֯Юὑ0.8-1.2иП

Ȳ ӱ ᾼ Ἠ Ȳṳ֯10 LSTứ Ḃ ȴ ֥ϱ ᾼ ὨȲẔ ӱ

ᾎ ֮ ẓצẔҠᴩἤ ϩȴ 

֯ N1 ᾼ МȲ Ὠ ӱ ᾎדצ Л ᾼῶ Ȳ֪ױ Ѡᾎױ Ϛ

Ḕ ӣᴟẔ҃ Ẕכ ȴ 5.18γ 10Ѝ П06-14 LSTᶾ иȴẔ ӱ

C2W Пῶ N1 ד ȲCSIּ0.5-0.8פи PODּ0.6-1פиȲѹ10 LST∟

ứ ҒȴPOFD⁄ ═0.3-0.45П ȲFARּפӦ0.3и ᴟּ0.15פиȲ ӱ

ᾼ ᶮ Ḃ ȴױ Ὠ ᴟETSЛ ᾼῶ ȲӦּ0.1פи Ғᴟּ0.45פиȲ

֝ ֯ 10 LST∟и ứ ҒȴẔ҃ ֽ C1Eᴟ C2E צ иᾼ CSIּפ
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0.6-0.8иȲPODּ0.65-1פиȴᵀ╥Ȳ֝ POFDϷ− Ȳּ0.65-1פиȲ ӱ ᾎὑ

ṷ Ɫ Ȳױ Ϸᵧ ֯ Ὼ 0иᾼ ETSϱȴᴖ S2 ᴟ C1W ⁄╥

CSIPODи Ὑ ȲɑT POD POFDדῺѹFARὙ Ȳѿц Ὼ0иПETSȲ

ӱ ᾎὑ ṷ ֝ Ὼ ȴᴖ S1 N2 ⁄╥ῶ ᾼ Ȳ

CSIȳPOD ETS‍ ᵅᴖPOFD‍ Ȳγ ᾎ ὑ Ẓ ḥצ ϩȴ

ᾼ Ὠ֝ ᵧ ֯ ᾎ и Ӣ иӁ ϱ( 5.7ᴟ 5.13 5.16)Ȳ

ḕ ᾼ иṳ‍ М֯0.5иҿҢȲᵀCCIṶԈ NullṶԈП ииӁꞋḥצὙ

Ȳ ᵑ⇔Ϸḥצ Ғᾼ ᶮȲ ӱ ᾎὑC2W N1 ѿҵᾼ

ᾎ ᵑCCIṶԈ NullṶԈȴ 

5.3  

ⱢϠ ṷ р∟ ☼ Ở Ɫ Ȳᴖ֯ ᾎМצ Єᾼ иȲ

╝ṿӣᴞᶺ П ѡ Ἤצ ᾎכ (v ύȟϽὓὊȟ)┬ и ӦЄᴟЊ ԝȲ

ṳậ›50 %ᾼכ ḕ ḕ ậӣП ȴ ѠֽהѠ  Ἤӱȸ(5.1)ה

 ὊὶὩήόὩὲὧώȟ
В ȟȟ ρππϷ (5.1) 

ὊὶὩήόὩὲὧώⱢậӣ ȷὅέόὲὸⱢ כ ֯› כ50% Пװ ȷὈὥώίⱢ CCIṶԈἨ Null

ṶԈПщ ȷὭⱢ ȷὮⱢ (1-8)ȷὸⱢ (06-14 LST)ȴֽױᵛҠ ҏḕ

ḕ ṿӣ ȴ֯ ᾎП и Ȳ Ἤכצ Пи Ғ Ȳ╝›50 

% иᾼכ ẓצ ᾼ ϩȲҠѿḟứ ѡ╥ᵡⱢCCIṶԈѡἨNullṶԈѡȴᴖ ╥

█ П ֯› 50 %иᾼכ МȲᵛậӣ Ȳῶӱ П ὑ

CCIṶԈѡἨ NullṶԈѡПᵒ צ Єᾼ ϩȲ ἤ ȴ Ὠֽ 5.19ᴟ 5.38

Ἤӱȴ ḕ Пậӣ ṳ ậӣ ѩ ∟Ȳ Ẓ῏ӑצὙ Ȳ

╝ӑ ḕ Пậӣ ȴױҵȲS3 ᴟN2 ֯ Ὥᴟ ⁮Җ ю ֵ

╥֪ ֮ П ᶙ ⇔ᵅὑ50 %Ȳ╝ иέ ᾎ ӣМṳӑ Ϥȴ 

ӦCCIṶԈП ậӣ ( 5.19ᴟ 5.28)Ҡ Ἤצ Ꞌѿ ֥ѩ ד ᴯ
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צ ᾼậӣ Ȳѹ МѿҖП צ ᾼ Ȳּ60-95פ %Ȳ ӱМȳҖ ᾼѬ ד

ὑр∟ ☼ Ở᷊ ד ПṔᴥȴẔ҃ Пậӣ ⁄ ֢ Ἤצ Ȳ

╝и ᴩ ȴ 

S1 ᴟS3 ( 5.19ȳ 5.20 5.21)П Ὠ ӱ ȳד ⇔ U Пậӣ

Ɫ0-40 %Ȳפּ ӱ ἤ ᵅȴᴖV ȳ ֣⁄ ӱ ⁮ᴟ⅜ὧϚ Ȳѿц М

ѿҖᾼᾘ ֮ צ ᾼậӣ Ɫ40-60 %ȴפּ ӱV ╥֯S1 ᴟS3 П ἤ

ὑװ ֥ѩ ד ᴯ Ȳᴖ ȳד ⇔ U ד⁄ Л ȴ 

C1W C1E( 5.22 5.23) Ẓ῏ ד⇔ ЛֵȲᵀ ֣ϱП ṿẔ

Ὑצ П ȴC1W ѿМҖ П Ɫװ Ȳậӣ Ȳѹ% 40-60פּ

П ֥ѩ ד ᴯ ậӣ פּ 70-90 %ȲꞋ ֯ МѿҖȴC1EПד ⇔ȳV

ȳ ֣Ɫװ ȲѹҔᵶ ֥ѩ ד ᴯ ֯вПг ὑ⁮ ֮ П

ậӣ Ὑ פּ) 40-60 %)Ȳ ӱC1Eắẞ⁮ П ֵȴ Ҡ ╥֪ C1E

ῺЍ ѹЍṖ֣ᴫ⁮Ѡ ЀȲ⁮ ֮ Ɫϱ ֮ ᴖצ ЄП ϩȴ 

CC Пậӣ иӁ( 5.24)Є C1W ȲМҖ֝ד П ֥ѩ ד ᴯ ЬⱢ

П Ȳậӣ ⁮Ȳᵀ% 60-80פּ ֮ Пậӣ Ϸ ᴟ40-60 %ȴМҖ П

ד ⇔Ȳѿц о֮ ⁮֮ ПV Ɫװ Ȳậӣ  ȴ% 40-60פּ

C2Eᴟ C2W ( 5.25 5.26)ЬѿМҖ П ֥ѩ ד ᴯ Ȳậӣ

װȲ% 60-80פּ ⱢМҖ ᾘ ֮ ПẔ҃г Ȳậӣ ȴ% 40-60פּ Ϡ

֥ѩ ד ᴯ ПҵȲ⁮ Пậӣ ֵⱢ0-40 %Ȳ ӱ ἤ‍ ᵅȴ 

N1 ( 5.27) ᾼ Ь ╥МҖ П ֥ѩ ד ᴯ Ȳװ ⁄Ɫ Мѿ

Җᾘ ֮ ПẔ҃г ȲЄ ᴿὑC2E C2WȴN2 ( 5.28) ᴿὑN1 Ȳ

ᵀМҖ П ֥ѩ ד ᴯ ậӣ ṷ ᵅᴟּפ 50-70 %Ȳᴖ⁮ П ֥ѩ ד ᴯ

ậӣ ṷ ᴟּ40-50פ %ȴױҵȲ Ẓ ὑ ֮ ПU ậӣ -Ɫ55פּ

70 %Ȳṷ ὑẔ҃ 10-15 %Ȳ ӱ ֮ ПU П ϩ ὑװ ֥ѩ ד ᴯ

ȴ 

NullṶԈ( 5.29ᴟ 5.38)⁄Л CCIṶԈ֢֯ ϱצЛ֝ᾼиӁ₤ ȲЄ ϱ
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ѿМҖ П ֥ѩ ד ᴯ Ȳậӣ ȲὙ% 40-70פּ CCIṶԈ ᵅ ֵȴ

ᴖ юᾼậӣ Єᴟи ẞ֢ МȲṿẔ҃ Пậӣ Ɫϱсȴ П

ᴯ ⁄ CCIṶԈиӁ ֝ȲӑצὙ П ȴ ӱNullṶԈ ᾎӦю ḟứȲᴖ╥

֥Ἤצ ᾼῶ ∟Ἤ ҏП Ὠȴ 

5.4 ᾎῶ П  

ד 5.4.1  

֯5.2П МȲ Ὠ ӱ ϠN1 C2W צ ֻᾼῶ ПҵȲẔ҃

ῶ ꞋЛֽ Ȳױ ҠӦ 5.3П ᾼ Ὠ ȴЛ ԉᴶ ȲCCIṶԈМ

П ꞋѿМҖ П ֥ѩ ד ᴯ ⱢѻȲᴖNullṶԈ ЬѿМҖ П

֥ѩ ד ᴯ ⱢѻȲᵀậӣ Ὑ ᵅṳи ᴟẔ҃ ȴױ ῶӱ ᾎ֯

ᵒ ╥ᵡⱢCCIṶԈ Ȳ ⇔Ԋ МѿҖП ֥ѩ ד ᴯ ȴ 

р∟ ☼ᾼῈ ѐ⇔ϱЄּפⱢ ϫеṭȲ╝Ҡ֥ S1 ᴟC2E Ὠ

ЛṾҠ ╥֪ⱢẔ ⇔Ԋ ϫеṭȲϞᴟ ᴍеṭ П Ἤ Ȳắẞ ד П

Ἤ ȴᴖN2 ᴯὑҖ Ȳᵀ 5.28 ӱẔỂ Пậӣ Лֽ N1 ѹ

Мὑӭ Ể ȲҠ ╥ N2 ῶ ЛṾᾼ ֪ПϚȴױҵȲ ╥

ṿӣᴞᶺ ᾼ Ὠ ᴩиέȲױ ◕ᵛ ӱМ⁮ Є ⇔ṿӣМ ѿҖᾼ

П ֥ѩ ד ᴯ Ȳᵛṿᴞᶺ ὨṏֻȲᵀБ ӱ ῶ ὨҠ ЛṾȴ

Ϡṿӣ П ҵȲи Ѡה Ӑ ᾼиӁϷ ῶ ὨȲиᵑὑ 5.4.2

5.4.3ȴ 

ױ ҅ῶӭ›ṿӣᾼ ᾎ ᵑМ⁮ ֮ CCIṶԈ NullṶԈȲ ḟױ

Ȳ⁄Ҡ ҒЛ֝ ᾼ Ȳֽ ȳ ӂ Ἠ ֥ ȴӭ›ṿ

ӣᾼ Ɫ ᾼ ȲᵀМ⁮ ֮ CCIṶԈ NullṶԈҠ ֯ о Ὲ Пד

צ Ὑ П ȴ 
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5.4.2 и П  

ӐׁשṅПи Ɫ CIП ⇔иӁ ֮ᶮ ᴩи Ȳ֪ױḕ ПῈ

ЊȲ כ П Ὠῶ ЛṾȴ ᴩḂ ȲҠṼ ἒױП …(

3.5ᴟ 3.7)Ȳѿц Л֝ Пד ἤ(correlation) и∟Ȳ ПῈ

Ὅ Ȳԛ ᴩ ᾎП ȲֽױҠ ᵅ ὑ П ԈἬ ╥כ Ὠȴ

ᵀ ᴖṕȲ Э ֣ оȳ о ȲМҶ ᶝῺד Ȳ ӱױ

Ɫӑẃ ȴ֪ױȲ Њ П ЬצẔӇ ἤȲᴖ ᾎПῶ Ҡ

ҒЛ֝ ᵑП Ἠ צ ᴩҒ Ȳ ױ  ѠᾎᾼЛṜȴױ

5.4.3 Ӑ П  

ᾎ ȲCCIṶԈ NullṶԈиӁПѩẂϷ Ẕῶ ȴӦῶ3.1

3.4Ҡ῀Ȳױ Ὑ ᾼ╥ CCIṶԈ NullṶԈѡ ѩẂ Ὑ П S1

N2 ȴ CCIṶԈѡ NullṶԈѡ Є Ȳ ᾎП

ẗ ֯҅ῶἤЛṜȲ ᾎᶙ ч╣ П Ȳ ᴖṿῶ Ὠ ȴ 

ҵȲױ ṿӣП Ӑᾼ CCIṶԈѡ NullṶԈѡ ѩẂϷ Ὠ

ᾼῶ ȴ П Ӑ צ ֵCCIṶԈѡȲᴖ ṿӣП Ӑ NullṶԈ

ѡ ֵȲῶӱẒ Ӑᾼ ἤצἬ ȲҠ ᾎ ᾎ ẞᾼ

ӣᴟ ᾼ Ӑȴᵀ ϱ Ɫ CCIṶԈכ NullṶԈᾼ ᴿȲ

ӢȲ֪ױ Ẓ ṶԈП Ӑ Ṝ Ȳ⁄ױ ЛЄȴ ᵍױ ȲҠ Ἤצ

֥Ẇѹ Ἴ Ȳѿױ и ṿӣП ӐȲ ’Ẓ῏֯CCIṶԈѡ NullṶ

Ԉѡ ПѩẂ Ὑ ȴ 
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6 г  ӑẃ  

6.1  

Ӑׁשṅṿӣ ד2011-2020 ḕדϝᴟϟѣП֮ ὰ Ὲ иέ

֮ CCIṶԈ NullṶԈП Ȳ Ẓ῏ Ὑצ ȴױҵȲׁשṅМϷ

ᴞ о ֢ Ѝ П ẗ Ȳ иέἬ П

ᾎ ֥Ȳ CCIṶԈП Ȳṳѿ2021דП ᴩ ȴ 

6.1.1 ֮ CCIṶԈ ἤ 

ṅМשׁ ᴫҙ р∟CCIṶԈП Ӣ ȳ Ӣ Ȳѿц Ӣ ⇔

П …Ȳṳ Ϥ ֢ ἒױП ἤȴ ֽϯȸ 

· Җȳ⁮ П Ӣ ( 3.1)γ ⇔ ҒᴖἋ∟ȲᵀҖ ᾼ ȷМ

( 3.1)П Ӣ ⇔ П оȴ 

· CCIṶԈ Ӣ П ᾭ ( 3.2) ӱЍ Ѝ ПCCIṶԈЄֵ Ӣ֯13-17 

LSTȲṳѿ14-16 LSTⱢѻ Ӣ ȴ 

· ᾼCCIṶԈ Ӣ ( 3.4) ӱЍ П S2 ᴟN1 צ ᾼ Ӣ Ȳṳѿ

М Ȳױ Ὠ Lin et al (2011)Пׁשṅ ᴿȴ 

Ϡ CCIṶԈᾼ Ӑ иέПҵȲӐׁשṅ Ϥ ֢ Ѝ ἒױ П …(

3.5ᴟ 3.7)ȴ 

· Ϥ ֢ ╥ᵡ֝ϚѡꞋצ CCIṶԈȲ ⁮ (S1ᴟ S3 )ȳМ

(C1WᴟC2W ) Җ (N1 N2 )вᾼ Ὑצ …ȴ 

· Ѝ Ѝ ᾼӻФиέМȲ Ὠ ӱЍ CCIṶԈצ ȲЍ Ϸ

֣(Єὑ50 %)ὑ֝ϚѡвצCCIṶԈȲᵀч֣ …ЛכӴȴ 
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6.1.2 ֮ ῈП  

Җ N1 П֮ Ὲ иέ ӱѬ ד צ ⱢὙ П Ȳ ᵑ╥

Ѭ ד П (ֽ ד ⇔ȳ ֥ѩ ד ᴯ )ȴ 

· CCIṶԈМȲ Ѭ Ӧᾘ ֮ ӂ☼ᴟЍ ֮ ȲṿẔ NullṶԈ ӢὙ П

ȴᴖ NullṶԈМ⁄ҠכẞϚῖ ᾼ ☼Ӧ Җִ֮יᾘЄ ᾈṖ֣ ֮

Ȳṿ ֮ ᾼ ֥ѩ Њȴ 

· U ֯CCIṶԈ NullṶԈМꞋצὙ ѹ ứᾼ ȴCCIṶԈМȲ֯׀ꜜ ꜜ Ɫ

Җ Ȳᴯὑ ҖПӻꜜȷNullṶԈ⁄ Ɫ⁮ Ȳᴯὑ ᴎПӻꜜȴ 

· CCIṶԈМПU ὑ ֮ Ὑצ ПӔ ӂȲ ӱ ☼ Ɫᶙԓѹ֣в

ἋᴼᴟЍ ֮ ȴ 

· Ὲ ⁄ ӱN1 CCIṶԈП֮ Є NullṶԈ ѹѬ ֵȳד ᴯ

Ȳṿ ẓצ ֵП ȴ 

· CCIṶԈᵅ Ɫᴫ⁮ ȲҠѿ Ὲ Ϥ ֮Ȳṿ ☼ ὔ ȴNullṶԈᵅ

Ɫὧ⁮ ⱢѻȲῶӱצ ᵐП Ȳѹ Ɫ ПὧҖ ȲЛᵓ ☼ ȴ 

6.1.3 ᾎПῶ  

ᾎ Є ֮ ֥Ȳṳ Ӧ о ⇔ẗ П

чѩ ứ ẗ П ᴞ оȲЄ ᵅϢЏἬ ṳ ṿӣ Єоȴ

ᾎПῶ ֯Җ ПC2W N1 ῶ ṾȲẔ Ḃצ⁄ Ὲ ȴᵀ

ПиέȲҠ ῀ῶ ЛṾП ֪ȴ 

· N1 ᾼᴞᶺ ӱ‍ ᾼCSIȳPOD ETSȲѿцד ᵅᾼPOFDFARȲѹ

ᵑ ϩ сȲ ӱױѠᾎ Ҡᴩἤȴ 

· C2W N1 ᾼ ῶ ṾȲѹ Ὠὑ10 LST∟ ứḂ ȴ 

· Ẕ ῶ Ḃצ⁄ Ὲ Ȳ ᵧ ᾼ ᶮȲ ӱЬצḂ Ὲ ȴ 

· иέ Ὠ ӱМ ѿҖП ֥ѩ ד ᴯ Ɫ ȴ ד
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П ПȲⱢװ ᵗ ȴ 

· S1 ᴟC2Eῶ Ҡ ╥֪ ד ȲᴖN2 ᾼ М

ὑҖ Ȳᵀậӣ Ɫϯ ȲҠ ╥ῶ ᾼ ֪ПϚȴ 

· S1 N2 ᾼ ṿӣᾼ ֯ CCIṶԈ NullṶԈѡ ПѩẂצὙ Ȳ

Ҡ ᾼ Ὠ҅ῶἤЛṜȲ ᴖṿẔῶ ЛṾȴ 

6.2 ӑẃ  

Ӑׁשṅ Ϡ иέ ֮ CCIṶԈП ȲϷ ֮ ֥

ᾎ ᴩḕ Ѝ П ȲẔṆ ▐ ⱢӑẃᾼἋᴼ ӣ ᵂ о ẁ ȴᴖ

ẁּד иέϱȲῴḔϠ ֢ צ CCIṶԈПѻ ȴ 

ӑẃ ҠиⱢ ȳМ   Ȳ Ҡ ӦҒϤЛ֝ П Ȳֽ

ȳ ӂ Ἠ ֥ Ȳ Ҡ ϤἬצҠӣП Ȳṳ Ḃ М⁮ П

ῶ ȴ ҟׁשṅ╓ҏ₣᾿ᾼЄ Ϸ CCIṶԈ Ȳ╝М ҠѿҒϤ Ὲ

П ⱢѻȲṳѿ֝ ᾼ Ѡה Ϥ ᾎв ᴩ ȴױҵȲ

ӭ›╥ CCIṶԈ( ☼ᾼῴӢ ◕) ᴩ ȲӑẃҠ ֮ ṿӣᾼ Ἇ∟

ἋᴼȲṳҒϤ ֫ᾌᾼ ȴ Ϡ CCIṶԈҵȲϷҠ ∟ (ֽ ϡ ȳ Ϯ

)ᾼ ☼ṶԈȴӐׁשṅ╥ѿЍ Ɫ ӭ Ȳᵀр∟ ☼ṳ‍‭ Ӣὑ ṷ

МȲ╝  ⁄Ҡ֯ן Ṝ ֵ Ӑ ∟Ȳ ֣ о о ȴ 
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ῶ2.1ȳ ᾎ ѡІṿӣП П ȴ 

 (%) 

ѡ Є ☼  20 

Ṿ ѡᶁ  45 

ѡᶁ  20 

Њ ѡᶁ  15 

 

ῶ2.2ȳ …Пԝ ῶȴ 

 

 

CCIṶԈ NullṶԈ 

 

CCIṶԈ 
ỄМ 

(Hit) 

 

(False Alarm) 

NullṶԈ 
 

(Miss) 

Ӕ ᵑ 

(Correct Reject) 

 

ῶ2.3ȳ֢╓ Пи Ṿи ȴ 

╓  и  Ṿи  

(POD) 

0~1 

1 

(POFD) 0 

(FAR) 0 

╓ғכ (CSI) 1 

еӔ ԑ и(ETS) ρȾσ~1 1 
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ῶ3.1ȳ10Ѝ П ѣCCIṶԈщ Ẕד ὑ щ Пᴍиѩ(ҳ ХϤᴟЊ ∟ϡᴯ)ȴ 

І  ϝѣ ϥѣ ϟѣ  

N2 5 (3.05%) 7 (4.27%) 7 (4.27%) 19 (11.59%) 

N1 17 (10.37%) 14 (8.54%) 15 (9.15%) 46 (28.05%) 

C2W 19 (11.59%) 18 (10.98%) 20 (12.20%) 57 (34.76%) 

C2E 19 (11.58%) 21 (12.80%) 27 (16.46%) 67 (40.85%) 

CC 35 (21.34%) 28 (17.07%) 43 (26.22%) 106 (64.63%) 

C1E 23 (14.02%) 19 (11.59%) 29 (17.68%) 71 (43.29%) 

C1W 25 (15.24%) 13 (7.93%) 14 (8.54%) 52 (31.71%) 

S3 24 (14.63%) 22 (13.41%) 29 (17.68%) 75 (45.73%) 

S2 23 (14.02%) 20 (12.20%) 29 (17.68%) 72 (43.90%) 

S1 7 (4.27%) 12 (7.32%) 13 (7.93%) 32 (19.51%) 
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2.1ȳ ѡ Є ☼ П ẗ ȴ Ɫ ѡ Є ☼ Ȳ ᴯⱢӂѠеṭȷ Ɫ ӭП иȴ 

 

 

2.2ȳЊ ȳ Ṿ ȳ Пѡᶁ ẗ ȴ Ɫѡᶁ Ȳ ᴯⱢm/sȷ Ɫ ӭП иȴ 
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2.3ȳ Пḕѡ0000-2359 LSTПCIиӁȴḕ ꞋⱢ ӴПCIȲ ᴥⱢ Ӣ Ȳр∟ ◕12-

18 LSTѿ ᴥṆῶӱȲỏ 19-23 SLTѿּמᴥṆῶӱȲ ỏᴟ 00-04 SLTѿ ᴥṆῶӱȴ ᴥ

иᵑⱢ Ỵ ȳ Ἰ500еѐ 2500еѐ ȴ 
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2.4ȳр∟CI⇔иӁ ȴ Ɫ֮ᶮ ⇔ȷ ᴥ Ɫ Ỵ Ἰ500еѐ ȷ ᴥ Ɫ

⇔ Ȳ Ɫ5/0.5ïĖ0.5ïȲṳӣ ‌ᴥȳּמᴥ иᵑ ӱ10/0.5ïĖ0.5ï 20/0.5ïĖ0.5ïП ȴ 
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2.5ȳֽ 2.4ȲᵀⱢҖ ПὍЄ ȴ 
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2.6ȳֽ 2.4ȲᵀⱢМ ПὍЄ ȴ 
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2.7ȳֽ 2.4ȲᵀⱢ⁮ ПὍЄ ȴ 
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2.8ȳCCIṶԈᵒ ☼ ȴ 

 

 

2.9ȳ ᾎП▐ ȴὓὊⱢ ẗ ȲwⱢ П ȴ 
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2.10ȳὖὈὊ(ϱ ) ὓὊ(ϯ )Пӱ ȴ ῶӱCCIṶԈȲ ῶӱNullṶԈȴ 

 

 

2.11ȳ и Пӱ ȴ ῶӱCCIṶԈȲ ῶӱNullṶԈȲ ᴥ ᾭ ⱢPDFП ȴ 
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3.1ȳ֢ ПCCIṶԈ Ӣ ⇔ … ȴ 

 

 

3.2ȳЍ ֮ CCIṶԈ Ӣ П ᾭ ȴ Ɫи Ȳ Ɫ Ӣ ȴ 
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3.3ȳֽ 3.2ȲᵀⱢЍ ᾼCCIṶԈ Ӣ ᾭ ȴ 
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3.4ȳ7-9ѣCCIṶԈ Ӣ ȴ ȳ ȳ ᴥиᵑ҅ῶϝȳϥȳϟѣП ѣ Ӣ Ȳᴖ   ҅ῶ

П Ӣ ȴ 
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3.5ȳҖȳМȳ⁮ Ѝ Пᴞṝ вCCIṶԈ … Ȳ ҅ῶ ȴҿϱⱢ 7-

9ѣȲҢϱⱢϝѣȳҿϯϥѣȳҢϯⱢϟѣȴ ⱢB Ȳ Ɫ A ȴ ᴥῶӱ B צ CCIṶ

Ԉ ȲA ֝ϚѡϷצCCIṶԈП Ȳᵛὖὃȿὄȴ 
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3.6ȳֽ 3.5ȲᵀⱢҖȳМȳ⁮ ὑẔ Ẓ֮ ПCCIṶԈ … ȴ 
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3.7ȳֽ 3.5ȲᵀⱢЍ Ѝ ἒױПCCIṶԈ … ȴ 
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4.1ȳN1 ПCCIṶԈӂᶁ ȴḕ ꞋⱢ Ȳ ᴥⱢ ӂȲ ᴥ ᶮⱢӭ ȲҿϱѠⱢ ᴕӂ

ᶁ ȴ ᾼ Ɫ2.5 m/sȲ  Ɫ5 m/sȴ 
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4.2ȳN1 ПNullṶԈӂᶁ ȴḕ ꞋⱢ Ȳ ᴥⱢ ӂȲ ᴥ ᶮⱢӭ ȲҿϱѠⱢ ᴕӂ

ᶁ ȴ ᾼ Ɫ2.5 m/sȲ  Ɫ5 m/sȴ 
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4.3ȳֽ 4.1ȲᵀⱢN1 CCIṶԈПӂᶁד ⇔ȴ 

 



58 

 

4.4ȳֽ 4.3ȲᵀⱢNullṶԈПӂᶁד ⇔ȴ 
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4.5ȳֽ 4.1ȲᵀⱢCCIṶԈПӂᶁ ֥ѩȴ 
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4.6ȳֽ 4.5ȲᵀⱢNullṶԈП ֥ѩȴ 
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4.7ȳֽ 4.1ȲᵀⱢCCIṶԈПӂᶁד ᴯ ȴ 

 



62 

 

4.8ȳֽ 4.7ȲᵀⱢNullṶԈПӂᶁד ᴯ ȴ 

 



63 

 

4.9ȳֽ 4.1ȲᵀⱢCCIṶԈПӂᶁU ȴ 

 



64 

 

4.10ȳֽ 4.9ȲᵀⱢNullṶԈПӂᶁU ȴ 
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4.11ȳֽ 4.1ȲᵀⱢCCIṶԈПӂᶁV ȴ 
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4.12ȳֽ 4.11ȲᵀⱢNullṶԈПӂᶁV ȴ 
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4.13ȳN1 П ⅞ (467050)֥ѩPDF NPDFȲӦҿϱᴟҢϯṼᶧⱢ06-14 LSTȴ иᵑ

҅ῶCCIṶԈ NullṶԈȲ иᵑ҅ῶPDF NPDFȴ 

 


















































































