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Piece-by-Piece data assimilation method and its 

implement on a severe rainfall associated with Southwest 

vortex 

Ling Huang 

Directed by Zhiyong Meng 

ABSTRACT 

   Targeted observation aims to locate an area of a certain weather system in which 

adding extra observation may produce more benefit to the forecast accuracy than in 

other area. There are two main issues in current targeted observation studies. Firstly, 

the linear-error-growth assumption in current targeted observation strategies cannot 

fully depict the nonlinear feature of atmospheric motion. Secondly, the validation of 

targeted area mostly based on comparing the control experiment and the forecast of 

assimilating targeted observations. In this scenario the good forecast is only attributed 

to data assimilation, instead of targeted observation. The objective of this work is to 

develop a fully nonlinear targeted observation strategy, and examine the impact of 

targeted observation on mesoscale system identified by forecast metrics of different 

nonlinearity in a reasonable way. 

     Piece-by-piece data assimilation (PBPDA) was a fully nonlinear-error-growth 

assumption targeted observation strategy. It uses a fully nonlinear forecast model to 

assimilate observations from different location piece by piece, to identify an area that 

reduces forecast error most. This method is free of linear error growth assumption, 

and is capable of utilizing different forecast metrics to define targeted area. In this 

study, we examined quality of target area for forecast metrics with different 

nonlinearities for a mesoscale convective vortex (MCV)-associated heavy rainfall 

event from both a deterministic and probabilistic perspectives.  

    Targeted areas identified in single model run is unreliable. From deterministic 

perspective, apparently different target areas were found for different members, even 
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for those with very small differences for both forecast metrics, with a larger 

variability observed for rainfall than total energy. Probabilistic target areas were 

created by averaging data-impact index values over the ensemble. Significant 

differences existed in their quality in the verifying data assimilation experiments. For 

total energy, assimilating data in an inaccurate target area decreased the forecast error 

at a similar magnitude as that in the target area. The error reduction obtained by 

assimilating data in either the target area or inaccurate target area were both larger 

than that obtained in the no-data-assimilation experiment, indicating the effect of 

target area was insensitive to the location, which maybe the reason why the field 

campaign were successful. For rainfall, however, much larger error reduction was 

obtained when assimilating data in target area than that in inaccurate target area. The 

magnitude of error reduction by assimilating data in inaccurate target area was almost 

comparable to that obtained in the no-data-assimilation experiment, indicating the 

effect of target area was sensitive to the location, and only the targeted observation 

could effectively improve the forecast skill.  

We further examined the sensitivity of targeted areas from piece-by-piece data 

assimilation to the model error and initial error. We introduced initial error by 

utilizing a different background error covariance and introduced model error by 

utilizing a different cumulus parameterization scheme. The sensitivity was found to be 

highly relevant to forecast metric we are focusing on. For total energy, the targeted 

areas in probabilistic perspective is not sensitive to the model error, but sensitive to 

the initial error. For rainfall, the targeted area was highly sensitive to the model error 

introduced by the cumulus parameterization. A different cumulus parameter could 

change the location of targeted area from the south of the initial vortex center to the 

north. However, the target area for precipitation is not sensitive to the initial error. All 

the discussion above may be resulted from the nonlinear feature of PBPDA. 

    The sensitivity of PBPDA to model/initial error is related to the nonlinear feature 

of this method. The sensitivity of a linear targeted observation method, namely 

ensemble transform Karlman filter (ETKF), to initial and model errors was then 

examined to prove it. ETKF is neither sensitive to the initial error nor the model error, 
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which is quite the different from the feature of PBPDA. It is likely due to the linear-

error-growth feature of ETKF. 

KEY WORDS: data assimilation, targeted observation, ensemble forecast, mesoscale 

system  
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1.1  

̆Ӟ ̆ 20ҕ 90 ף

̂Snyder, 1996̃̆ ѿҩ ̆ ̆

῏ № ׆̆ ⁞ Ҍ ̂Langland, 

2005̃̆ ҩ Ȃ ⌠ 20ҕ 50

̆ף ‰ 500 ל

ᵝ ‰ ̆ ҙⱵ ѿҩ ⱴ ץ

Ҍ ׆̆ ⌠ № ̂Riehl, 1956̃ȂSnyder̂ 1996̃ ҩ ̆

₮ľ Ŀ Ȃ 

ץ₮ ̆ Ҍ ѿ

↓ Ҭⱴץ Ȃ ̂Fronts and Atlantic 

Storm-Track Experiment, FAXTEX; Snyder, 1996̃ȁ ̂North 

Pacific Experiment, NORPEX; Langland et al., 1999̃ȁ‏

̂Winter Storm Reconnaissance Program; WSRP; Toth et al., 2002̃ȁ

⅞̂Dropwindsonde Observations for Typhoon Surveillance near the Taiwan 

Region; DOTSTAR; Wu et al., 2005̃ȁῃ ҍ ̂The 

Observing System Research and Predictability Experiment; THORPEX; Stringer 

and Truscott, 2004̃ץ THORPEX֒ ̂T-PARC, Aberson, 2011̃

Ȃ 

֓ ѿ ҉ ԅ ̆

ᶛ Bergot (2001) ≠ ҈ № № ᵀԅ 20ҩ FASTEXᶛ Ҭ

ᵬ Ȃ ԅ ӊ ̆ 24

Ҋ ԅ 10%̆ ֓ᶛ ⁞ 51%̕ Szunyogh et al. (2000, 

2002)  Toth et al. (2002) ̆WSRP Ҋ ȁ



֤   1101110171  

2 

 

ץ ԅ 70% D̕OTSTAR 2003~2009

, 60% ҩᶛ1~5 ⁞ ԅ10~20%̆

ғ ԅ 90% ̂Chou et al., 2011̃Ȃ 

ᵖ ̆ ̆

Ҍ ȂChou et al. (2011) T-PARC DOTSTAR

ԍ ̆ ᶏ NCEP ᶏ ECMWF

ᵬ Ҍ ȂXie et al. (2013) 2009 ᾥ

̆ Ȃ

̕Hamill et al. (2013) 

2011 WSRP 120 ̆ ҩ Ҭ

̆ ᵞԍ ╠ ᵬ ŀŀ₮ ֓Ҭ ̆

Ȃ ȁ ȁ

ҙⱵ Ҭ ̆ ҙⱵ № ̆ ṿ

Ȃ

№ Ȃ 

₮ ҹԅ ῏ ∆ ׆̆

‰ Ȃ № ᵬ № ̆

ױ ╠ Ȃ ׆ ₮ ̆

ⱴ Ҍ Ȃ  

1.2  

1.2.1 Ὶ  

⁞ ̆̓͂ ԍ ᵥ ≢

Ȃ №ҹң ̆ѿ ԍᵄ ̆

̂breeding; Lorenz and Emanuel, 1998ȁ̃‰ ̂quasi-inverse linear 

method; Pu et al., 1997̃ȁ ̂linear singular vector̕ LSV; 

Palmer et al., 1998̃ȁᵄ ̂adjoint sensitivity gradient; Langland and 
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Rohaly, 1996̃̆ ᴆ ꜚ̂Conditional nonlinear optimal perturbation; 

CNOP; Mu et al. 2003̃ ̂Adjoint-derived sensitivity steering vector; 

ADSSV; Wu et al., 2007ã ̕ԋ ԍ № ȁ Ҍ ̆

̂ensemble transform; ET; Bishop and Toth, 1999̃ȁ

̂ensemble kalman filter; EnKF; Hamill and Snyder, 2002̃ȁ

̂ ETKF; Bishop et al., 2001̃ȁ № ̂ensemble 

sensitivity analysis̆ ESA; Hakim and Torn, 2008̃ Ȃ ԍ

ӈѿҩ ₱ ∆̆ ₱ ѿ ҹ

Ȃ 

 

1.2.1.1 Ẑ  

̆ ҹ҈ҩ Ȃѿ

ԍ ᵌẊ Ȃ ѿ ԍ № ҬȂ

ԍ ȁ Ȃ

Bishopԍ 2001 ₮̆ WSRP Ҭ∆ ⌠

̂Majumdar et al., 2002̃Ȃ

҉̆ ῀ ̆ ̆ № ᴰ ⌠

┴̆ ⌠ ̆ ῤ ⁞ ₱

Ḥ ȂḤ ṿ ↕ ῤ ῤ

ΐ ̆֞ ҹ Ȃ ԍ

̆ Ȃҍ

̆ № ᵄ ̆ №

ᴰ ⌠ ┴̆ ̆ῒҍ

Ancell and Hakim (2007) Ȃ ң ԍ ᶏ

ԅ ᵌ̆ ῒ ӈ ҍ ⌠ ҉ ѿ

Ȃ 

ҍ ԍ Ҍ ̆ ԍᵄ ̆

↕̆ ℗ ᵄ Ȃ



֤   1101110171  

4 

 

̆ ∆ ҉ ̆

Ȃ ṿ ҹ ̂Palmer et al. 1998̃Ȃ Ẋ

∆ ᾟ№ ̆ ῤ̆ ץ

℗ ᵌף ̆ Ҍ Ӟ̆Ҍ ∆

Ȃ 

ҹ ⌠ ‰ ╠ֲ̆ ԍᵄ ҍ ԍ

̆ ⇔ ѿ ȂLeutbecher (2003) 

ѿ ᶏ̆
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Ȃ ѿҩ Ȃ 

ԍ Ẋ Ӟᵣ Ҍ

ⱬ Ҍ̆ ⌠ Ҍ

ȂAncell and Hakim (2007) ‏ ̆ ᵄ

ң ӈ ̆ ң ⌠ ᵝ ȁ ҉

̕NORPEXҬ ҍ

҉ ̂Majumdar et al., 2002ã̕ Majumdar et al. (2006) 

ῃ ӈ ̆ ԍ

̆ң ᵌ ԍ ȂWu et al. 

(2009) Ӟ ᵌ Ȃ҉ץ ԍ Ҍ̆

ᵌ Ҍ ⱬ̆׆ Ȃ 

ҹԅᾥ Ҍ ̆Mu and Duan (2003) 

ᴆ ᴨ ꜚ ῀ ҬȂ ᴆ ᴨ ꜚ

҉̆ ῀ ̆
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ѿҩ ̆ ץ Ҭ ∆ ̆

∆ ̆ Ȃ ̆ ᴆ ꜚ

̆ Ṣꜛԍ℗ ᵄ Ȃ ԍᵄ Ώ № ̆

ץ ̆ ץ

ΐ ѿ ȂWang et al. (2010) ≠ ̆ ⱬԍ Ҍ ᵄ

ᴆ ᴨ ꜚ Ȃ ̆ ╠ׅ ԍ ̆

ԍ ҬȂ 

 

1.2.1.2 ‼ 

ԋҩ ̆ ԍ ӈ ‰ ̆

Ҍ Ȃ № Һ ԍ ԍ ӊҬȂץ

ҹᶛ ῒ̆Ḥ ԍ ╠

̆ ↕̆ ꜚ ⌠ ȂBishop et al. (1999) ₮̆

Ҋץ⌠ └̔ ᾢ №

ץ̆ ᶫ ̕ ꜚ ү ̆ ᶏ

Ȃ ᶭ ԍ

‰ Ȃ ̆ ₮

ᵀ ̆ Ҍ ̆ ᵀ ӞҌ ₮̆ Ҍ Ḡ

ῒ ⁞ Ȃ 

 

1.2.1.3  

҈ҩ ̆ ӈ Ȃ

№ Һ ԍ ԍᵄ ҬȂ ץ

∆ Ҭ № ̆ ԍ ̆ ֓

№ ӊ ᴪ ѿ Ȃ ’ ̆ ѿҩ№

ף ’Ȃ ᶏ ̆

ԍῒҬѿҩ№ ӈ ̆ Ӟױ ∞ ῒ

ӈ ҍ ≢ȂMajumdar et al. (2006) 
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ԅᶏ Ҭ Ҭ ̂European centre for medium-range weather 

forecasts; ECMWF̃ ´ῃ ̂navy operational global 

atmospheric prediction system; NOGPAS̃ 78ҩ ᶛ

ῃ № ̆ Ҍ ⌠ № ᵌ

̂ ᵝԍ Ҭ ̃̆ ᵖ ṿ ᵝ Ҍѿ ̆ ѿ֓ᶛ Ҭ Ҍ

ӈ ṿ 400Ὲ Ȃ҉ץ ң ⌠ ᵝ ̆

Ӟ ̆ ≢ȂWu et al. (2009) Ӟ ԅ ᵌ ȂAncell 

and Mass (2008) ≠ ᵄ ѿҩ Ҭ

̆ ∆ Ҍ ᶭ

Ȃ҉ץ№ Ҍ ѿ ̆ ľ׆

Ŀ ӈ҉ Ȃ 

ԍҌ ᵌȁץ ⁞ ᵬҹ

ӈ ‰ȁ׆ ӈ ̆ ֓

҉ᴪ ӈ Ҍ‰ ׆̆ Ȃ

ᵥ ѿ ῃ ץ̆ ⁞ ᵬҹ ӈ

‰̆ ӈ Ҭ ̆ ѿ

ҩ Ȃ 

1.2.2  

ᵌ ‗̆ ԅ ץ

₱ ᴪ ⌠ѿ └Ȃ 

 

1.2.2.1  

ץ₮ ̆ ѿ ↓ Ҭ ⌠ Ȃ ֓

ѿҩ῍ ̆ ԍ ȂFASTEX

̕NORPEX ȁⱴ ‏

̕WSRP қ 24 96

̕DOTSTAR ̕THORPEX ҉
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̕T-PARC THORPEX ҉̆ ⌠֒ ̆

1.1 Ȃ̂ Ҭ 2̆016̃  
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↕ҹ Ȃ ֓ Ҭ ӈ

Ҍ ̆ ԍ ‰

Ҍ ̂Langland 2005̃Ȃ

̆ ̂ ̃‰ ̂ 1.1̃ ̆Ғ

⁞ Ȃ 

Ҭ ̂mesoscale convective systems, MCS̃ ̆

ӊѿ̆ ȁ ȁ Ȃῒ ȁ

ꜚ ȁ ⱬ ̆ ԅҤ ̂  ̆2008̕  

2̆008̕ ᵥ  2̆007̕ – ⱬ 2̆010̕ 1̆986̃Ȃ ԍ

Ҭ̆ ῒ ⱬ № Ȃ Ҭ

Һ ∆ ᴆ Ҍ Ҍ ̂  ̆

2006̕ Wang et al., 2003;  ̆2012̃Ȃ ֓Ҍ ̆ѿ ╠

Ҍ ץ Ҭ Ḥ ̆ ∆ Ҍ ̕

ԋ ꜚ Ҍ ‰ ȁץ

ᴆ ҈̕ ԍ ∆ ҍ ’

Ẓ ̆ ֓ ׆ ᶏ ΐ  (  2̆015)̕Ȃ

Dabberdt et al. (2005) Ӟ ԅҬ № Ҭ

ᵬ Ȃ ԍҬ ΐ Ҍ ̆ ױ ∆ ΐ

̆ Ҭ ᴪ Ȃ ̆

ԍ ҉ ᵌ ץ̆ ҹҺ Ҭ

ҙⱵҬ Ȃ Ҭ

Ȃ 

 

1.2.2.2   

ᵣ ̆ Ҭ ӈ ₱ ԍ

̆ᶛ ȁ ȁ ץ ῃ ŀŀ

֓ ѿ ᵬ ̆ ҉ ԍ

∆ ᵌ ̆ ץ ‰
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⌠ ֓ ῏ Ȃp ԍѿ֓ ↕̆Ҍѿ

⌠‰ ȂXie et al. (2013) 

̂observing system simulation experiment; OSSẼ̆ ԅץ

ӈ ᾥ Ȃ

ԅ ԅ ȂXie ֲ ῒ

ҹ ᶏ̆ ≢

⌠ └ȂҌ‰ ⱴ҉ ԍ ᶭ

Ҭ ᵬ ̆ ֓ № Ҭ ᴰ ̆ ῃ

№ ׆̆ ᵞ Ȃ Ӟ Hill  et al. (2013) Ҭ

₮Ȃ ԍ ҍῒ╠ ꜚⱬ Һ ̆

ҹ Ȃ ≠ ӈ῏ԍ

ҹ Ȃ ȁ ‰ Ҍ

’Ҋ̆ ⱬ̆ ҹ ῏ Ȃ

ԍ ѿ ̆ ᶏ ̆

ῒ Ȃ 

1.2.3  

ԅ ̆ ᵬ ̆ ᴇ

Ȃ ∆ ̆ Ҭ ѿ ҉ᵌӍ ñ

òԅ ̔  DOTSTAR Ҭ 

2003~2009 , 60% ҩᶛ 1~5 

⁞ ԅ 10%~20%̆ ғ ԅ 90% ̂Chou et al., 2011̃̕Bergot 

(2001) ≠ ҈ № № ᵀԅ 20ҩ FASTEXᶛ Ҭ

ᵬ ̆ ԅ ӊ ̆ 24 Ҋ

ԅ 10%̆ ֓ᶛ ⁞ 51%̕ Szunyogh et al. (2000, 2002)  

Toth et al. (2002) ̆WSRP Ҋ ȁ

ץ ԅ 70% ̕Langland et al. (1999b) NORPEX

2 ԅ 10%ŀŀ ֓ᶛ



֤   1101110171  

10 

 

̆ ᵌ ̆ ᵬ Ȃ 

̆ ԍῒז ̆

⁞ Ȃ ҉ ץ ̆ ԅ ╠ ҍ

̆ῒ ᵬ Ȃ ԍ ̆

ȂYamaguchi et al. (2009) 

≠ DOTSTAR 2004 ľ Ŀ ԅѿ ↓ ̆

Ҍ ̂ ̆ῃ ̃ ̆

ľ Ŀ қ ꜚ ̕Torn 

(2014) ԍ ҩ ҩᶛ ̆ 3~5 ҩ

̕Kang and Xu (2012) ҍ

̆ ᵬ ԍ Ȃ ֓

ᶏ ԍ ᵌẊ ⌠ ̆

ΐ Ҍ

ѿҩ ӊ ̆ Ӟ ῏ Ȃ 

1.3 Ὺ  

ԍ ԍ ȁ ȁ ԍ ѿ

ӈ ᵬ̆ ԍ ῃ ȁ

Ҭ ȁ ԍҌ ӈ

Ȃ ᵥ ⌠ ȁҌ ӈ ҍῒ

ᵥ ȁ ҍ ֓ ̙

֓ ῏ ֗ ‗ Ȃ ֓ ̆

Ҋץ ̔ 

1.  ѿ ῃ ĺĺ Ȃ ≠

ῃ ̆ № ̆ Ҍ ᵝ ̆

⌠ᶏ ⁞ ̆ ӈҹ Ȃ 

2.  Ҭ ԍҌ ӈ

Ȃ ᶛ ̕ң Ҍ ҹ
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ĺĺ24 ̆ҍ ĺĺῃ Ȃ ׆

ңҩ ӈ ̆ №≢ ῒ

ץ̆ ∆ / Ȃ 

3.  ԍ╠ֲ ᶏ̆ Ȃ

῀ ̆ ԅ ȁ ץ Ҍ

̆ ⌠ Ȃ 

4.  ῃ ̂ ̃ҍ ̂

̃ ӈ ∆ ԅ ҍ

ῃ Ȃ 

1.4 ∕  

1. ԅѿ ῃ Ȃ 

2. ԅҬ ῒ Ȃ 

3. ԅҌ Ȃ 

4. ԅ ῃ ҍ /∆

Ҍ Ȃ 

1.5  

2008 6 11 ῒ ҩᶛ Ҋץ

҈ҩ ̔̂ 1̃Ҍ ӈ ̂̕ 2̃

Ҍ ӈ ԍ∆ ̕

̂3̃ ӈ ҍ ӈ

Ȃΐᵣ Ҋ̔ 

ѿ   

̆ ₮ ╠

ῤ Ȃ 

ԋ  ҍ  
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׃     ᶏ ṿ ȁ ῒ̆Ҭ ҹ ׃

ꜚⱬ ȁ ץ ѿ֓ Ȃ 

҈  ҩᶛ № ṿ  

№ ׃̆ ȁ ̂

̃ Ȃ≠ ṿ ῒ ̆

Ȃ 

  

׆ ңҩ ̆ ̕

Ԑ ῀ ῀∆

̆ ԍҌ ӈ ң

Ȃ 

ԓ  PBPDAҍ  

׆

ҍ ̆ ҍ

Ȃ 

Έ  ҍ  

ῃ ̆ ѿ Ȃ 
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ԑ  ғ  

    ̆ № Ҭ ᵬҹҬ ѿ

ΐ̆ῒ Ȃ ╠ ῤ Ҭ

Oklahoma APRŜ the advanced regional prediction system̃ȁ

Ҭ ѿףῃ ѿ GRAPEŜ global/regional 

assimilation and prediction system̃ȁNCEP └ MM5̵ the Fifth-

Generation Pennsylvania State University (PSU)-National Center for Atmospheric 

Research (NCAR) Mesoscale Model̷ Ҭ ץ ⱬ № Ҭ

WRF (The Weather Research and Forecasting model)ȂῒҬWRFᵬҹ MM5

ѿ̆ף ԅ ׂҹ Ҭ ̆ WRF

Ҭ ҹ ⱳ̂Liu et al., 2012; Wilmot et al., 2014̃Ȃ ̆

ᶏ WRF ᵬҹ ΐ̆ ץ NCEP № ̂Final Operational 

Global Analysis; FNL̃ᵬҹ∆ ᴆ Ҭ Ȃ

WRF FNL Ạ ׃ Ȃ 

ב 2.1  

2.1.1 WRF ‟ 

ҹWeather Research and Forecastinĝ WRF̃ , 

Ҭ ̂NCAR ȁ̃ ҍ ̵ Ҭ ̂NCEP̃

̂Forecast Systems Laboratory; FSL̃ ȁ̷ ´ ̂air 

force weather agency; AFWA ȁ̃ ´ ̂United States Naval 

Research Laboratory̆ NRL ȁ̃ḇᾥ ץ ̂federal 

aviation administration; FAÃ ῍ ȂWRF ѿҩ ȁᾢ

ȁ ȁ ҍҙⱵԍѿ ̆ ‗ ҹ₃

₃ ȁ ҹ 7 ῤץ ȂWRF 2000

ץ ̆ ҹ ⅞ Һ Ҭ ӊѿ̆ ҹ
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ԍҌ ̂ Hurricane WRF̃ ̆ 2008

6000 Ȃ ╠WRF ԍҙⱵ Ҭ̆ ԅ

̂Clifford, 2011̃ ȂWRF №ҹ ARŴAdvanced Research WRF̃ NMM

̂Nonhydrostatic Mesoscale Model̃ңҩῤ ̆ Ҭ ARW 

3.2 ̂Skamarock et al., 2008̃Ȃ 

 

2.1.2 WRF ꜠Ⱶ  

WRF ῃ ⱬ ̆ ̆

№҉ᶏ Runge-Kutta № ̆ №҉

ȂWRF ῃ ⱬ ̆

Ȃῒ ԍ ᵄ ̆ ҹ C (Arakawa-

C) ̆ ᶏ ԅ № Ҋ № ȂWRFΐ ῃ

ⱬ̆ Ȃ

̆ ȁ Ԑ ȁԐ ȁ

ȁ Ȃ № ȁ ȁ № ȁ

ȁ Ȃ 

WRF-ARW Һ ҈ҩ ̂ 2.1̃ ̔ ╠ ̆Һ ץ

Ȃ ╠ ҹҺ ᶫ∆ ᴆ̆ ‰ WPS (WRF 

Preprocessing System) № № ̂҈ № №̃ №̆ῒҬ

WPS № ȁ № ȁ

ץ ṿ ╠ ̕ № №≠

∆ ᴆ Һ̕ ҩ

Ҍ̆ᵖ ∆ ̆ ғ № ῤ

№ ̕ № № Һ̆

⌠ ‰ ȁ № Ȃ 
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2.1.3 WRF  ב

WRF Һ ̔ Ԑ ȁԐ ȁ

ȁ ȁ Ȃ ⌠ Ԑ

̆ ₃ ῏ ᵬ ׃ Ȃ 

Ԑ ԍ Ԑ Һ̆ Ҍ

҉ Ҋ ꜚ Ȃ ҉̆ Ԑ

̂ ԍ 10 km ̃ ̂Kain et al., 2008̕  Weisman et al., 2008; 

Schwartz et al. 2009̃̆ № ȁ №ץ ̆

Ҍ Ԑ ԅȂҊ ׃ ң Ԑ ̔ 

1̃Kain-Fritsch ̂KF; Kain, 2004̃Ȃ KF ̂Kain and 

Fritsch, 1990, 1993̃ ҉̆≠ ѿҩᵄ ҉ Ҋ Ԑ

̆ ԅԐҬ҉ ῀ Ҋ ₮

Ȃҍ ̆ KF Ҋץ ̔ Ҍ ȁ

῀ ῀ ץ └ ̆ ⌠

Ԑ ҉ ꜚ ӈҹ ץ̆ ӈҹᵞ ₱ Ȃ 

2̃Grell-Devenyi ̂GD; Grell and Devenyi, 2002̃Ȃ ҩ

2.1 WRF №̂Skamarock et al., 2008̃  
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ῤ ̆ Ȃ ֓

ҹ ̆ᵖῒ ҉ Ҋ ≢Ȃ ֓

ҍꜚⱬ ̆ ץ ӈԐ Ȃꜚ ⱬ ̆

ᵝ ȁᵞ ץ └Ȃ 

ב 2.2  

2.2.1 WRF  ב

    ѿ ᴨ ‰ ̆ Ҍ ȁҌ ȁ Ҍ

ҍ ṿ ̆ ῀ ѿ № ̆

ҍ ԑ ᴨ ῏ ̆ᶏ№ ⌠ ̂ ᾝ  , 

2007̃Ȃ №ҹң ̔ѿ ̆ ѿҩ̂ ѿ ̃

ᴨ ̕ ѿ № ̆ ṿӊ ̂

ҹ ₱ ̃ ᶏ∆ ᴆ ᴨ ȂWRF

WRFDA № ̆ ҈ №̂3DVar̃ №̂4DVar̃ ̆

Ҭ ̂NCAR̃ Ҭ ̂Mesoscale and 

Microscale Meteorology Laboratory; MMM̃ ̆ ᵬҹ

⌠ҙⱵ ҬȂ҈ №ҍ № ̆ ̆ ̆

ҹҕ ҙⱵҬ ᶏ ѿ ̂ NCEP̆ Ҭ

ҙⱵ Ҭ Ȃ̃ ᶏ ҹ҈ №Ȃ 

2.2.2 WRFҎ ⅎ  

҈ № ∆ ȁ Ḥ ̆ ⁞ ₱

№ Ȃ҈ № ₱ ӈҹ̂Ide et al., 1997̃̔  

ὐ● ὐ ὐ ● ● ║ ● ● ◐ ◐▫ ╡ ◐ ◐  ( 2.1) 

ῒҬ̆ x ̆xb ᾢ ̂ ᵬ ̃̆ yҹ

⌠ ̆yo ̆B0ҹ xb
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̆Rҹ yo Ȃ 

҈ №֟ № xa ₱ ̂2.1̃ ⌠ ṿ̆  

ὐ● ÍÉÎ
●
ὐ●                  ( 2.2) 

№ xa ₱ ̔ 

 ɳ*● ║ ● ● ╗╡ ◐ ◐            ( 2.3) 

Ҭἒ
◐

●
̂ ⌠ y ̃ ℗ ̆

HT ᵄ Ȃ ₱ ̂2.1̃ ṿ̂ № ̃ ץ

ף ⌠Ȃ 

 

WRF-3DVar 2.2 Ȃ ᾢ WRF ῒ╠ WPS

Ḥ xb ᴆ xlbc̆Ῥ ╠

̂OBSPROC̃ ⌠ ȁ ῒז ⌠

̂B0̃̆ ѿ ῀WRFDA ̆ № ̂xã̆ ᶏ №

̂xã ᴆ xlbcȂ № ᴆ ῀WRF ̆

̆ ⌠ ̂xf Ȃ̃ 
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WRFDA׆ 3.1 ̆ Ҍ Ȃ

̂CV3̃ NCEP ԍ NMC ̂Parrish and Derber, 1992̃ ֟

̆ ѿ ῤ 357ҩᶛ GFS 24 48 ῃ ᵀ ⌠̆

ῒ ₱ ₱ ȁ ȁל ȁ

Ẋ ᵝ ̆ ֓ ҍ ̂uȁvȁtȁq ̃ӊ ῏ ῒ

ȂCV5 CV6 WRFDA ң ȂCV5

ҍ CV3 ̆ CV6 ↕ᶏ Ẋ ᵝ №Ȃҍ CV3

֟ ̆CV5 CV6ᶏ ҩᶛ ҩ 12 24

ᵀ Ṝ ̆ΐ ҉ ᶭ Ȃ

╠ֲ Ҭ ₮ CV3ҍ CV5̂CV6̃ ᴨⱷ̆ῒ ҍ ᶛ

῏ Ȃ῏ԍ҈ № ׃ Barker et al. (2004)Ȃ 

 ב 2.3

ṿ ∆ ᴆץ ’№ NCEP ῃ

№  (final analysis; FNL)ȂFNL ѿҩ ῃ

̆ № ҹ 1.0°¦1.0°̆ ҹ 6 ̆ ԍ

№ ҍ ṿ ҬȂ FNL ῃ ̂Global Data Assimilation 

System̕ GDAS̃ ̆ ԅ GTŜ Global Telecommunications System̃

ῃ ῒז ҍ ȂFNL ҍ GFS

̂Global Forecast System̃ ῃ ̆ᵖ GFS ԍ

ѿ ץ ȂFNL ȁ׆ 1000hPa 10hPa 26

ȁ ѿ֓ů ץ ֓ ̆

ȁ ȁ ȁ ȁ ῏ ȁ— ȁ ȁ

ȁ ̆ҹ ᶫ Ȃ 

Ҭ ԍ∞ ’ Ҭ ꜚ

̆ῒ № 2.3 Ȃ ̆ Ҭ

Ҭ ῃ Ӟ ԍ Ҭ

ⱬȂ 
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2.4  

׃     ԅ ᶏ Ҭ WRFȁ WRF-

3DVar̆ ץ NCEP FNLῃ Ῥ№ ȁ

ȂῒҬ ҹ ׃ ԅWRF WRF-3DVar Ȃ 

  

2.3 № Ȃ 
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Ҏ  үᶡ ⅎ  

3.1  

ץ     2008 6 12 ҹᶛ Ҭ

Ȃ ԍ NCEP FNLῃ № ȁҬ ꜚ

ҩᶛ № ̆ ≠ WRF

ⱬȂ 

3.2 ẅ  

3.2.1 Ὶ ⅎ  

2008 6 12 ѿ Ԋᴆ̂

3.1̃ Ȃ Ԋᴆҍ Ҭ Ҭ ĺĺ ҹ ̂Tao and 

Ding, 1981̃ ῏ Ȃ ҍ ԑᵬ

3.1 ̂2008 6 12 00 13 00 Ȃ̃ ף

Ȃ 
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Ҋ̆ ԍ 700̂ 850̃ hPa҉ ΐ ѿ Ҭ

ᵞ Ȃ ӈ 700̂ 850̃ hPa҉₮

̆ῒ 300 500Ὲ ̂ ̆1986̃Ȃ ∆ ѿ

ҩ Ҭ ̂ ̆1980̃̆ ₮ Ҍ ̂ ̆

2006̃̆ᵖ ≠ ל Ҋ̆ қ ғ Ҋ

ȁ ̂ ̆1980̕  ̆2003̕ ט  ̆

2010̃Ȃ қ ⌠ ȁ ̆ Ҭ Ҋ

Һ ӊѿȂ ̆ ̆

̆ ῃ ӊѿȂ ̆Ạ ȁ

ҹ Ȃ 

ԍ 2008 6 11 00 ̂ҕ ̕Ҋ ̃

̂ 3.1 Ȃ̃ ᾢ қ ꜚ̆11 18 қ

̆ 13 00 Ȃ ῒ ῤ̆ Ҭ ѿ ԍ 500 hPa

3.2 500 hPa β ל ̂ ̆10 gpm̃ ̂ ̆2K̃,700 hPa

̂ ̆10-5s-1̃ ̂ã 10 12 ̆̂ b̃11 00 ̆̂ c̃12 18 ̆̂ d̃13

00 Ȃל ף ┴ Ҭ Ȃ 
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╠̂ 3.2 Ȃ̃ Ҋל 500 hPa ԍ ̆ ≠ԍ҉ ꜚ

Ȃ 10 18 ̆ ҉ 500 hPa қ ̂ 3.2a, b̃̆ ᵝԍ

҉ 700 hPa ₮ ᵝל Ҭ ̂ 3.3b̃̆ 700 hPa ҉Ӟ

Ҭ ₮ ̆ᵖ ₮ Ȃ11 00 ҍ Ҭ

₮ ̂ 3.3c̃̆ ҹ Ȃ 12 18 ȁ ȁ

ԍ ̂ 3.3d, ẽ ̆ 13 00 ԍ ̂ 3.3f Ȃ̃ 

 

    Ԋᴆҍ 500 hPa ȁ700 hPa ȁ

3.3 700hPaβ ל ̂ 1̆0 gpm̃̆ ̂ ̃ ̂ ̆

10-5s-1̃ ̂ã 10 12 ̆̂ b̃10 18 ̆̂ c̃11 00 ̆̂ d̃12 12 ̆

̂ẽ 12 18 ̆̂ f̃13 00 Ȃ ף ┴ Ҭ Ȃ 
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Ҭ ᵝ ῏ Ȃ 3.4 ̆10 18 ҉ ₮

3.4 6 ̂ ̆mm̃ ȁ500 hPa ̂ ȁ̃700 hPa ᵝל

̂ ȁ̃700 hPa ṿ ̂ ץ̃ Ҭ ̂ ̃

ᵝ ῏ Ȃ 
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̆ ╠ ₮ ԅ ̂ 3.4ã Ȃ11 00 11 12

ҹ ̆ ⁞ ̆ Ҭ ̂ 3.4c̆ d̃̕

11 18 ̆ қ ꜚ Ҭ ̆

̆ ̆ԍ 12 18 ⌠ ̆ Һ Ҭ Ҭ қ

̂ 3.4i̕ט  ̆2010 Ȃ̃ 

ң Ҥ ̆ ̆

ԅ ҩ ̕ ҹҤ 2̆4 250 mm̂

3.1̃̆ ȁ ȁ ȁ 35ҩ ȁ158ֲ҆ ט̂  ̆

2010̃Ȃ 

3.2.2 ┼  

   WRF V3.2 Ȃ Ҭ

33°ȁқ 108.5°̆ ᶏ ң ̆ ѿ

40.5Ὲ ̆ ԅ № ̕ ԋ 13.5Ὲ ̆ ԅҬ

қ ȁ ̂ 3.5 Ȃ̃ № ԍ 6 11 00 ̆ ԍ 13

00 ̆῍ № 48 Ȃ └ ∆ ᴆ 6 NCEP

3.5 WRFң ῒ Ȃ 
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FNL ᶫȂ WRF ῒז 3.1Ȃ

ԍҌ ̆ 12 00 13 00

Ҭ ȁ ȁ ҍ ’ ⌠

ᶃ Ȃ 

└ ₮ԅ ̂ 3.6 Ȃ̃ ᵝԍ ̆

└ Ҭ ̂ 3.6b1̃ҍ ’̂ 3.6a1̃ ҹ ̆ῒ 100Ὲ

ῤ̕ץ └ Ҭ ᵝ ’̆ᵖ Ẓ ̕ ԍ 24

̆ ’Ҭ ₮ Ҭ ̂ 3.6a2̃ ̆ ṿ ԍ 250 mm̆

Ӟ Ҭ ̂ 3.6b2̃ ̆ ᵝ ҍ ’ ֓ Ȃ ’

Ҭ ̂ 3.6a3̃̆ ҬӞ ᵣ

̂ 3.6b3̃ Ȃ WRF ῒ ҹ ⱳ Ȃ 

 

3.1 WRF  

 ѿ  ԋ  

XȁY  40.5km 13.5km 

XȁY  150¦120 181¦136 

№  10m 30s 

 120s 40s 

∆ №

̂UTC̃ 
2008 6 11 00  2008 6 11 00  

№

̂UTC̃ 
2008 6 13 00  2008 6 13 00  

 
WRF Double-Moment 6-

class scheme 

WRF Double-Moment 6-

class scheme 

 RRTMG scheme RRTMG scheme 

 Yonsei University scheme Yonsei University scheme 

Ԑ  
Grell-Devenyi ensemble 

scheme 

Grell-Devenyi ensemble 

scheme 
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3.2.3  

Ӟᵬԅ ̂ 3.7, 3.8 Ȃ̃ ᾢ └ ∆ ̆Ӟ

2008 6 11 00 FNL№ ̆ ⱴ ꜚ̆ ⌠ѿҩ 40ҩ

∆ ȂῒҬ ⱴ ꜚ ≠ WRF-3DVar ̂Skamarock 

et al., 2008̃ ֟ ṿҹ 0ȁ ‰ ȁ ׆ № └ ̂

ȁᵝל ȁ ꜚȁ ̃ ᵬ ⌠ ꜚ

Ȃ ꜚ ҈ №

ľCV3ĿȂ ꜚ ‰ ҹҍ FNL ̆Ӟ ‰ ҹ 1 

Kȁ 2 m s-1ȁ ꜚ 151 Paȁ 0.77 g kg-1Ȃ

ꜚ ̆ ̂ 3.5̃ ҍ

└ ѿ ̂ 3.1 Ȃ̃ 

└ ₮ ȁ ̆

Ȃ ԍ ҩ ԍ TS №̂ threat scorẽ

3.6 6 12 18 ’ҍ └ Ȃ̂ a1̃ ҹ NCEPῬ№

ҍ ̂700 hPa, s-1̃̆̂a2̃ ᵝ 24 ̂6 12 13 ̆mm̃ ̆

̂a3̃ ҹ ̂dbz̃ ̂̕ b̃ №≢ └ ȁ24

Ȃ 
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┴ Ҭ ᵝ ⱴץ ᴇȂ׆ № ץ̆ ԋ

ῤ 24 ԍ 50 mmҹ ṿ 6̆ҩ ̂15%̃ TS № ԍ 0.3, 12

ҩ ̂30%̃ TS ԍ׃№ 0.2ҍ 0.3ӊ ̆▼Ҋ 22ҩ ̂55%̃

ҍ ’ Ȃ ⱬ֞ ׆ 24

№ ₮̂ 3.7 Ȃ̃ ’Ҭ 24 Һ Ҭ ̂

3.6a2̃̆ └ Ҭ 5 ȁ9 ȁ11 ȁ13 ȁ14 ȁ29 ȁ34 ȁ37

39 Ӟ Ҭ ̆ ғ ҍ ѿ Ȃ

҉ ᵣ ’ Ȃ 

3.7 40ҩ 24 ̂12 00 13 00 ̃ ̂ ̆mm̃ Ȃ 
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׆ ᵝ ̆ 3.8 ┴̂12 18 ̃700 hPa

̆ ┴ Ҭ ᵝ Ȃ12 18 № Ҭ̆ Ҭ

ԍ ̂ 3.6a1̃̕ Ҭ̆ Ҭ ᵝԍ ғҍ

300Ὲ ῤץ 2 ȁ5 ȁ14 ȁ15 ȁ20 ȁ26 ȁ34 ȁ

36 ȁ37 ȁ38 ȁ39 ῍ 11ҩ ̆ 27.5%Ȃῒז

Ҭ № ԋ -қ ҉̆

ҍ Ҭ 11 18 қ ꜚ ѿ Ȃ 

3.8 40ҩ ┴̂6 12 18 ̃ Ȃ ף

Ҭ Ȃ 
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3.3  

ԍ NCEP FNLῃ №

№ ̆ ᶏ WRF Ȃ №

̆ ѿ ԍ 500 hPa └Ҋ̆ ҍ ᵝ

ѿ Ȃ 

׆ № ₮̆WRF ₮ ҩ

̔ 

1. Ҭ̆ └ ȁ №

҈ Ԋᴆ̔ ᵝ ҍ ’ ԍ 100Ὲ ̕

’ Ҭ ̕ ┴ №

ᵌȂ WRF ⱬȂ 

2. Ҭ 2̆2.5% Ӟ ᵝ ҉ ’

ṿ ᵣ ̕27.5% ᵝ 300Ὲ ῤȂץ

Ȃ 
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4.1  

ԍ ̆

ԍ └ Ȃ

ῃ ̂PBPDÃ ץ̆ ῒ ҹᶛ̆

ӈ ץ ӈ

̂ ץ̃ ∆ ̂ Ԑ

̃ Ȃ 

4.2  (PBPDA) 

4.2.1  

̂Piece-By-Piece Data Assimilation; PBPDÃ

ԍ ̂observing system simulation experiment; OSSẼ

ȂOSSE ᾢ ץ ᴇ ̔ ᾢ ṿ

ѿ Ԋᴆ̆֟ Ԋᴆ ľ ṿĿ̕ ѿ ῤ̆

Ҍ ԍ ṿ ⌠ ѿҩ ̕ ľ ṿĿ ∆ ֟ ľֲ

Ŀ̆ ѿҩ Ҭ̕ ╠ ң ҍľ ṿĿ

̆ ⌠ ̆ ңҩ ̆ ᴇ ᶏ Ȃ

↕̆ ᶏ ԍ ᴇ OSSE

̆≠ ῃ ̆ № ̆ Ҍ ᵝ

̆ ᶏ ⁞ ̆ ӈҹ

Ȃ 

4.1 ̔ 

1̃∆ Ȃ≠ WRF ҈ № ∆ ┴ NCEP

FNL № ꜚ̆ ҈ № ѿҩ
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ҍ NCEP Ȃ ѿҩ

ҹ ’̕ 

2̃ Ȃ ∆ ̆ ҍ ̂ ȁ ̆

Ḥ ̃ ₮ѿҩ ’ ᵬ

ҹľ ṿĿ̕  

3̃ Ȃ ľ ṿĿ № ꜚ̆֟

̕ 

4̃ Ȃ ҹ ̆ ҍѿҩҬ

ᴏ̆ ץ ҹ

̂Wu et al., 2007b; Peng and Reynolds, 2006; Mu et al., 2009; Qin and Mu, 

2011; Yamaguchi et al., 2009; Qin et al., 2013; Kim et al., 2011̃Ȃ ץ

∆ ┴ᵝ ҹҬ ̆ 1000 km×1000 km

ῤ̆ № ֲ №ҹ ᾝȂ

⌠ ᾝ ̆ 9 ҩ

ѿҩ ᾝ̆ ᾝ Ḡ ῤȂץ ᾝ

ҹ ᵝ̆ ῤ ₮ ̕ 

5̃ ӈ Ȃ ԍ ѿҩ ̆ ∆

┴ ѿҩ ᾝ WRF҈ № ҬȂ

ԍ ֓ ̆ ╠ ҍ ṿ

̆ ץ ӈ ⌠ ᾝ

Ȃ≠ ҩ ᾝ

̆ ץ ⌠Ҍ ᵝ № ’Ȃ

ץ ӈҹ Ȃ ῒז ↕̆

⌠Ҍ ᵝ ҩ № Ȃ

↕ ӈҹ ҩ ҉

ṿ Ȃ 

╠ Ҋ ȁ

’ ҽ̆ ᶏ ⁞ ᵝ Ȃ
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Ҭ ᴋᵥ Ẋ ̆ ⁞ ̆ ѿҩῃ

ȁ‰ ȁ Ȃ 

 

4.2.2  

    ԍ ҹ Ȃ ת̂ wind profiler radar̕

WPR̃ ԍ 20ҕ 80 ̆ף Ҭ ѿ

̆№ҹ ȁת ץת ҈ת ̆№≢

Ҍ ҉ Ȃ ת Ҭ Ҍ ↕ ת̆ ⱳ

ҍ ̂ Ҍ ▲ ̃ Ȃ

ת ̆ ԍ ꜚ̆ ֟

ᴪᶏ Ḥ ῒ̆ ֟ ѿ ⱳ Ḥ ̆ ת

֓ Ḥ Ḥ Ȃ 

ҍת ̆ ᴨ Ȃ 4.1 ԅ ҍת

׆̆ № ȁ ᵬ ȁ ץ ף ץ ⌠̆

ת ᴨ ̔ ѿת 24

4.1 Ȃ 
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̆ ғ ֲṿ Ҋ ᵬ̕ ҹ ҉ ̆Ҍ

̕ № ̆ Ȃ 

ᵬҹת יּ ѿ ̆Ӟ Ҍ ᾧ ̔ ᾢ̆ ⌠

└̆ Ḥ Ҍ ῒ̕ ̆ ԍ ̆ 500

Ҋץ Ҍ ̕ ̆ ԍ ̆ Ạ Ȃ 

ҹԅ ̆ Ҋ̔ 

ᾢ̆ ԍԐ ȁ ̆ Ҋץ Ҍ  ̕

ῒ ̆ ᶏ ⌠ 10£ ̆ ԍ 5.97m/ŝ  , 

2000̃̆ ԍ 5.97m/s Ҍ ῀ ̕ 

̆ Ḥ ̆ 500 Ҋץ

Ҍ ̂ ̆ҩֲ ̆2011̃Ȃ 

4.2.3 ӎ 

ԍ Ҍ Ȃ ᾢ׆

ҍת 4.1 ≢ 
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Ҭ ₮ ṿ̂ 14 ̆ 3.7ȁ3.8̃̆ ׆ ṿҬ ̆

ῒז ╠ᾢ Ȃ ╠ ҍ ̆

ӈҍ ῏ ῏ ̆ ⌠ ѿҩ ᾝ

Ȃῒ №≢ ̂24

̃ ̂ῃ ̃̆ ӈҹ̔ 

2                     ̂ 4.1̃  

 

 &                   ̂ 4.2̃  

ῒҬ̆TS № ԍ ԋ 24 ȂTSDAף

ӊ ԍ ṿ TS № T̆SNoDA

ԍ ṿ TS №ȂDTÊ difference total energỹ ҹ ┴̂6

13 00 ̃ ̆ ҍ ̂Zhang et al., 2003̃Ȃ

DTE ӈҹ̔ 

$4% ВὟ ὠ ‖Ὕ          ̂ 4.3̃ 

ῒҬ Ὗ̆, ὠ Ὕ№≢ ȁ ԍ ṿ ꜚȂ‖ , ὅҹ

ᵣ ̂1004 J kg-1 K-1̃̆ Ὕҹ ̂270 K̃ Ȃi, j, k №≢ x̆

y z̆ ȂDTENoDA ԍ ṿ ῃ

D̆TEDA ԍ ṿ ȂDTE ̆

Ȃ ⌠ ┴ Ҭ ᵝ ̂

3.8̃̆ ᶏ ԋ ̂D2̕ 3.5̃ DTE TS №ȂR

F ⁞ ̆ ṿ ̆ ᾝ

Ȃ 
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4.3  

4.3.1  

4.3.1.1 ӎ  

ᵝ № ‗ Ȃ ԍ 0

№ҹ ҩ ≢̂ 4.2̃̆ ԍ ѿҩ ̆ῒ ᾝ Ҋץ

ңҩ ᴆ↕ ӈῒҹ ѿ̔ ׆ ᾝ ҉ Ȃ

ᾝҩ ̂Nu̕ 4.2̃ ԍ ԍ ᾝ 30%̆ ↕

ѿҩ ᴆȂ ѿҩ ᴆḠ ԅ ҍῒז № ԋ̕ ׆

ᾝ№ ’ ̆ ᾝ

ҩ ̂Np̕ 4.2̃ҍ ҩ ᾝ ӊ ̂Ns̕

4.2̃Ҍ 10Ȃ ԋҩ ᴆ ԅ Ҭ ̆ Np+Ns

ᾝ ᵝ № ̆ҍ ∆ Ҍ Ȃץ 27

R № ҹᶛ̆ 4.2 ̆ 27 4

̂ 4.2 №̃̆ 4 ᾝ ҹ 15̆ ҩ ҹ 3̆

4.2 ≠ 27 ӈ Ȃ ᾝ

̆ ᾝ Ȃ ṿ ∆ ┴

Ҭ ᵝ Ȃ 
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ױ ҹ 15̆ ҉ ңҩ ᴆ̆↕ 27

ҹ 4.2Ҭ Ȃ 

 

4.3.1.2  

ҹ ∆ ᵌ ̆ ᾢ Ḡ

ᵌ Ȃ ԍ ṿ 39ҩ DTE ̂ 4.3̃̆ ∆

┴ DTE 16 ∆ ┴ DTE 13ȁ17ȁ36ȁ37ȁ40

῍ 6ҩ ╧ ̆ ѿ 33ҩ ̂ 4.3 Ȃ̃

33ҩ DTE ҉ ᵌ ∆̆ № Ȃ

▼Ҋ 33ҩ Ȃ 

 

4.3.1.3 ӎ 

    ӈҹץҊң ̔ ᾢ̆ ԍ └ ̆

̂ ᵞ ̃̕ ῒ ̆ ԍ ̆

̂ ᵞ Ȃ̃ Ḡ ᵬ ̆

Ӟ Ḡ ᵬ ᴨԍῒז Ȃ ׆

ңҩ ̆№≢ ̂ ̃ҍ ̂ῃ ̃

ӈ ̆ ῒ Ȃ 

4.3 39ҩ DTE Ȃ ╧ 6ҩ Ȃ 
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4.3.2  

4.3.2.1 ԓ  

∆ Ҍ ԍ 24 ӈ

≢Ȃ 4.4 33ҩ R № Ȃ 4.3.1

ӈ 4̆5% ̂ ̕ 4.4 Ȃ̃Ҍ 24

ӈ ᵝ ȁ ȁ ҉ ≢ ̔

׆ ѿ ̂ 20 ̃ ⌠ ̂ 4 ̃̕

ѿҩ ᾝ̂ 21 ̃̆ 22ҩ ᾝ̂

33 ̃̕ № ᵝ ῒ№ ̆ ᵝԍ ∆ ┴ Ҭ

̂ 27 ̃̆ ̂ 4 ̃̆ ̂ 34 ̃̆ ̂

2 ̃̆ ̂ 11 Ȃ̃ 

4.4 33ҩ ̂R̃№ Ȃ Ҋ Np+Ns ṿ̆ Ҋ

NuȂ ̆ Ҍ

Ȃ ף ∆ ┴ Ҭ Ȃ 
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∆ ┴ȁ ┴ ≢

’̆ 3 ȁ 27 ₮ ̆ ѿ ∆ ┴ ┴

ᵌ ̂ 4.5 Ȃ̃ 3 27

24 ȁ ┴ ȁ ̂ 4.6b, c̃ ȁ

∆ ┴ ȁ ȁ700 hPa ץ DTE №

̂ 4.7 a, b Ȃ̃ ̆ ңҩ ԍ 24 ӈ

ᵝ ȁ ҉ ≢̔ 3 ԍ

⌠҈ ̆ 27 ↕ ⌠ ̂ 4.4̕4.7a1̆ b1̃̕ 3

ṿ Ҭ ̂ 4.7a1̃̆ 27

ṿ ᵝԍ Ҭ ̂ 4.7b1 Ȃ̃ 

6 ҍ 30 DTE ҉ ╠ңҩ ⱴ

̂ 4.5̃̆ ∆ ┴ ȁ ȁ ┴ ȁ ȁ

ᵌ ̂ 4.6d,e̕ 4.7c,d̃ Ȃ ̆ ᵌ ңҩ ̆

ῒ ≢ ̂ 4.7c1-c3,d1-d3̃ ̔ 30 ᵝ

ҍ 3 ᵌ̆ᵝԍ ∆ Ҭ ̂ 4.7c1̃ ̆ 6

↕№ ԍ Ҭ ̂ 4.7b1̃ Ȃ 

҉ץ ∆̆ ┴ ᴪ ᵝ ȁ

4.5 ╧ 33ҩ DTE Ȃ ҩ ֦ ̂3 ̆

6 ̆27 ̆30 ̃ ץ ΐ

Ȃ 



֤   1101110171  

39 

 

ץ Ȃ ԍ Ҍ̆

ӈ ̆ ѿҩᶛҬ̆ץ ̆Ӟ ῒҬѿҩ 

4.6 ̂ã ṿ̆̂ b̃ 3 ̆̂ c̃ 27 ̆̂ d̃ 6 ̆̂ ẽ 30

̂1̃700 hPa ̂ ̆10-5s-1̃̆̂2̃6 12 18

̂dBZ̃̆̂3̃24 ̂mm̃ Ȃ 




































































































