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(tropical cyclone, TC) ῃҕ Ҥ

ӊѿȂ ╠ ҙⱵ ṿ TC ⌠ ̆ ῒ

TC ȁ ץ ᵄ TC Ȃῒ ӊѿ TC ԍ ҉ғ

№ ҉ ̆ ҉ Ҍ ̆ ṿ ∆

‰ TC Ȃ יּ Ҍ ץ̆

ѿף № ҙⱵ ̆ ҹ TC

Ḥ Ȃ ֓ № ԍ ṿ ∆ ץ

TC ⱬ ╠ῃҕ TCҙⱵ Ȃ ╠̆

ᵬ № Ȃ 

ᶏ ԍᾢ № ṿ WRF (Weather and 

Research Forecast) (Ensemble-based Kalman Filter̆ EnKF)

ԅ יּ ȁ ҉ѿף GOES-13ץ ҕ ҉

ѿҩҙⱵ ѿף 8 ῃ ᴆҊ

TC ≢ ȁ Ȃ 

ԍ יּ ׆ ԍ EnKF TC

̆ ԅ יּ EnKF 2012

ľ Ŀ ̆ ľ Ŀ ╠ №30ץ̆

(superobservation, SO) ⌠ №

⌠ҍ № Ȃ

⁞ Ȃ ԍ № Ạ

Ҭ̆ ȁ ȁ ץ ᵄ № ⌠ԅ

Ȃ ̆ ԍ № Ạ № ̆ ѿ

ԅ ľ Ŀ ȁ ץ ῏ Ȃ ľ

Ŀ №ᶭ ԍ∆ Ҭ ᵝ ҍ ῏
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≢ ̆ Ҍ

100 kmץ ̆ ↕ ᵬҹץ ⱬ ᾟȂ

ԅῃ ᴆҊ 2015 Joaquin2017

ľ Ŀ Ȃ Ҍ̆ ѿף

҉ѿף ̆ ῒῃ ᴆҊ
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ABSTRACT 

The disaster caused by the landfalling tropical cyclone (TC) is one of the deadliest natural 

disasters in China as well as over the world, while the current forecasts on TC by operational 

numerical weather prediction (NWP) model is far from being perfect, especially on the 

forecasts of TC structure, intensity and precipitation. One of the most important reasons is that 

TCs are generated on the tropical ocean and spend most of their lifetime on the ocean where 

there is a severe lack of observations, so the initial conditions of NWP can not accurately 

describe the detailed structures of TCs. With the development of the Doppler radar observation 

network in the coastal areas of China and the gradual operationalization of the new generation 

of high-resolution geostationary satellites, the observations are able to provide the detailed 

structures of TCs. However, the capbility of NWP in using the high-resolution observations to 

improve TC prediction is still very limited.  

Using a WRF-based (Weather and Research Forecast) EnKF (Ensemble Kalman Filter) 

system through a series of numerical experiments, this work explored the impacts of 

observations from ground-based Doppler radar in mainland China, last-generation 

geostationary satellite GOES-13 (America) and the first operational new-generation 

geostationary satellite Himawari-8 (Japan), on the forecasts of TC, particularly on the intensity 

and structure. 

This is the first time that the Doppler radar observations in Mainland China were used to 

study those impacts on TC through a convection-permitting WRF-EnKF system. The case 

used in this study is Typhoon Vicente (2012) and only Guangzhou radar radial velocity data 

was assimilated. With every 30-minute interval data assimilation, the ensemble means of 

EnKF analyses are able to capture the detailed warm-core structure of Vicente well. The radial 

velocity observations can efficiently decrease the errors in large-scale wind and temperature 

fields. The deterministic forecasts initialized from the EnKF analyses can significantly 

improve forecasts of TC track, structure, intensity and precipitation. In addition, the ensemble 

forecasts and sensitivity analyses were further used to explore the key factors that controlled 

the prediction and predictability of TC track, intensity, and rainfall during and after its landfall. 
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Results showed that TC Vicenteôs intensity and precipitation forecasts were largely dependent 

on the initial relationship between TC intensity and location and the initial steering flow. 

Though the ground-based radar data can efficiently improve the forecasts of TCs, 

particularly on the intensity forecasts, the ground-based radar can only cover quite limited 

region off the coast. Geostationary satellite observation is a complement. This study explored 

the possible influence of the geostationary satellite observations under all-sky condition on the 

forecasts of the intensity and structure of Hurricane Joaquin (2015) and Typhoon Hato (2017). 

Through continuously assimilating the satellite radiance from water vapor channel of the 

GOES-13 and Himawari-8 data under all-sky condition, the forecasts of the TC intensity and 

structure were improved significantly. The high-resolution observations of satellites are 

particularly useful in improving the simulation of the rapid intensification. Results also 

showed that the observations from the new generation satellite Himawari-8 were able to 

improve the forecasts more rapidly. These results paved the way to study the impact of 

assimilating new generation stationary satellite FY-4A using EnKF.  

 

KEY WORDS: tropical cyclone, Doppler radar, geostationary satellite, data assimilation, 

EnKF 
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Ҍ 100 kmץ Ȃ ↕ ᵬҹץ ⱬ ᾟ̆

≢ ѿף ᶫ TCῤ № Ȃ╠ֲ

῏ԍ ԍ ᴆҊ ̆ TCῤ

Ԑ ᴆҊ ᵬ↨↨ ̆ ╠ ₮ ѿף

ῃ ᴆҊ TC Ȃ

8 ѿף Ԑ (FY-4A) ᶭ ῀ҙⱵ ̆ ѿף

ῃ ᴆҊ TC №

ӈ ᴇṿȂ 

ӊ̆ᶏ ᾢ EnKF יּ ץ

≢ ѿף ῃ ᴆҊ TC ̆ΐ

ӈ ᴇṿ̆ ҹ TC ⱬ ץ

ҙⱵ ᶫ Ȃ 

1.2 ₴ 

TC ‰ ӊѿ ṿ ∆ ̆ᶏῒ ‰

TC ∆ Ȃ ѿ ῏ ᶏ ᾢ

TCῤ № Ȃ╠ֲ ᶏ

҉ Ạԅ ᵬȂ 

TCῤ Ҭ̆ יּ TC

ᾢ ԅֲױ ῏ Ȃ יּ ҍ ꜚⱬ ⱬ

῏ ̆ ∆ ҬTC ׆ TC

Ȃ יּ №ҹ ң Ȃ יּ ԍ TCץ

ꜚ TCΐ ⱬȂ  

יּ TCҬ ∆ ᶏ № Ȃ ԍ №

ᶏ Ṝ ̆Һ ̆ Ҍ

‰ TC ῒῤ ΐ ̆

יּ TC ѿ (Zhao and Xue 2009; Zhao et 

al. 2012a, 2012b; Lin et al. 2011;  2015)Ȃ   

ף90 ̆ ѿ ᾢ ԍ ̆Ensemble Kalman Filter 

̂EnKF̃ ԍ (Houtekamer and Mitchell 1998)̆ ῒΐ ᶭ

ȁҌ ℗ ᵄ ԍ ῀ ṿ ȁҍ

ȁ ԍ ᴨל ⌠ ῏ ҍ ȂEnKF ∆

Һ ԍῃ (Evensen 2003; Hamill and Whitaker 2005)Ȃ 
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ᶏ EnKF יּ ԍ 2003ȂSnyder and 

Zhang (2003) (observation system simulation experiment̆ OSSE)

Ҋ EnKF ⌠Ԑ№ Ҭ̆ יּ

ԅѿ ᵣ ȁ ȂCaya et al. (2005)

EnKF Ҭ ⌠ № ᴨԍ 4DVar (four-

dimensional variational data assmilation)Ȃ ̆EnKF ⱴ

ṿ Ҭ Ҍ (Tong and Xue 2005; 

 2006; Fujita et al. 2007;  2012;  2012;  2013)Ȃ 

ԍҬ ԑᵬ ̆ ԍ

ᴧ ̆EnKF⌠ 2006 Ҭ Ҭ

⌠ ҍ (Zhang et al. 2006; Meng and Zhang 2007, 2008a, 2008b; Torn and Hakim 

2008a, 2009a; Aksoy et al. 2009, 2010)Ȃҩᶛ ̆EnKF

Ҭ Ҭ Ҍ ̆ ⁞ ∆ Ҭ ꜚⱬ

ⱬ ׆̆ ⱬȂ ̆ Ҋᶏ 3DVar (three-

dimensional variational data assimilation) 4DVar ̆EnKF ᴨԍ

ᴰ 3DVar̆ғ Ҭ ᴨԍ4DVarȂ 

ᶏ Ҭ EnKF TC יּ ᾢ ԍ

ȂZhang et al. (2009) Ԑ WRF(Weather and Research Forecasting) Ҭ

ᶏ EnKF יּ ̆ Humberto (2007) ∆

Ạ Ȃ ̆ יּ № Ҭ ᵝ

ҍ ѿ ̆ғץ № ҹ∆ ⌠ TC

Ȃ ̆EnKF ᴨԍᶏ 3DVar ȂWeng et 

al. (2011)ԅ ╠ ᾢ ҈ ̂EnKFȁ4DVar3DVar̃ Ԑ

Ҭ יּ Katrina (2005)̆

Ҍ ∆ ⌠ № Ҭ ȁ ᵝ

̆ῒҬ EnKF4DVar № Ҭ ҍ № ̆

3DVar⌠ № Ҭ ↕Ẓ ԅ Ȃ № Ạ

̆Ҍ ̆EnKF 4DVar ԍ3DVar̆ғEnKF

ᴨԍ 4DVar Ȃ ̆ ╠₃Ӎ ׆ TC

̆ TC ץ

⌠̆ TC ┴ ┴

TC ῒ ΐ № ӈ̆ ѿҩ

Ȃ 

ԍ יּ EnKF ̆ EnKF TC
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ⱴ Ȃ ╠ҕ ҉ TC יּ

ҙⱵ Ȃ ԅѿ ↓ EnKF ȂWeng and 

Zhang (2012)ᶏ WRF-EnKF ԅᶏ EnKF

Katrina (2005)Ȃ ̆ ԍ № Ạ

ҩ Ҭ ⁞ Ȃᶏ ҉

EnKF№ Ҭ ̆ ⌠ №

ⱳ ⌠ ῤ ꜚⱬ( ) ⱬ( ) ȂAksoy et al. (2012)

Weng and Zhang (2012)EnKF ⌠HWRF(Hurricane WRF)

(HWRF Ensemble Data Assimilation System̆ HEDAS)Ҭ̆ HWRF

ҙⱵ Ҭ TCῤ ∆ ױז̆ Paloma (2008)

̆ ץ № Ҭ

Ȃ 

ԍ҉ ҩᶛ ̆ יּ EnKF ѿ

ԅῒ TC ȂZhang et al. (2011)ᶏ Ԑ №

2008-2010 ҉ 61ҩ TCᶏ יּ

EnKF ∆ Ạ ̆ ᶏ № EnKF

TC ҙⱵ ⁞ 40%Ȃ ѿ

ⱳ ₮ԅ Ike (2008) ȂAksoy et al. (2013) ԅ

HEDAS TC ױז̆ 2008-201183ҩ

ԅ ᵞ ⌠ TC ԅ∆ Ạ ̆ №

ץ ⌠ ⱴ ׆̆ ԅTC ῒ ȂZhang 

and Weng (2015)2008-2012 Ạԅ ѿ ̆ ԍ

№ Ạ ╠ ԍҙⱵ ⁞ ԅ 28%Ȃ ѿ

̆ᾢ № ῤ

⌠ ∆ Ҭ̆ ∆ Ҭ TC ׆̆ ṿ

TC Ȃ 

҉ ᶏ EnKF TC

ᶏ̆ EnKF TC ↕ Ȃ ԍ

ҍ ῒ ῏῏ ̆ ҍ ῏

Ҍ ̆ Ӟ ̆

№ ȂDong and Xue (2013) ԅ Advanced Regional Prediction System 

(ARPS)Ҭᶏ EnKF ңҩ יּ /

Ike (2008) ̆ ⱬ̆ᵖ

ᴨԍ ȂXue and Dong 
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(2013) ֽ ᶃ Ҭ ᵞ (minimum sea level pressurĕ

MSLP) ᴨԍֽ ̆ ҩҩᶛҬ ֽ

̕ MSLPԍ

Ȃ 

ԍҕ ҉ ԅ TC ҙⱵ ̆ TC

יּ ̆ יּ EnKF

ҕ ҉ № TC ⱬ ӊ ȂWang et al. (2014)ԅ

EnKF Jangmi (2008)̆ ⌠

׆̆ ⱴ ԅ ȁ

ȁ ץ ȂWang et al. (2016)ѿ

╠ ̆ ↕ ῒ

Ȃ ῒҬѿ

₮ ȁ ץ ȂWang et al. (2014)̆

₃Ӎ ȂYue and Meng (2017) ԅ

יּ EnKF Morakot (2009)Ҭ

̆ ץ TC ᵝ

׆̆ ԅ ̆ ᵝԍ ῤ

Ҭ ‗ Ȃ ԍ ̆Yue et al. (2017)ѿ

TC ╠6 ῤ ԍ Ȃ

ғ̆ Ҍ ᴪ Ȃ 

יּ ̆ ῒ

Ȃ ╠ֲ̆῏ԍ TC Һ ᶏ ᴰ

№ ̆ № (Zhao et al. 2012a, 2012 b;  

2015)̆ ӊ╠ ᴋᵥ EnKF TC

Ȃᶏ └ ᾢ Ҭ

TC ̆ ῒ TC ȁ ץ ̆

῏ ѿҩ Ȃ 

EnKF TC ̆p ֽ ҩ

̆ ԍ ̆ ץ ῃ ῤ TC̆

№ TCῤ Ȃ ᵌԍ ╠ֲ̆῏ԍ

TCҬ Һ ᶏ Ӟ № ̆

⁞ ԅ ̆ᵖ ⌠ TC (Zou et al. 2000; 

2001; Zou et al. 2015)Ȃ ԍ ҍ ῏῏ ᶏ̆ EnKF

⁞ץ Ȃ∆ ԍ῏ױֲ̆ EnKF Һ
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≠ ( Ԑ ) ∆ ѿ ҉ ԅ TC

Ȃ ᴰ (radiation transfer model̆ RTM) ̆RTM ץ

ᵬ ̆ᶏ ṿ ץ Ȃ 

ӊ╠῏ԍ EnKF Һ ᶏ ᴆҊ Ȃ

ԍ ⌠Ԑ ΐ Ҍ ̆ ̆

RTM ԍ Ԑ ΐ Ҍ ȂYang et al. (2017)

ᶏ ԍWRF (En3DVar) ҉ѿף GOES-13

ᴆҊ ̆ GOES-13 ⱴ

׆̆ ѿ ԅ Ȃ ԍ ᴆҊ ╧ ԅԐ ̆ TC

ῤ ҹԐ ̆ ῃ ᴆҊ EnKF

TC ‰ № Ȃ 

╠ֲᶏ EnKF ῃ ᴆҊ ᾢ Ҋ

ȂOtkin (2010; 2012) ̆ Ҭᶏ EnKF

⌠Ԑ ̆ ԅ Ԑ ױז̆

̆ ᵞ Ԑ

№ Ȃῃ ᴆҊ ᶏ ṿ

№ ⌠ԅ ȂZhang et al. (2016) ԅ ῃ ᴆҊ

TC Ȃ ᶏ (Penn State University̆

PSU)WRF-EnKF ԅ ѿף GOES-16 ῃ

ᴆҊ Karl (2010) ̆ № Ҭ

ԍ ̆ ⁞ ԅ ȁ

ҍ № Ȃҹԅ ԍ Ԑ ֟

ף ̆ ₮ԅ (adaptive observation error 

inflation, AOEI)̆ ₮ Ẓ ̆

ԅ Ԑ ̆Minamida and Zhang (2017) ѿ ԅ

̆ ≢ Ԑ ⱴ Ȃ 

ԍ ̆ῃ ᴆҊ EnKF

TC ̆ ╠ ῒ TC Ȃ

Zhang et al. (2016)ῃ ᴆҊ EnKF ץ №

Ҭ TC ̆ᵖ TC ȂHonda et al. (2018a; 

2018b) ԅ ѿף ῃ ᴆҊ Soudelor 

(2015)ȁ ȁ ץ Ȃ ̆ № Ҭ

ῤ ⌠ԅ ̆ Ӟ ⌠ԅѿ

̆ᵖ ԍ Ҍ ̆ ῃ
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ᴆҊ TC Ȃ ֽ֓ ῃ

ᴆҊ EnKF ᵬҺ ԅ ῃ ᴆҊ

ṿ TC ΐ ⱬ̆ᵖ ₮ῒ TC

ⱬ̆ ғӞ № ῃ ᴆҊ TCꜚ

ⱬ ⱬ ≢ TCῤ ᵬ Ȃ ѿ Ȃ 

ԅᶏ EnKF TC ̆ ԍ

̆ ∆ Ҭ TC ȁ ץ ץ̆ ױ

TC Ȃ╠ֲ ̆TC Ҍ Ҭ

ᵞ Ҍ (Sippel and Zhang 2010)̆Ӟ ԍ∆

Ҭ Ҭ ᵬ (Munsell et al. 2013)Ȃ ℗ Ӟ TC

₮ (Zhang and Tao 2013)̆ TC ╠ ℗

≢ ₮ (Munsell et al. 2017)Ȃ∆

Ҭ ᵞ ᵝל ‗ TC (Sippel et al. 2011)ȂNystrom 

et al. (2018)ԅ‗ Joaquin (2015) ̆ ∆ Ҭ

Ҭ 300 kmץ ῒ 600-900 km ֟

̆ Ҭ 300 kmץῤ Ҍ ‗ Ȃ

̆ ֓ ̆ ≢ TC

№ ̆ ԍ EnKF ̆ ∆ Ҭ

TC ȁ ץ Ȃ 

1.3 Ὺ ғ∕  

ԍ ╠TC ̆ ╠ֲ ᵬ ̆

№ TCῤ TC ῒ ȁ ҉

ⱬ̆ΐ ⇔Ҋץ ̔ 

̂1̃ ᶏ ᾢ WRF-EnKF ԅҬ қ

יּ ̆ ԅҬ ῒ

ȁ ҉ ⱬȂ  

̂2̃ ԍ╠ֲ TC ∆ ᵬ̆ ԅ

┴ Ṝ TC Ȃ 

̂3̃ ԅῃ ᴆҊ EnKF

TC ̆ ԅ TCꜚ ⱬ ⱬ

Ȃ 
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1.4  

 ԋ ׃ ᶏ 3ҩ ̔ ṿ ȁ ץ

ᴰ Ȃ ҈ ȁ ԓ ׃≢№ ҩᶛȁ №

̆ῒҬ ҈ ῏ԍ יּ 2012 ľ

Ŀ ̆ ȁ Ȃ ԓ

῏ԍ ῃ ᴆҊ 2015 Joaquin

2017 ľ Ŀ Ȃ Έ ₮ῃ Ȃ 
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ԑ ב    

2.1 ẅ  

ῃ ṿ ҹWRF-ARW (Advanced Research Weather Research and 

Forecasting) Ȃ ѿҩ ῃ ̆ΐ ⱬ ̆ ץ

ⱬ ᴆҊ (Skamarock et al. 2008)Ȃ ΐ ȂWRFᶏ

ȁ ꜚ ̆ ҹ Ȃ ҹArakawa-CȂ

№ 3 Runge-Kuttă ᶏ 2-6 Ȃ

̆ ᶏץ ᶷ ᴆȂ ᶏץ ȁ ꜚ Ȃ

̆ ץ ȁ῍֣ № ῤ Ȃ 

WRF ̆ ╠ ԍ ᶏ ̆ Ҭ ᾢ ғ

Ҭ ṿ ȂWRF ף Ҭ

(National Center for Atmospheric Research̆ NCAR) Ҭ (Mesoscale 

and Microscale Meteorology Division, MMM) ̆ Һ̔ ( ȁ

ץ ꜚ )ȁ (WRF Preprocessing System, WPS)ȁ

(3DVarȁ4DVarȁEnKFץ ץ( [NCAR 

Command Language (NCL) Visualization and Analysis Platform for Ocean, Atmosphere, 

and Solar Researchers (VAPOR) ]Ȃ ₃ ⌠₃ ҉ Ὲ

̆ ץ ⌠ᴧ Ҭ̆ ̔ ( ȁ ץ

)ȁ ȁ ȁ ȁ ṿ ȁTC

ȁ Ṝ ȁ ץ ΐȂΐᵣWRF

2.1. 
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2.1 WRF ( ԍWRF Ύ) 

2.2  

ᶏ ԅ  (Penn State University, PSU) ԍ

WRF  (EnKF)̆ ∆ ԍ

(Meng and Zhang 2008a, b)Ȃ ᶏ ᵀ ₮ ╠ ᴆҊΐ ᶭ  

(flow-dependent)  (Evensen 1994)Ȃ ԍ № ̆EnKF

ץ ᵀ ₮ Ҍ Ȃ ⱬ ׆ ⌠

 (Snyder and Zhang 2003; Dowell et al. 2004; Zhang and Snyder 2007)Ȃ ̆

EnKF ṿ spin-up(׆ ⌠ ) ̆

TC ∆ ҉ᴨԍ ∆ Ҭ ῀ֲ (vortex bogussing) ᴰ №

(variational data assimilation)Ȃ 

Evensen (1994)ѿ Ҭ ₮ EnKF ̆

(Kalman Filter, KF) ᴨ ᵌ ȂKF

Ḥ ⌠ ̆ ᶫ ԍ Ҍ Ḥ Ҍ

Ҍ ȂKF ̔xa = xf + K(y - Hxf)̕ ῒҬxf

ף ╠ ∆ ᵀ x̆aҹ № y̆ H̆ ̆

ԍ Ҭ ṿ̆K ҹ KF ̆ ץ Ὲ
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̔K = PfHT(HPfHT + R)-1̕ῒҬPf R№≢ Ȃ

EnKFҬ P̆f ѿ ⌠̆ ԅKFҬ K

Ȃ 

 PSU WRF-EnKF ԅѿ ᵬ (Square Root 

Ensemble Filter̆ EnSRF) Ȃ Whitaker and Hamill (2002)₮̆

ץ Ҍ ꜚ ⌠ ᾧ ᵞᵀ ȂEnSRFᶏ Ҍ

K Ẓ ̔ᶏ K ̆

ᶏ K Ẓ Ȃ K Kӗץ

ѿҩ 0-1ӊ ̆ ֽᶭ ԍ ȂEnSRF

Ҭ ѿ ̆ѿ ѿҩ ̆ ᾧԅ Ȃ 

ҹԅ № Ҭ Ḥ ̆

̆ Ҭᶏ ԅ (successive covariance localization, 

SCL)Ȃ ԍ⁞ Ȃ Gaspari and Cohn (1999)₮

5 ῏₱ (radius of influencĕ ROI)̆ Ҍ

Ҭᶏ Ҍ ROIȂSCL ѿ ΐ Ȃ ᾢ̆ᶏ

ROI ץ ∆ Ҭ ̕ ᶏ ROI

Ȃ Ҭѿ

⌠ ȂSCL Ӟ ѿ ̆ ᴪ № Ҭ

Ҍ Ȃ ᶏ (Zhang et al. 2004)̆ ᴪ

ץ̆ ԍῒז ᵞᵀ

Ȃҍ ҉ ѿ ᴰ (Anderson 2001)Ҍ

̆ ↕ֽ ҉ ╠ ꜚ ꜚ

Ȃ Ҭ ҹ 0.7-0.8̆

Ҭҹ0.5Ȃ ῏ԍEnSRF ׃ ץ Snyder and Zhang (2003)

Whitaker and Hamill (2002)Ȃ 

ᶏ WRF 3DVar (Barker et al. 2004)Ҭ ľcv3Ŀ

ꜚ∆ ∆ ꜚ Ȃ ꜚ ȁᵝל

̆ ꜚ №≢ҹ 2m s-1ȁ1 K 0.5 g kg-1̆ ֓ FNLῬ

№ № Ȃ Ҭ ̔ ꜚᵝל ȁ ȁ

ȁ ȁԐ ȁ ȁ ꜚᵝל ȁ ꜚ ȁ ץ

ꜚ Ȃ Ῥ 3DVar֟ ∆ ꜚ№≢ ⱴ ∆ Ҭ

∆ ȂῬ ѿ ⌠ ᵌ ΐ ᶭ

̆ ԍ Ҋ Ȃ ᶏ̆ ҍ ꜚ∆ ᵌ ԍ

∆ ᶷ Ȃ 
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ῃ Ҭ ҹ̔ ҹ 60̆ ҈

Ҭ ̆ ҹԅ ̆ ҹ0.8Ȃ 

2.3 J  

Ҭ̆ Ҭ №

ԅ Ҭ (Joint Center for Satellite Data Assimilation, JCSDA)

ᴰ (Community Radiative Transfer Model, CRTM)̆ᵬҹ

Ȃ ԍҌ ᴰ ( ) ᴰ ̆ ╠

100ҩҌ ᴰ ̆ ѿ֓ῒז Ȃ 

CRTM ҩҺ ̔ ᵣ ȁ ȁԐ

ȁץ ᴰ Ȃ ҹԅ Ὲᴧ Ҍ ̆

ᶫ ᴧ Ҍ ̔ ῀ ȁ ҩᴰ ȁ ῤ

ȁ ҉ ҉ ȁץ ᾣ Ȃ 2.2

ԅ ᶏ ᶫ ῤ ȂῒҬ̆CTRM ╠

(forward model) ԍ ̆ ȁҌ

ץ Ȃ ᶏ K ṿ(Jacobian values) ( ׆

)̆Һ ԍ Ҭ Ȃ℗ ᵄ ҍK

ᵌ̆ ױ ԍ ҬȂCRTM ᶫ ץ ⌠ῒז

(library)̆ Ҍ ᶫ ץ Ȃ 

 

2.2 CRTM ( ԍCRTM Ύ) 

CRTM∆ Ҭ̆ ᴰ ҍ Ȃ ̆

ױ ץ ױז ῀⌠CRTMҬץ ̆ᵖ №



ԋ ׃    

19 

 

CRTM ꜛҊ Ȃ 

ᵣ ᵣ ץ̆ ⌠ Ḥ ⌠

Ҭ ȁ CO2, O3, N2O, CO CH4 ᵣȂ Һ

ץ̆ ȂԐ 6 ҬԐ ᾣ

̆ҹ Ṝ ᶫ Ḥ ȂCRTM Ҭ ᶫ Ҍ

ԍ Ḥ Ȃ CRTMҬ ң

ȂῒҬᾢ Ṑ ⱴ (advanced doubling-adding, ADA) ᵬҹ

Ȃ ֜ (successive order of interaction, SOI) ᴰ

̆ ⌠CRTM Ҭ ԍ ҬȂ 

ԍѿ֓ Ҭ ᴰ ̆ ᴰ ᾣ ̆CRTM

֓ ₮ᾣ ᾣ ᴆȂѿ ңҩ ᴆ̆CRTM

ץ ԍ ᴰ ȂCRTM ᶫԅ ╠ ȁ℗ ȁ

ᵄ ץ K ₱ ԍ ( ֦ )

Ȃ (National Oceanic and Atmospheric 

Administration̆ NOAA) № (Microwave Integrated Retrieval System, 

MiRS) NCEP (GSI)ᶏ K ₱ ̆ WRF ᶏ ℗

ᵄ Ȃ 
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Ҏ    

3.1  

ԍ ΐ ῃҕ ̆ ⱬ

̆ ╠ֲᶏ Һ ᶏ № ̆

̆ ᶏ └ ᾢ

̆ ῒ

ȁ ץ Ȃ 

̆ ԍ ⌠ ⱴ‰ № ץ

ԍ № Ạ ∆ Ҭ ȁ ץ ῏

ץ̆ ױ Ȃ 

3.2 үᶡב  

ľ Ŀ 2012 ҉ ῇ ̆ ԍ ҍқ ҉ TC

‖ ̆ 2015 47 ᴪ ᴪ҉ ̆ ӊ ľῌ

Ŀ Ȃף ľ Ŀԍ20127 18 12 қ

ꜚ̆ӊ Ẓ ꜚ Ȃ7 21 ◐ ҉

Ҋ ꜚ ῀ қ Ȃԍ20̆ ῒ ҹ

̆ ҹ1208ץ ҹľ ĿȂ ԍ ⌠ ̆

ԍ Ҋ̆ ᶏ ⌠30Ņ҉ץȂ⌠7 22̆ ҍ

◐ ̆ ⁞ ᶏľ Ŀ ꜚ ₃ӍẢ қ

Ẓ 350 kmȂ7׆ 22 18 ľ̆ Ŀ ҹ ̆ԍ23

18 ⌠ ┴̆ӊ ̆ ҈

қ ̕ңҩ 23 20 қ

( 3.1a, b)̆ ▲⁞ Ẓ ꜚ қ ̆ ӊ ҹ

῀ Ȃ23׆ 12 24 12̆ ľ Ŀ ꜚ

יּ ῤ̆ ⌠ ľ Ŀ

ץ ⁞ ҈ Ȃ ԍ ֟ ԅ ̆

ֲᴴ֙̆ 20ֲַ Ȃ ҙⱵ ₮ԅ

ľ Ŀ p̆ל ҉ ׅ Ȃ ₃̆Ӎ

ҙⱵ ľ Ŀ Ҥ Ẓ ̆ ⱴ ₮ ῖ

(Shieh et al. 2013)̆ Ӟ Ḇᶏ ӊѿȂ 
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3.3  

3.3.1  

ṿ ᶏ ԅ҈ WRF ̆ №

№≢ҹ40.5 km (D1)ȁ13.5 km (D2) 4.5 km (D3)̆ ҹ202Ĭ181ȁ181Ĭ163

259Ĭ259Ȃ ῍ ץ35 ҹ10 hPaȂ D1

ľ Ŀ ҩ ̆ № ₮ ╠ ᴆҊ

̆ ῤ D3ֽ ⌠ ľ Ŀ ̆Ӟ

( 3.1)Ȃ ∆ ᶷ ԍ Ҭ

(National Centers for Environmental Prediction, NCEP) ᶫ 6 ѿ №

ҹ 1ÁĬ1ÁῬ№ (Final analyses, FNL)Ȃ

Ҋ G̔rell-Devenyi (Grell and Devenyi 2002) Ԑ ֽ̆ D1

Ҭᶏ ̆WSM-6 (WRF single-moment 6-class, Hong et al. 2004)Ԑ ̆

YSU (Yonsei State University, Noh et al. 2003) ̆RRTM

Goddard Ȃ 

 

3.1 (a) ̆ ԅ ľ Ŀ (2012)20127׆ 20 06 25

00 ᶃ ( )ȂῒҬ № ṿ :7

23 12 24 12Ȃ 00┴ ᵝ ₮̆ ₮ԅ

יּ ᵝ ( ) ( )Ȃ(b) D2 Ȃ(c)

ľ ĿҌ ҙⱵҬ ӈ₮ (MaxWSP)№̆≢ (HKO)ȁ

(JMA)ȁҬ (CMA)ȁҬ ҙⱵ (CMA_operational)

ץ Ҭ (JTWC)Ȃ ₮Ȃ 

 

 Ҭ ҈̆ (Radius of Influencĕ ROI)№≢ҹ1215 

km (D1)ȁ405 km (D2)135 km (D3)Ȃ ╠ ԍ ҉

Ҭ̆ ⌠῍ Ȃ ҉ ROI ҹ ҩ Ȃ
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╠ֲ ҬӞ (Weng and Zhang 2012; 

Zhang and Weng 2015)Ȃ 

סּ 3.3.2 ┼ᵲ  

 ᶏ WRF-EnKF ᵝԍ қ

יּ Ȃ ҹ S WSR-98D ̆ҍ WSR-

88D ᵌ(Zhu and Zhu 2004)Ȃ ⌠ӊ╠ ׅ

Ҭ̆ ԍ ѿ ᴆ̆ ╠ ԅ ⱬ

ԍ └҉Ȃ Ҋ̔ ᾢ̆ ҈

WSR-98D WSR-88D Ȃ ̆ᶏ Ҭ (National 

Center for Atmospheric Research̆ NCAR) ᴆSOLO-II (Oye et al. 1995)

ꜚ ╧ Ȃ ̆ Zhang et al. (2009)₮

Ҥ └ └ᵬ

(Superobservation, SO)̆ ╧

ȂSO ΐᵣ└ᵬ Ҋ̔ 

(1) ╧ (Vr) < 2 m s-1  > 70 m s-1 4 kmץῤ ; 

(2) №ҹ (bin)̔ ᵝ 5£ῤץ ҉5 km ̕ 

(3) ԍ ҩbinῤ Vr binῤ ṿңṐ ̆╧ Vr

̕ 

(4) ԍbin̆ binῤ ‰ Ẓ ңṐ ̆╧ binҬ

̕ 

(5) v ѿҩbinῤ ԍ4ҩ ̆↕╧ binҬ ̕ 

(6) └ᵬSŎ binҬ binҬ 10ҩ Ạ ⌠ ṿ̆ ҹ

SO ṿȂ binҬ ᵝ ҹSO ᵝ Ȃ 

Ҭ̆ ҹ3m s-1Ȃ ҬӞ ѿ

└̆ ҹ̔ Ҭ ҍ ӊ ṿ ԍ 5Ṑ ̆↕╧

Ȃ 

3.3.3  

 ΐᵣ 3.2 Ȃ 20127 23 00ᶏ WRF  3DVar

ꜚ∆ 60ҩ ̆ 12 ץ

ᴆҊ Ȃӊ 23׆ 12 №30ץ

SO 24 12̆ ҩ ԅ ľ Ŀ׆ ┴ ⁞
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Ȃ ̆≠ 23׆ 15 24 00 3 № Ạ

Ȃ ̆ҹԅ№ ῏ ץ

Ҍ ̆ 23 15 21№≢≠ 60ҩ № Ạ Ȃҹԅ

̆ᶏ NCEPFNL 23׆ 12ẠѿҩҌ ᴋᵥ

ѿ ̆ ӊҹNoDA Ȃ 24 18̆ ҹ

┴ ľ Ŀ₃Ӎ ῃ ̆ḂҌῬҹ Ȃ 

 

3.2 EnKF NoDA ȂῒҬ 30№ ѿ

EnKF ̆ ԅ23׆ 12 24 12Ȃ23 12 24 18

≠ FNLῬ№ Ạ NoDA Ȃ ̆ ≠ 23 15 21

№ Ạ Ȃ 

3.4 ╦ ⅎ  

׆ 3.1c̆3.3a 3.3bҬ ₮̆ ҙⱵ Ҭ ( (HKO)̆

(JMA)̆ Ҭ (CMA)ץ Ҭ ҙⱵ (CMA_operational))

ľ Ŀ Ҭ ӈ Ẓ Ȃ ⌠HKO ᶃ ѿ

҉ᵣ ₮ ҙⱵҬ ᶃ ̆ HKO ᶃ ᵬҹ

Ȃ 

3.4.1 ᵤ  

3.3c 3.3dҬ ԅ ľ Ŀ ⌠ №

ᵞ (minSLP) Ҭ ᵝ ( )Ȃ 10

(MaxWSP) ҍHKO ᶫ ᶃ Ẓ ̆

ҹ ᶫ ᶃ Ҭ 10№ ῤ

⌠̆ Ҭֽ minSLPᵬҹ ľ Ŀ Ȃ L̆andsea 
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and Frankin (2013)TC Ҭ ̆ῃ ҙⱵ Ҭ ᶫ TC

ᶃ ԑӊ Ẓ ̆MaxWSPminSLP №≢

⌠5 m s-1 6 hPă ῒҬѿҩ ҙⱵ Ҭ

Ҍ Ȃ׆ 3.3 Ҭ ץ ₮̆ №

№ ⱳ ₮ ľ Ŀ Ȃ №

ᴋᵥ ≠ FNLῬ№ Ạ NoDA ̆

ץ ₮ Ȃ ץ ̆

ԍ Ȃṿ ≢῏ ̔ ң ῤ

ֽ 3 4 Ḃ ץ № Ҭ minSLP⌠

Ȃ 

 

3.3 HKOȁJMAȁCMAץ CMA_operationalᶃ ᵞ (a)

(b)̆ץ № ≠ 7׆ 23 15 24 00 3 №

Ạ ᵞ (c) (d)̆ҍHKO Ȃ 

 

№ ץ ₮̆ ԅ 7 23 16 24 3 ӊ ┴

Ҭ̆ ץ ⁞ minSLP ᶏῒṿҌ
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Ȃ׆ 3.4aҬ minSLP Ҭ ץ ₮̆ ľ Ŀ ԍ

12 ῤ̆ ∆ 12 ῤ̆ᶏ ᾢ

№ ≠ԍ ⁞ ̆ ғ ץ ₮ minSLP ⁞

⌠ 17 hPaȂ ץ ̆ № Ҭ

№ ̆ῒҬ ₮ қ ῤ ꜚ

Ȃ Ҭ N̆oDA Ẓ ץ

̆ ׆ץ № Ҭ ⱴ ₮╠12

Ҭ ꜚ̆ ̆ Ҍ ( 3.4b)Ȃ ץ 23

12 ̆NoDA EnKF ̆ᵖ ᵣ ̆ ⌠ №

ᴨԍNoDA ̆ғ ⁞ 8 km̆

֓ ┴ ץ ⌠ 20 km≢( 3.4b)Ȃ 

 

3.4 ҳ EnKF № NoDA Ҍ ┴ ľ Ŀ

(a) (b)̆ ₮ԅ ┴ Ȃ 

3.4.2 Ņ ņ Ҏ  

Ҋ ҈ Ȃ 3.5 ԅ

23 12ȁ15ץ 18 0.5Áᴀ ̆№≢

№ ȁNoDA ץ Ȃ ץ ₮ֽ̆ ѿ 
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3.5 () 0.5£ᴀ (OBS)ȁ(Ҭ ) ┴ EnKF

№ ( )NoDA № №̆≢ 20127 23 12

(a-c)ȁ15 (d-f)ȁ18 (g-i)ץ 21 (j-l)Ȃ ┴ Ҭ (

Ҭ ̕ Ҭ ᵝ )Ȃ 

 

̆ № ( 3.5b) ₮ Ҭ

Ẽ № ( 3.5a)Ȃ ῒ ⁞ ̆ ԍ№ Ҭ
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⌠ ⱴ ( 3.4a 3.5b)Ȃ ԅ Ҭ ₮ԅ

̆ ⌠∆ Ҭ̆ № Ҭ ⌠

№ Ҍ ̆ NoDA ⌠ Ẓ

̆ ҍ ᵝ Ẓ ῏ Ȃҹԅ ⱴ ̆

ῤ D3 Ҭ (RMSE) ̆ ѿ

⌠ № RMSE NoDA RMSE⁞

2m s-1( 3.5c 3.6c)̆ғ ⁞ ̔20127 23 18

21( 3.6)̆ ⁞ ⌠4 m s-1Ȃ 

 

 

3.6 EnKF╠( ) ( ) № Ҭ RMSĔ ҍ ┴

NoDA ( ) ̆№≢ 20127 23 12ȁ15ȁ18ץ 21Ȃ 

 

3.7a ԅ ┴ ╠ № Ạ

RMSE Ȃ ⌠ ╠ 6 Ҭ̆ Ҍ ғ

┴ ⌠ Ȃ 6 Ҭ ľ Ŀ ⁞ ̆ ⁞ Ȃ

15 7 24 3 ̆№ Ҭ ⌠ Ȃ

№ ⁞ ̆ ľ Ŀ Ҭ

ץ ⱴ ₮Ȃ׆ 3.7b 3.7cץ 3.7d 3.7e ╠

ץ ₮̆ 23 21

Ȃ 



҈    

29 

 

 

3.7 EnKF NoDA RMSE(a)ȁ ᵞ (b)ȁ (c)ȁ ᵞ

(d) (e) ȂῒҬ DF_ ≠ № Ạ

̕EnKF_forEnKF_ana№≢ EnKF ╠

Ȃ 

 

ҹԅ ѿ ꜚⱬ ⱬ ̆ 3.8 ₮ԅ

Ҍ ┴ 850 hPa ҉ ╠ ᵝל Ȃҍ 3.5

ѿ ̆ ѿ № Ҭ̆ Ҭ ₮ ѿҩ

Ҍ ̆ғ ₮ Ҭ қ Ҭ( 3.8a)̆
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ᴪ ( 3.3c)Ȃ ץ ̆ №

Ҭ ῤ ᵝ ᵣ ץ ῤ ₮ ᵝ ⁞ ̆ҍ NoDA

Ҭ ᵝ № ץ ⱴ ⌠

( 3.9a 3.9e)Ȃ № Ҭľ Ŀ ⌠

ⱴ Ȃ ̆ ⌠ ⱬ

̆ ℗ ̆ № ԍ

׆ ῤ ꜚⱬ ⱬ Ȃ ᵌ ̆ ѿ ̆ Ҭ

ῤ ⌠ ( 3.8a)Ȃ №

῏ ̆ 3.6Ҭ №

Ȃ 

 

3.8 EnKF 850 hPa҉ ᵝל ( ) ( )̆ №≢

┴ҹ7 23(a)12ȁ(b)15ȁ(c)18(d)21Ȃ Ҭ ᵝ Ȃ

Ȃ 

 

῀∆ Ҭ̆ץ Ҍ ‰ ╠ №
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( 3.6)̆ № ⱴ TCҬ ( 3.8)Ȃ №

ԍNoDA ₮ԅ ῤ ( 3.9)Ȃ ԍ ∆

┴ ( 3.8a)̆ ľ Ŀ (7 23 21 )̆

⁞ ( 3.8d)Ȃ № Ҭ ῒ

╠ ԅ ( 3.9g 3.9h)Ȃ ԍ ӊ

ᵬ ̆ Ҭ қᶷ ⁞ ̆ NoDA

Ҭ ̆ ҍ ῏ ( 3.9c 3.9d)Ȃ 

 
3.9 NoDA(a-d)EnKF (e-h) Ҭ қ ( )

ᵝל ( ṿ ) ╩ ̆№≢ 7 23 12(a, e)ȁ15(b, f)ȁ18(c, g)

ץ 21(d, h)Ȃ 

 

ṿ ̆ ֽ № № ( 3.8c

3.8d)Ȃ Ӟ ꜚⱬ ᵣ ̔ ╠

ᶏ ⌠ᾟ№ ̆ ֽ ᵞ

̆ᵖ ԍ ῤ

↕ ץ Ȃ 3.10 ԅ 850 hPa ҉

№ NoDA ℗ ᵝ Ȃ ץ ₮̆

NoDA Ҭ ₮ ╠ ̆ᵖ ҩ

Ҭ ℗ EnKF№ Ҭ ℗ ᵞ 10 m s-1Ȃ ̆

№ Ҭ ℗ ֽҹ NoDA ѿ ̆ ѿ

ץ ⌠ Ȃ 
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3.10 NoDA(a)EnKF (b)850 hPa҉ ℗ ᵝ

Ȃ 

3.5 ⅎ Ầ ⅎ  

3.5.1 Ņ ņ ᵤ  

3.2c 3.2dҬ ̆ ҈ ̆≠

3 № Ạ Ҍץ ľ Ŀ

Ȃ ̆ № Ạ

ⱴ ғ ̆ ₮ NoDA Ҭ₮ Ȃ7 23 15ȁ18

21 № Ạ ԍ ѿ Ẓ

ᶷ Ẓ ̆ 7 24 00 ₮ Ȃ15 18

№ Ạ ԍľ Ŀ

( 3.2d)Ȃ № Ạ NoDA ץ

₮̆ ╠ Ȃ ԍҩ≢ ᵣ

ѿ֓ ҉ ̆ᵖ ≠ 15 18 № Ạ

₮ Ȃ ̆ᵖ 15 18

⁞ Ҍ ( 3.2c)̆ ⌠ № ≠

№ Ạ Ҭ Ҍ Ȃ ᵌ Du et al. (2012)

Dong and Xue (2012) ҬӞ ̆ ҍ ṿ ץ

ԑᵬ Ҍ ῏Ȃ 
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Ҍ ┴№ Ạ ץ ⱴ ₮ ױ

( 3.7a, 3.7d3.7e)Ȃ ȁ ץ ̆

֟ץ Ȃ Ҭ̆ RMSE

╠ 3 Ҭ ̆ ץ ᵌ ꜚ ⁞ Ȃ ₮

┴ Ȃ 

ᵣ ̆ ԍ NoDA ̆ ⌠ № Ạ

ץ ⌠ Ȃ ֓ № ԅᶏ

יּ № ӈ ⱬȂ

ԍTC ᴪ ┴ ┴ ̆ Zhang et al. (2009)

TC WSR-88D יּ ҉

Humberto (2007)ѿҩ ᾟȂ 

3.5.2 Ὶ  

ԅ ľ Ŀ ̆EnKF

Ȃ 3.11 ԅ1 ꜚ Ҍ ┴ EnKF № Ạ

1 ץ NoDA 1 №̆≢ 7 23

15ȁ18 21Ȃ 7 23 15̆EnKF№ 23 12Ạ 3

1 № ԍ NoDA ⌠ԅ ( 3.11a-c)Ȃ

NoDA Ҥ ԍ ꜚ ̆ᵖ Ҭ

ẒᵞȂ ץ № ⱳ ₮ľ ĿҬ

ץ ῤ ҈ ̆ ׅ

Ȃҹԅ ᵀ ̆ Ҍ ṿ(5 

mmȁ10 mmȁ15 mm 20 mm) 1 TS №Ȃ ̆ ԅ

ṿҹ10 mm ̆EnKF№ Ạ 3 1 ṿҬ №

ԍNoDA ( 3.12a)Ȃ ԍ ⌠ Ҭ ᵝ ̆

7 23 18 EnKF№ Ạ ( 3.11e) NoDA  ( 3.11f) ⌠ 1

( 3.11d)̆ ῒҬNoDA Ҥ ᵀԅ ққ

Ȃ 7 23 18̆EnKF№ Ạ ԍ ṿ TS №

ԍNoDA №( 3.12b)̆ TSṿ ⌠NoDA ңṐ̆

23 15 EnKF№ № Ȃ ԍ № Ạ

ᵀ ̆p ľ Ŀ ꜚ № Ạ

₮ ( 3.11g3.11h)ȂNoDA ₃Ӎ ῃ

ԅ ᵝԍ ҈ № ( 3.11i)Ȃ ̆
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ң TS ᵞ( 3.12c)̆ᵖ № TS №

ԍNoDA Ȃ 20 mm ṿ҉ TS №҉ ⌠

Ȃ 

 
3.11 (a, d, g)ꜚ 1 ȁ(b, e, h)ҍ ≠ EnKF№

Ạ 3 1 ץ̆ (c, f, i)NoDA1 ̆№≢

23 15(a-c)ȁ18(d-f)ץ 21(g-i)ȂῒҬ ȁEnKF№ Ạ

NoDA ̆ ┴ Ҭ ᵝ Ȃ 
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3.12 ҍ 3.11Ҭ 1 TS №̆№≢ 20127 23

15(a)ȁ18(b)21(c)Ȃ ԅEnKF NoDA 23 15 24 15

24 №(d)Ȃ 

EnKF№ Ạ NoDA 23׆ 15 24 15

24 ꜚ ( 3.13)Ȃҍӊ╠ 1

ѿ ̆ EnKF№ ᵀ ̆ ⌠ 24

ᵣ҉ׅ ᴨԍ NoDA Ȃ № ץ

̆ 24 50 mm ̆ TS №҉ ץ

₮( 3.12d)Ȃ 

 

3.13 2315 24 15 24 ̆№≢ (a)ȁEnKF№ Ạ

(b)NoDA (c)Ȃ Ȃ 
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3.6 ⅎ  

3.6.1 ᵤ  

ԅ≠ EnKF № Ạ ̆ ᶏ EnKF № Ạԅ

ңҩ ̆№≢ ľ Ŀ ╠ 23 15 23 21Ȃ

3.14a3.14b ԅңҩ ̆ ₮ԅ׆

ңҩ ┴ № Ạ Ȃ ׆ץ 23 15 Ҭ

₮̆ ╠ Ҍ Ȃ Ҍ

3 (2318) № ԍ939-957 hPă ₮

EnKF№ Ạ ( 3.14a)Ȃ 2̆3 15

ԍ ( 3.14a)Ȃ 

׆ 23 15 Ҍ ҍ ₮ѿ

Ȃ ∆ Ҭ ╠₃ҩ ┴

Ҭ ̆ᵖ ῤ ꜚ ⁞ ᵝ Ҍ ⱴ

( 3.14b)ȂҌ ӊ Ҭ 12-24 Ҭ ץ ⌠200-300 kmȂ

ԍ ⁞ ̆ ⌠

⁞ ( 3.14a)Ȃ ԍ 23 15 ̆23 21

Ҍ ⌠ԅ ᵞ̆ ҍ 6 ץ ⁞

῏( 3.14a)Ȃ ⁞ ῤ ̆ Ҍ ⌠⁞

( ׅ )( 3.14b)Ȃ 
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23׆≢№ 3.14 15( ) 21( ) № Ạ (a)

(b)̆ҍ ( ) ̆ ԅҌ ┴ № Ạ

( ץ( NoDA ( ) Ȃ≠ 15 №ҹ15ҩ

( ) 15ҩ ( )ң ̆ ∆ ┴ (c) 3 (d)№ ̆

₮ԅ ᵝ ( )Ȃ 

3.6.2 24  

ԍ ľ Ŀ ῤ ֲ ᴴ֙ ֟ Һ ̆

ᴪ ֲ֟ ̔ Ҭ ᴪ ₮

Ҍ Ȃ 3.15aҬ ԅ24 TS № ̆№≢ 10 mm, 

25mm, 50 mm, 100 mm 200 mmṿȂ ץ ₮̆ ԍNoDA ̆

EnKF№ 200 mm ṿ ȂTS №

mm 10׆ 100 mmӊ Ҍ ̆ᵖ 200 mm ṿ №

⁞ Ȃ ԍ ṿҹ 100 mm TS №̆ №ӊѿ TS

№ҹ 0.1̆ №ӊ҈ № ⌠ 0.2Ȃ ѿҩ ̔ᶏ

Ạ ṿҹ 10 mm TS №ᵞԍ №ӊѿ
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̆ 25 mm 50 mm ṿ TS № ҹ Ҭ ṿ̆ ԍ100 mm 200 

mm ṿ №ӊ҈ Ȃ 

 

3.15 (a)≠ EnKF № 7 23 15Ạ ⌠ TS №

Ȃ ₮ԅ≠ ┴ Ạ NoDA TS №Ȃ

ԅ №ᵝ 25β 75βȂ ᵈ №ᵝ 10 90β̆ץ Ҭ

₮Ȃ ᶃ ҈ҩ№ (b)TS №

(c)Ȃ 

ԍTC ᵄ ̆ Ҋ ԅ24 №

ľ Ŀ ῏ Ȃ 3.16 ԅ60׆ҩ Ҭ ₮ 15ҩ 24

̆ ₮ԅ Ȃ ֓ ױ

ҍ ₮̆ῒҬ 5ҩ ᵝ ( )ȁ5

ҩ Ẓ ᶷ(Ҭ ץ( 5ҩ Ẓ ᶷ ( )Ȃ ץ

̆Ҍ № ҍ Ȃ ᵣ ̆ ҩ 24

Ҭ ̆ ғ ץ ⌠

( 3.15b3.15c)Ȃ ҈ Ҭ ԍ100 mm 24 Һ №

ԍ ( 3.16)Ȃ׆ ⌠̆ Ẓ ₮ Ẓ

ץ Ẓ ↕ Ẓ Ȃ ̆ Ẓ

ᶷᴪ ֟ Ẓ ̆ ѿ 200 mm № Ҭ ⱴ Ȃ

Ӟҍ Ẓ TS № ԍ Ẓ TS №ѿ Ȃ ױ ץ ⌠̆

100 mm ҬҌ ₮ Ҍ ̆ Ҍ

ѿ Ҭ Ҍ 200 mm ᵝ ҉ ₮ Ҍ

Ȃ ṿ ( 100 mm) ҉ Ҍ

̆ΐ ᵞ Ȃ 
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3.16 ҍ 3.13ɜ̆ᵖ ԅ № 15ҩ 24 №

ץ ῒ ( ) ( )Ȃ ᶷ 5ҩ ҍ

(a-e)̕Ҭ 5ҩ Ẓ (f-j)̕ ᶷ 5ҩ Ẓ

(k-o)Ȃ 
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3.6.3 ԓ ⅎ  

№ № 23 15 EnKF № Ạ ̆ᶏ

№ ҍ ῏ Ҍ ῏ Ȃ 

̆ ȁ Ҍ ҉ ∆ Ҭ

Ҭ ᵝ ῏ ‗ Ȃɰ ׆ Ҭ ₮ 15ҩ

( 3.14c)̆ ∆ TCẁ ԍ Ҭ Ҭ̆

∆ TC↕ TCҬ қ Ȃ

ץ ̆ ѿ ╠ ∆̆ Ҍ ҹ № ( 3.17a)Ȃ

ѿ ̆ Ҭ ( 3.17e)Ȃ

23 14 ∆ ᵣᵝ № ( 3.17c 3.17g)̆ ң

Ҭ ᵝ Ẓ № 23 15 ⱴ ( 3.17d 3.17h)Ȃ 

 

3.17 ∆ 15ҩ ( ) ∆ 15ҩ ( ) ╠(a-d)

(e-h)β ̆№≢ 7 23 12(a, e)ȁ13(b, f)ȁ14(c, g)15

(d, h)Ȃ 

 

∆ Ҭ № Ȃ 3.18 ԅ 14c

Ҭ ץ ̆

₮ ҩ ױ ∆ ᵝ Ȃ ∆ ẁ ⌠ Ẓ ᶷ

̆ ∆ ↕ ⌠Ẓ ᶷ Ȃ∆ Ҭ TC ᾢ

Ҭ ץ ꜚ̆ Һ Ҭ Ȃ ∆̆

TCΐ ᶷ ̆ ꜚ Һ

‗ Ȃ 
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3.18 ( ) ̆ ԅ

ץ̆ ( ) ױ ∆ ᵝ ( )Ȃ 

 

Ҋ Ҭ ᵬ ̆ Wu et al. (2007)

Ҭ ̔ ҉500-700 hPa TCҬ 300 km ῤ

Ạ Ȃ ̆ ΐ ∆ ⱴẒ ̆ ԅ ⱴẒ

̆ ң׆ץ ( 3.19a) ң Ҭ ңҩף ( 3.19b)

Ҭ ⱴ ₮Ȃ 23 15 Ẓ ‗ל (

3.19c)̆ ҹ ẁ ԍ ᵝל Ȃ № Ҭ ᵝ

῏῏ ץ ̆ ∆ ᵝ ⱴẒ ̆

ᵖ ᴪױ ꜚ( 3.20Ҭ )Ȃҍ ̆ № Ҭ ᵝ

῏῏ ̆∆ ᵝ Ẓқ̆ᵖ ᴪ↕ױ

ⱴ ꜚ( 3.20Ҭ )Ȃ 

Ẓ ῏ №≢ ∆ № ∆ ᵝ ȂẊ

ңҩ x zץ ѿҩҍ ױ ῏ yȂҹԅ Ẓ ῏̆ ᾢ z

҉Ạx ⌠ Ὡ ̆ z҉ yẠ ⌠ Ὡ ȂὩ Ὡ

῏῏ ԍz ⌠ x y Ẓ ῏ὶ ȿ( Sippel et al. 2011

ѿ )Ȃҹԅ ⱴ ̆≠ ѿ ̆ Ὲ Ҋ: 

ὶ ȿ

ὶ ὶὶ

ρ ὶ ρ ὶ
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ҩẒ ῏ Ҭ̆╧ ԅz xҍy׆ ῏῏ Ȃ 

̆ ԍѿҩ ∆ Ҭ ᵝ TC̆∆ TCẁ ԍ

ꜚ̆ᵖ ױ ῏ Ҋ 24 Ҭ ⁞ )ל 3.20aҬ

)Ȃ ԍ∆ ∆ Ҭ ᵝ ץ Ҋ ῏῏

( 3.18)Ȃ ԍ ѿҩTC ∆ ̆ ∆ Ҭ ᵝ ⱴẒ ̆

₮ ᵝ Ḡ Ẓ ( 3.20aҬ )Ȃ №

῏῏ Ҭ ץ ⱴ ( 3.20c3.20e)Ȃ 

 
3.19 (a) ( ) ( ) ( )̆ ץ (b)№≢׆ң

ҩ№ Ҭ ₮ 51() 59() Ȃ(c)ԅ ңҩ 7 23

15 500 hPa ᵝל Ȃ 
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3.20 ᵞ ῏῏ Ȃ ף≢№ (a)

(b)ᵬҹ Ẓ ῏Ȃ ῏῏ Ȃ҈ №≢

90%ȁ95%99%Ḥ Ȃ(b)Ҭ ∆ ῏ Ȃ(c)(d)̆

(e)(f)ҍ(a)(b)ɜ̆ᵖ №≢ Ȃ 
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ױ ԅ∆ № Ҋ Ȃ ̆ ԍ

∆ ᵝ TC̆ ∆ ̆↕ Ҋ Ҭׅ ᴪẁ ԍ ⌠

( 3.20bҬ )Ȃ ҉ ῏῏

( 3.20bҬ )Ȃ ѿҩ∆ TC̆ ∆ ᵝ ⱴẒ ̆

ẁ ԍ ӊ Ҭ ⌠ ( 3.20b )̆ Ҭ

‗ ̆ ҹ∆ ᵝ Ẓ ( 3.20d3.20f)Ȃ ̆

ҹ ᵝ Ẓ ↕ ׆̆҉ ̆ᶏ

Ȃ 

 

23׆ 3.21 15 24 15 24 ᵝ ῏῏ ( )̆ №≢

23 21(a)ȁ24 00(b)03(c) ᵝ ̆ ԅҍ∆ ῏ (d)Ȃ

ṿ 24 № ̆ Ȃ 

 

24 ҍ ᵝ ῏῏ ̆ №≢ 3ҩ ┴

( 3.21a-c)Ȃ ҩ ῤ̆ Ẓ ᴪ ⌠ ᵞ ̆ Ẓ

↕ᴪ ⌠ Ȃ ᶷ ῏ ̆ ⱴẒ
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(γ )ҍẒ ᶷ₮ ῏῏ ̆ ῏῏

ⱴẒ ( )ҍᵄ Ẓ ᶷ₮ ῏Ȃ ̆

Ẽ № ῏῏ Ҍ ῃ № ҍ ҉Ȃ ῏ № ↨

Ȃ ҹ № Ҭ ̆ ᴋᵥ

ҍTC ᵝ ꜚ № ҉Ȃ 

№ ץ ( 3.21d)̆≠ 23 15Ạ ⌠ 24

∆ ῏῏ ( Ḥ 90%)Ȃ ₮ ∆̆

Ҭ TC ẁ ԍ֟ Ẓ ԍ ᶷ 24 ̆ ∆

TC ↕ ᶷ₮ Ȃ 24 ҍTC∆

῏῏ № 24 ҍ TCҬ ᵝ ῏῏ № ᵌ

( 3.21d vs. 3.21a-c)Ȃ ҍ∆ TC ῏ ѿ ̆ῒҬ

TCẁ ԍ ꜚȂ 

3.7  

ԅᶏ ԍԐ№ WRF  (EnKF) 

ľ Ŀ יּ

Ȃ ľ Ŀ ҉ ѿҩ TC̆ԍ20127

23 20 ץ Ҭ қ ҈ ̆ ԅҤ ῤ

Ȃ 

30№ ̆ ⱳ ₮ԅ

ľ Ŀ ȁ ץ ῤ Ȃ ⌠ ⌠ԅ

ᵝ Ȃֽ ֽ 3-4 ĔnKF №

Ҭ ᵞ (minSLP) ᵞ̆ ṿȂ ѿ ̆ ԍ

⌠ԅ ̆ ľ Ŀ ῤ ⌠

Ȃ ̆ ̆ ῤ ⌠ Ȃӊ ̆

Һ ῤ Ȃ 

≠ EnKF№ Ạ ԍ NoDA ̆

ȁ ץ ⌠ ̆ TC ᵝ ҍ №

Ȃ ⌠∆ Ҭ̆ ⱴ ̆ ₮ NoDA

Ҭ Ȃ ҉ ѿ Ẓ ̆ № ₮ҍ

Ȃ ̆≠ ╠ № Ạ Ҍ

₮ ⁞ Ȃ 

EnKF № 1 ԍ NoDA ₮ԅ
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ҍ ᵌ Ҭ № ȂEnKF № ⱳ ₮ԅ ҈

№ Ȃ ҉ ѿ ᵀ̆

ᵖ ֽ 4 ԍ EnKF № Ạ

24 Ȃ 

ᶏ EnKF № Ạ ̆ ѿ ԅ ľ Ŀ

╠ ҬҌ ╠ ꜚⱬ ῒ Ȃ ╠̆

ľ Ŀ ₮ԅ Ҍ Ȃ ̆ Ҍ

ӞҌ Ȃ ľ Ŀ ҉ Ҍ ҉ҍ

Ҍ ῏̆ ԍ50 mm ҍ ῏̆ғҺ № ԍ

ᶷȂ (> 100 mm) № Ҍ ΐ̆ ᵞ

̆ ѿҩ Ȃ 

ȁ Һ № ̆ ∆ Ҭ

ȁҬ ᵝ ∆ Ҭ ῏῏ Ҋ Ҭ

Ȃ∆ Ẓ TCẁ ԍ ԍ TCҬ Ȃ TC

ẁ ԍ ∆ Ẓ ̆ғ ⱴẒ ᶷȂ 

ҍ∆ Ҭ ℗ ῏ Ȃ∆ Ҭ ( )

ẁ ԍ ѿҩ Ẓ ( Ẓ ) ȂẒ ῏№ ̔ ҩ

҉ѿҩ ∆ TC ԍ ꜚ̆ ԍѿҩ TC̆∆ Ẓ

TCẁ ԍᶭ Ḡ ꜚȂ∆ Ҭ TCᴪ ӊ Ḡ Ȃ ԍ

∆ Ẓ ̆ ₮ Ҍ ⁞ ̆ ∆

ҹ ѿҩ Ȃ 

24 ҍ Ҭ ῏Ȃ Ẓ ( ᵞ

)ҍ Ẓ ῏῏ ̆ Ẓ ( )

↕ҍᵄ Ẓ ῏Ȃ ԍ ẁ ԍ ꜚ̆

∆ 24 ᵌ ῏῏ Ȃ 

ᵣ ̆ ⱬ ԅᶏ № Ԑ WRF-EnKF

יּ ȁ ȁ ץ Ȃ

ԅ Ҍ Ȃ ̆ TC ┴ᶏ EnKF

₮TC Ȃ ԍTC ᴪץ

̆ ╠ֲ Һ Ҭ TC ᵬ ѿҩ

ᾟȂ 
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  GOES-13Ὴ ᴌҐ

 

4.1  

҉ѿ ԅ № Ԑ WRF-EnKF

ȁ ץ Ȃ ̆ ⌠ └̆ ⱬ

100 kmץ ҉ TC̆ ԍ ̆ ↕ TC

ҩ Ȃ 

TC ῤ ̆ ԍᴪ ⌠Ԑ

╠ץ̆ ╧ Ȃ ₃ ̆ ԍ ṿ

̆ ᶏ ῃ ᴆҊ TC

Ȃᵖ ╠ Һ ֽ̆ ₮

̆Ӟ № ῃ ∆ Ҭ TC ꜚⱬ ⱬ

Ȃ ᶏ № Ԑ WRF-EnKF GOES-13 

ῃ ᴆҊ Joaquin ⱬ̆

№ ῃ ᴆҊ TCꜚ ⱬ ⱬ ≢ TCῤ

ᵬ Ȃ 

4.2 үᶡב  

ҩᶛ 2015 JoaquinȂ ╠ҙⱵ

₮ TC ̆ᵖ ҙⱵ ṿ Joaquin Ȃ

ԍ ҩᶛ қ ԅ ̆ Ȃ

ҙⱵ Joaquinᴪ ̆ Ԋ ҉ ҉̆Ẓ

қ Ȃ 

Joaquinҩ ҉ Ȃҍ ҉ Һ

қ Ҍ ̆ ᵞ JoaquinҺ Ȃ20159 29

00̆ Joaquin Ẓқ ҹ Ȃ12 ̆Ҭ

⌠ Ҭ ̆ Joaquin қ Ȃ

Ҋ 72 Ҭ(9 29 12 10 2 12 )̆ JoaquinẒ

̆ Ҭ ҹ Ȃ ̆ қ ᵞ

̆ ғҬᵞ ᵞ ҍ Joaquin қ ̆ ꜛԍ



֤ ᵝ  

48 

 

Ẓ ꜚȂ ӊ╠̆ ѿ ╠

ꜚ̆ Joaquin ң Ȃ ң ꜚҬ̆

ѿҩ℗ ᵞ қ ῀ ̆ қ

ԅ Ȃ 10 3 12̆ Jaoquinꜚ Ẓ қ

Ȃᵞ Ḇᶏ Joaquinѿ ᾢ қ ̆

қ ꜚȂ 

ᾢ̆ ҙⱵ Ҭ ̆ 4.1 ԅ Ҭ Ҭ

(European Centre for Medium-Range Weather Forecasts̆ ECMWF)ȁ ῃ

(Global Forecast System̆ GFS)ȁHWRFץ Ҭ (National 

Hurricane Center̆ NHC) Joaquin Ȃ׆ 4.1a-d ץ

₮̆ ԅ HWRF̆ῒ҈זҩ Ҭ Joaquin ₃Ӎ

̆ᵖҹᵥ HWRF ӊ ̙ ҹ HWRFᶏ ԅ

Ҭ Ȃ ѿ

№ ῤ TC ȂῬ׆ 4.1e-h ҙⱵ

Ҭ ץ ₮̆ ԅECMWF̆ῒזҙⱵҬ Joaquin ֟

̆ ECMWF ѿ ҹ ⱳ ₮ Ȃ ̆

ԍ ECMWF∆ Joaquin № ̆ᵖῒ

ҙⱵҬז ∆ Joaquin Ȃ ֲẠ ̔ ECMWF

∆ ῀⌠GFSҬẠ ̆GFSԍ Joaquin ҍECMWF

₃Ӎ ῃѿ Ȃ Ῥ ∆ TC Ҭ Ȃ 

 

4.1 ҙⱵ Ҭ Ҍ ┴ Joaquin(a-d) (e-h) ̆№≢

ECMWF(a, e)ȁGFS(b, f)ȁHWRF(c, g)ץ NHC(d, h)ȂῒҬ ᶃ (

Ҭ JTWC)Ȃ 
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4.3  

ҍ҉ѿ Ҭ ᵌ ̆ ᶏ WRF-EnKF

̆ᵖ ңҩ ӊ╠ ҉ ⌠ԅ Ȃ ᶏ ԅWRF-ARW

3.5.1 Ȃӊ╠ WRF-EnKF Ҭ ̆ ᶏ CRTM

ᵬҹ ԍ Ҭ ҉

Ȃ EnKF ԅ ̆ ԅ Ȃ 

Ҭҍӊ╠Ạ ѿҩ ≢̆

Ҭ 6 ᴪᶏ GFS № ̆ΐᵣ ҹ̔

6 ҉ GFS ̆ TCҬ 300-600 km ῤ≠

№ GFS 0-1ӊ ṿ ⌠ № ̆

600 kmץ ↕ҍGFSḠ ῃѿ ̆ TCҬ 300 kmץῤ↕

Ḡ № Ȃ ҹ ╠ ṿ ῃ ԍ

ԍ ΐ ѿ ᴨ̆ל ԍ TCῤ ↕ №

№ Ȃ 

ҹ202Ĭ181 (D01)ȁ298Ĭ298 (D02) 298Ĭ298 (D03)̆

№ №≢ҹ27 kmȁ9 km 3 km̆ ҩ

( 4.2)Ȃ ҉ 43̆ ҹ10 hPaȂ 

 

4.2 ̆ғ Ҭ № ( ) JTWC Joaquin

( )Ȃ 



֤ ᵝ  

50 

 

ҬẠԅңҩ ̆ңҩ ᵞ ᵝ

(hurricane position and intensity, HPI)Ȃ ѿ ̆

Rad ̕ ԋ ̆ NoRadȂ Ҋ( 4.3)̔

ᶏ WRF 3DVar 20159 28 00 NCEP 0.5£

Ĭ0.5£GFS ꜚ 60ҩ ̆ӊ Ạ 12 ̆

ᴆҊ ̆ Ȃ9׆ 28 12

10 4 12 3 ѿ ̆ ׆ 6 ≠

№ Ạ144 Ȃ 

 
4.3 ̆ ԅ Rad NoRad̆№≢ף ԅῃ ᴆҊ

̆ңҩ ԅ TCҬ ᵝ Ḥ ȂῒҬ

HPI Ҭ ᵝ ̆G13CH3 GOES-13 3 Ȃ 

 

GOES-13 ѿ ῃ ⌠ Joaquin ̆

Rad Ҭ ԍGOES-13ѿҩ ȂOtkin (2012)

ץ ױ ( ) ̆

TC ₮̆ ֽ ҈ Ȃҹԅ └

Ԑ Ҍ № ̆ ᶏ ԅ Zhang et 

al. (2016) ₮ (AOEI)Ȃ ̆ ∆ ҹ5.0 

KȂ 

4.4 Ὴ ᴌҐ  

ԍΐ EnKF ԍ GEOS-13 ῃ

ᴆҊ ̆ ױ ԍ

Ȃ₃Ӎ ԍ Ẓ ( ҩ ҍ ҍ Ẓ № )

ҹ № ̆ ӊѿӞ ԍῒ Ẓ № Ҍΐ №

Ȃ 4.4 ԅ Ẓ (bias̆ - ) № ̆ ץ № ₮

╠ bias№ Ҭ ѿ Ẓ ̆ᵖ № Ҭ↕ΐ

№ Ȃ ̆ ῃ ⱬ ῃ ᴆҊ
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Ȃ 

 

4.4 ╠( ) ( ) № Ẓ № Ȃ 

4.5 ⅎ  

ᶏ EnKF № ≠ ῒẠ RadNoRadҍ

Ҭ (Joint Typhoon Warning Center̆ JTWC) ᶃ

№ Ȃ ̆ Rad ҍֽ

NoRad ̆ ԍ ῃ ᴆҊ

Joaquin Ȃ 

4.5.1 EnKF ⅎ Ầ  

4.5 ԅ≠ NoRadRad 6 ѿ № Ạ

̆ ҍJTWCᶃ Ȃ ∆ ̆ ≠ Rad № Ạ

⌠ ̆ NoRad ↕ Ҍ ̆

ᵖңҩ ⌠ № Ạ ̆ ҙⱵ

ᵌȂҹԅ ѿ ᵀ ̆ 4.5d 144

3 Ȃ ץ ̆ ≠ Rad EnKF №

Ạ ╠ 54 ԍ NoRad ѿ ⁞ ̆

ᵖ Rad Ҭ ↕ NoRad №

ԅѿ֓Ȃ ̆Nystrom et al. (2018)
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№ ̔ Joaquin Һ ԍ Ҭ 600 km

ץ Ȃ ֽ Ҭ 600 kmץῤ ̆

600 kmץ ῃ GFS Ȃף ̆ ңҩ Ạ

Joaquin ҍҙⱵ ᵌ Ȃ 

 

4.5 ≠ Rad ( ) NoRad( 9׆( 28 12 10 4 12

6 № Ạ (a) (b, c)ῒ

(d, e, f)ȂῒҬa-cҬ JTWC ᶃ Ȃ 

 

ҍ ῃҌ ̆

῀∆ Ҭ̆Rad № Ạ

҉ ⌠ԅ ( 4.5b 4.5c)Ȃ 5 ԍ9 29 00 R̆ad

№ Ạ ⱬ ⱳ ₮ Joaquin ̆

ԍ ׅ Ẓ Ȃ ∆ Ҭ R̆ad № Ạ

̆ NoRad

№ ׅ ̆ ᶭ ̆ ₮ Joaquin

Ȃ ԅῃ ᴆҊ № TC

̆ ῒ ╠ҙⱵ ṿ Ҭ TC

╠ Ҋ ҹ Ȃ 

ӊ╠ № ѿ ̆ ױ

( 4.5e 4.5f)Ȃ ץ № ⌠̆ Ҭ≠ Rad № Ạ

Ҍ (Vmax) ᵞ (Pmin) ᵞԍ

NoRad№ Ạ ̆ῒ ⁞ 50%Ȃ

⁞ Zhang and Weng (2015) Ҭ

TC ⁞ ̂ 28%̃ ȂRad ԍ NoRad
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VmaxPmin №≢⁞ 7 m s-1 10 hPaȂ ̆

48-96 ῤ( 4.5e)Ȃ 10 1 00

̆NoRad № Ạ ץ ₮ ̆ᵖҍ JTWC

ᶃ ץ Rad ̆ ҩ ҬNoRad№ Ạ

ׅẒ Ȃ ᶏץ Rad № ֟

̆ ԍ № ῀∆ Ҭ ⌠ҍ

ῤ ( ⌠ TCҬ 600 kmץῤ )Ȃ Ҋ ױ

№ Joaquin ̆Һ № 3ҩ

̔ 9 28 12ȁ ₮ 9 29 00

ץ ₮ҍ ₃Ӎ ῃ 29 18 ╠ №

Ȃӊ Ῥ Rad NoRad Ҍ ┴TC Ȃ 

4.5.2  

4.6Ҭ ԅ 3ҩ ┴ ֦ № ̆№≢

╠ȁ ץ ╠ ̆ ҍGOES-13 3(Ch3) ֦

Ȃ ץ ⌠̆ ╠ № ֦ №

Ẓ ̆ ῒ ѿҩ ┴ Ҭ( 4.6a vs. 4.6d)Ȃ

Ҭ̆ ῤ ̆ ┴ ῤ Ȃ

ѿ ῀∆ Ҭ̆ JoaquinҬ ᶷ ֦

̆ № № ̆ ׅ Ẓ Ȃ ҍ

ѿ ׅ ₮ ῏Ȃ Ҍ ̆

Ḥ ῀⌠ ∆ Ҭ̆ 9 29 00 ̆

֦ ҍ ᵣ ׅẒ ̆ᵖ ץ Rad № Ạ

ⱬ ₮Joaquin Ȃ ץ ₮̆ Ҭ Ҭ₮

ԅ ֦ Ȃ ┴ № ₮ ̆

ҍ № Ҭ ₮ Joaquinῤ ῏ Ȃ 9 29 18

̆ ̆ № Ạ

ҍ № Ȃ ̆ ῤ Ҭ̆ № Ӟҍ Ȃ ҩ

Ҭ ֦ № ₮ԅ Ȃ ┴ №

Ҭ TCҬ ̆ᵖ Ҭ Ӟ ץ ⌠ № (

4.6k)Ȃ ₮ Joaquin̆ץ ӊ

⌠ Ȃ 
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4.6 Rad № ╠(a, e, i)ȁ (b, f, j)ȁ ╠ (c, g, k)

3֦ ̆ ҍ 3 ֦ (d, h , i)̆№≢ 9 28 12(a-d)ȁ

29 00(e-h)ץ 29 18(i-l)Ȃ 

 

ѿ ∆ ̆ ῤ

D03Ҭ RadNoRad ҩ ┴ № ⌠ 3

 (RMSE) Ẓ  (Bias) ( 4.7)Ȃ ̆Rad ₃Ӎ ҩ ┴

RMSEᵞԍNoRad̆ ׆ ѿ № ⱴ

ғ ץ ⌠ ⱴ JoaquinȂ ̆

ץ ╠ TC ⁞ ̆

҉ΐ № ⱬȂ Ӟ ץ Bias№ Ҭ ⌠̆

ץ ₮ ҩ Bias ԍҌ Ẓ (

4.7b)Ȃ ԍ RMSEBias̆ ⁞ ∆

₃ Ҭ̆ ῒ 9 29 12 10 2 00 ̆

ԍ ẁ ԍ ⌠ Ȃ ӊ╠ 3ҩ ┴

҉̆RMSEBias ̆ ץ 3ҩ

№ ⌠Ҍ Ȃ 
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4.7 Rad( ) NoRad( ) 9׆┴ 28 12 10 4

12 D03Ҭ 3 RMSE (a)Bias (b)Ȃ 

4.5.3 Joaquin  

ӊ╠ ̆ῃ ᴆҊ ᾢ

῀⌠∆ Ҭ ̆ᵖ ᵥҌ ∆

Ҭ ҈ ׆ Ȃ╠ֲ ̆ Һ

ԍ∆ Ҭ ȁ ץ ̆ ῒ ∆ ҬTCῤ (Zhu 

et al. 2016; Emanuel and Zhang 2017; Nystrom et al. 2018)Ȃ №̆ ױ

∆ Ҭ ȁ ץ (SLP)№ Ȃ 4.8

Ҭ ԅ Rad EnKF ╠ȁ ╠ ᵞ ȁ

SLPץ № Ȃ Ҍ ̆p ┴ TCҬ

⌠ ( 4.8b, 4.8e 4.8h)̆ TCҬ

Ҍ Ȃ 9 29 18̆ ⌠

̆ ┴ № ᵌ ₮ Ȃ ̆ Ҭ

№ ⌠ SLP ( 4.8i)Ȃ 
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4.8 RadҬ № ᵞ ( )ȁ ( ץ(

№ ( ṿ )̆ №≢ ╠(a, d, g)ȁ (b, e, h)ץ ╠ (c, 

f, i)28 12(a-c)ȁ29 00(d-f)ץ 29 18(g-i)ȂῒҬ

ᵝ Ȃ 

 

Emanual and Zhang (2017) ̆∆ Ҭ ῤ

№ ̆p ╠ץ Ҭ Ȃ ̆ᵝԍTCҬ

⌠Ȃ ῃ ᴆҊ ╠

ѿ ⌠ TCῤ № Ȃ ᾢ ԍ

ⱬ ῀ ∆ Ҭץ ⌠ ⱴ

TC ҈ ̆ ᴪ TC ꜛȂ ҉

̆ Rad ῤ № ̆ᵖ
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ᵥ № Ȃ Ҋ

ᵝ № ҈ Ȃ 

4.9Ҭ ԅ 3ҩ ╠ ȁ ץ

╠ ᵝ № Ȃ ѿ

̆ TCҬ 60 kmץῤ ⌠ ̆ ӊ Ҭ↕₮ Ȃ

ץ ̆ 3-15 km ҉ ⌠ ( 4.9c)Ȃ

̆ ѿ ҍ̆ӊ╠ ῒז ᵌ̆ ⌠

( 4.8c)Ȃ (> 80%)№ 5 kmץҊ ᵝԍ TCҬ 300 kmץ

( 4.9a 4.9b)ȂῬ 5 29 00̆ Һ №

Ҭ ̆ ғ ṿ₮ 9 km ץ҉ TC Ҭ 120 kmץ

̆ ᶏ № 15 km ҉ ⌠ѿҩ

Ҭ ̆ ҩ TCҬ ⌠ ( 4.9f)Ȃ 9 

km ̆҉ץ Ҭ ᵝԍ TCҬ 60 kmץῤ ῤ Ȃ

̆ № ԍ ̆ ⌠12 km( 4.9h 4.9i)Ȃ

┴̆ ᵞ (< 3 km) ῒ TCҬ 100 kmץῤ ᾟ

Ȃ ץ №≢₮ TCҬ

Ҭ Ҭ ( 4.9g)Ȃ ѿ̆ҩ ғ

Ҍ ץ ( 4.9i)Ȃ 

Ҋ ѿ ῃ ᴆҊ ԍ TC ҈ ꜚⱬ Ȃ

4.10ԅRad ╠ȁ ץ ╠ ℗ ᵝ

╩ ̆№≢ ӊ╠ 3ҩ ┴Ȃ Ҍ ̆℗

Ҍ ( 4.10c̆ 4.10f 4.10i)̆ Ҭ 6 km ₮

ѿҩҌ ṿҬ  ( 4.10b̆ 4.10e 4.10h)Ȃ3׆ҩ ┴ ̆

ѿ ֽֽ ̆ ┴ TC ꜚⱬ

( 4.10c)Ȃ ⌠9 29 00̆ 5 km TCҬ 120 km 300 km

̆ ⌠ѿҩ ℗ Ȃ Ҭ 150 km ῤ Ҭ

⌠ ℗ ( 4.10e)Ȃ 29 18̆ Joaquinῤ

҉℗ ⌠ ( 4.10h 4.10i)Ȃ ┴ ╠

ׅ ҹ ℗ ῤ ғ ᵞ TCҬ 180 kmῤ℗ ₃Ӎҹ

0Ȃ ῀∆ Ҭ̆ ץ № Ҭ ₮ ᵈ

18 km҉ ғ Joaquinῤ ̆ ҍ╠ֲ

Ҭ ⌠ ℗ ѿ ( 4.10h)Ȃ 
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4.9 RadҬ № ᵝ № ̆№≢

╠(a, d, g)ȁ (b, e, h)ץ ╠ (c, f, i)28 12(a-c)ȁ29 00(d-f)

ץ 29 18(g-i)Ȃ 
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4.10 RadҬ № ᵝ ℗ № №̆≢

╠(a, d, g)ȁ (b, e, h)ץ ╠ (c, f, i)28 12(a-c)ȁ29 00(d-

f)ץ 29 18(g-i)Ȃ 

4.5.4 Ὴ ᴌҐ Joaquin  

 TC ӊѿ̆ ױ

Joaquin Ȃ ꜚ ᵝ ԍ TC (Stern 

and Nolan 2012; Stern and Zhang 2016)Ȃ 
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4.11 RadҬ № ᵝ ꜚ № №̆≢

╠(a, d, g)ȁ (b, e, h)ץ ╠ (c, f, i)28 12(a-c)ȁ29 00(d-f)

ץ 29 18(g-i)Ȃ ҹJordan (1958)Ȃ 

 

4.11№≢ ԅ ╠ ȁ ץ ꜚ

ᵝ № Ȃ ԍ ꜚ ѿҩ ̆ ᶏ ԅ Jordan 

(1958) Ȃ ѿҩ ┴9 28 12 ׆̆ ╠ Ҭ

ץ ₮ ҩ Joaquinῤ Ҭ ꜚ ̆ᵖ Ҭ 450 

hPa ҉ ѿҩ ꜚ Ҭ  ( 4.11a)Ȃ ѿ ̆

ῤ Ҭ ץ ⌠ ꜚ ( 4.11c)Ȃ Ҋ Ҭ̆ ꜚ

( 4.11f 4.11i)̆ ץ ₮ № Ҭ ⌠

( 4.11e 4.11h)Ȃ⌠29 00̆ 400 hPa ҉ ѿҩ ꜚ

ṿ̆ ⌠ ( 4.11d 4.11e)Ȃ 150 hPa⌠400 hPaӊ

ꜚ ̆ ῀∆ ᶏ Joaquin

⌠ ( 4.11f)Ȃ 29 18̆ ╠ № Ҭ̆ Joaquin
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⌠ ѿ ̆ᵖ ׅ ғ ( 4.11g)Ȃ

┴ ̆ № ץ ⌠ѿҩ ғ

( 4.11h)̆ ҍ╠ֲ ṿ ⌠ ѿ

(Hawkins and Imbembo 1976; Durden 2013)̔ 250-300 hPa ꜚ

Ҭ Ȃ ꜚ № ₮ Ҭᵞ ̆ ׆ Ҭ ᵈ

҉300 km ῤȂ ̆ 100 hPa ѿҩ ṿ Ҭ

( 4.11i)Ȃ 

ⱴ ̆ № Ҭ ץ ₮ ᵞ 850 hPa ₮ ѿҩ

ꜚ Ҭ ( 4.11h)̆ ҍ╠ֲ ѿ Ȃ ץ ̆ Ҍ

̆ № ₮ ꜚҬ ̆

⌠ᵞ Ҭ ( 4.11g)Ȃ NoRadҬ̆׆ ⌠ᵞ

Ҭ ̆ ԍNoRad Ҭ TCῤ № Ȃ 

4.5.5 RadNoRad  

╠ Rad Ҭ № Ҭ Joaquinꜚⱬ ⱬ

ȂRadNoRad № Ạ ῒ Ҭ

ץ № ₮̆ ∆ Ҭⱴ῀ TC ῒ

Ȃ Ӈ Ҍ Joaquinꜚⱬ ⱬ

Ҍѿ ̙ Ҋ ңҩ № Ȃ 

ᾢ Ҍ ┴ Ҍ ⌠ № ҍGOES-13Ҭ

4 ( 4.12)Ȃ 3ҩ ┴ Ҭ ץ № ⌠ Joaquin

ғ̆ TC Ҍ ( 4.12a, 4.12d 4.12h)Ȃ 9 29

12̆ № Ҭ ₮ҍ ̆

ᵣ ҍ ѿ ( 4.12a vs. 4.12b)Ȃ ѿ ┴

№ Ҭ̆↕₃Ӎ ⌠ ̆ Ҭ

⌠ѿ ̆ᵖ ( 4.12a vs. 4.12c)Ȃ

29 18 ̆ Rad № Ҭ Joaquin

ⱴ ̆ ȁ ץ ⌠ ( 4.12e 4.12i)Ȃ ̆

NoRad Ҭ̆ ԅ ̆ᵖ ₃Ӎ

ᴋᵥ Ȃ ᶏ 9 30 00̆NoRadᶭ ₮

ҍ̆ ץ Rad № ( 4.12e 4.12j)Ȃ ṿ

̆ 4.12Ҭ ץ ⌠ ֦ ṿ( )

Ẓ ̆ Һ ԍCRTM GOES-13 4 ֦

Ȃ 
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4.12 GOES-13 4 ֦ (a, d, g)ȁRad (b, e, h)NoRad(c, f, i)

№ 4 ֦ №̆≢ 9 29 12(a-c)ȁ18(d-f)ץ 30 00(g-

i)Ȃ 

 

Ҋ Ҍ ┴Rad NoRad № Ҍ

ȁ ץ № Ȃ 4.13Ҭ ԅRadNoRad

5 km ҉ ̆ ⱴԅ ┴ SLP№ Ȃ ᾢ׆

ңҩ SLP ’ ץ ₮̆ ̆ Rad № ҬSLP

̆ NoRad Ҭ TC ᵝ ҍ Ḥ ̆

ᵖ№ ҬSLP ֽ Ȃ ҍӊ╠ ѿ Ȃ׆

ץ ̆ Rad № ץ ⌠ΐ

̆ғ Һ ₮ TCҬ Ȃ NoRad Ҭ̆ TCҬ

ֽ ⌠ ̆ ҍ TC ֽ ῏Ȃ

№ ҬӞ ץ ⌠Ȃṿ ̆ Һ ₮

TCҬ ̆ TCҬ ₃Ӎ 0̆ ҍ TC ѿ Ȃ 
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