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GNSS ROцԓ ‒Ṇ ɎGTSɏ Ȳṳṿӣ ERA5ԛиέ

ᴩ Ὠ ȴ 

Ὠ ӱȲ֝оGNSS ROɎEPHɏ Ḃ ῴỞиέה ᾼѬḦ

⇔ Ȳ ᵑ╥֯  Ὼ Ғ⁮ ◦ϱᵅ ѬḦᵶ Ȳ ᵅ  Ὼᾼ

⇔ ȲḂ Ϡ ᾼ Ȳṿиέ Ḇ ῺERA5ԛиέ ȴױҵȲ
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ABSTRACT 

This study examines the impact of assimilating Global Navigation Satellite System 

Radio Occultation (GNSS RO) observations on the rainfall forecast of a Mei-Yu frontal 

heavy precipitation event that occurred on 6ï7 June 2022 (TAHOPE IOP3). The 

Weather Research and Forecasting (WRF) model, coupled with the hybrid three-

dimensional ensemble-variational (3DEnVar) data assimilation system (WRFDA), was 

employed to incorporate both GNSS RO and conventional observations into the 

modelôs initial conditions. 

 

To evaluate the influence of GNSS RO assimilation, a simulation experiment that 

assimilated both GNSS RO and conventional data (referred to as EPH) was compared 

with a control experiment that assimilated only conventional observations (referred to 

as GTS). The results demonstrated that GNSS RO assimilation notably improved the 

moisture and temperature distributions near the Mei-Yu front, yielding a frontal 

structure more consistent with the ERA5 reanalysis. 

 

Compared to the GTS experiment, the EPH simulation exhibited lower forecast 

errors and higher correlation coefficients for temperature, moisture, and wind fields. In 

terms of precipitation, the EPH experiment more accurately reproduced both the spatial 

distribution and intensity of the heavy rainfall along the front. Forecast verification 

metrics further confirmed that the EPH outperformed the GTS run. 

 

In summary, assimilating GNSS RO observations significantly enhanced the 

model analysis and precipitation forecast for this Mei-Yu frontal heavy rainfall event. 
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Ϛȳ ›ṕ 

ᴯὑ Ȳ֯Ṹ☺ủ Ṇ ϯủ оὙ ѹֵаȲדӂᶁ ​  פּ

2500 mmȲⱢ ѹֵ​ᾼ ₤  (МҶ ᶝ110ד ד Ȳ2022)ȴḕ5דᴟ

6ѣ Ϥ ​ủ Ȳױ   ȲҒϱᴫ⁮ủ Ѭ ᾼ═ ẁ Ȳ і

Ἃ ѡᾼ ​ȴ ​ ​ẓ  ȳ ѹ טּ ἤȲяẔ֮֯ᶮ

ᾼ Ȳ֯ ᴫ⁮ ☼ӻФᵂӣϯὔ Ӣ ֮ᶮ ​ ᴖі ☻Ѭ ЁӰḳ ȴ

֝ ȲӦὑ ​ М ⇔МЊѐצ ☼Ṇ ế֮ᶮὋс Ȳ ​ Ὲ оֵ Ȳ

ה Ẕ ​ᴯ ế ⇔ᾼ ϩצ (ὭȲ2023)ȴ 

 

Ể ​ṶԈֵⱢ ​ Ṇ ế – ȴứ ​ ⇔  0.1 mm/hrѿϱ

Ɫ ​ṶԈȲѿẒЄѻ щ Ṇ ᴖṕᴴ Ӣᾼ ​ṶԈᴾԓד ​ṶԈᾼ

20-25%( 1a) ( Ȳ2019)ȲẔ ᴾѩֵὑᴴ Ӣᾼ ​ṶԈȴᴖ о∟П

ד ​ иέ( 1b) ӱȲᴴ Ṇ ᾼ ​Ҡ ԓד ​П 40-

50%ȴֽὨ ֯ ὔ ḳᾼ ​ṶԈȲ ӱᴴ ᾼ ​ṶԈᴾѩẔ

Ḇֵ( 1c)( Ȳ2019)ȴҫҵ ӱ 2006ï2021ד ϟכᾼ Єị֮

ḳ ṶԈ ֪ὑ Ɏᵶ ∟іϤᾼᴫ⁮ ☼ɏἨ ​ Ẓ щ Ṇ ȷẔМ

​ ᴾּפ 16%ᾼѩ ( 2)ȴ ṕП Ϡ Пҵ ѾἬצ ​ḳ ╥֯

​ủ Ӣ(ὭȲ2023)ȴẂֽ ñгѣϫϡѡѬḳòד2005 ñгѣϟѡѬḳòד2006

​ ​ṶԈ ϯ ​ נּ ṳ כ ϺȲᵛּט ױ ​ᾼ ḳ№

ᵺ ἤȴϱ Ṷ Ὑ ​ủ ​ Л ứἤ ȲϚӎ ҷ ἏἏ

ẃҽЄḳ ҷȲ֪ᴖ с ​ ϩ╥ Ṯḳᾼ ȴ 

 

צȲֽᴶױ֪ ​ ᾼѬḦ ȳ ☼ ​ ᴯ ȲכⱢ  ѿ

ẃ ᾼ Є╚ ȴ ​ ​ Пᵺ Ȳ и ᴞ ᾼЛṜȴ ֮

Ὲ Ὲ ᾼ צ ȲяẔ ​ ẒỴꜙᴟᴯὑ

ϱ Ȳ ϱ ד ѽȲ ᴯ ế ᾼиέצ׀Л ứἤȴᵛṿ

Ҡ ẁ ֫ᾌ Ȳᵀ ⁮ ◦ϱᾼѬ ế₣᾿ Ь ѿ᾿ ȴ

ҟ Ɏֽ ⁮ᾼᴫד2008 ☼ Southwest Monsoon 

Experiment (SoWMEX)ȲѿцӐׁשṅӣẞᾼ ​ ֥

Taiwan-Area Heavy Rain Observation and Prediction Experiment (TAHOPE)ẃ

ПЛṜȲᵀ ṷϢЏ Ὲצ ȴϱ ṷ֪ Ԛ֝Ґ Ϡ ϚḔ с ֝о

Ѡᾎ іϤ ɎֽGlobal Navigation Satellite System Radio Occultation (GNSS 

RO)ɏᾼӇ ἤȴ 

 

Ὼד щ  ɎֽWeather Research and Forecasting (WRF)ȳEuropean Centreה
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for Medium-Range Weather Forecasts (ECMWF)ȳGlobal Forecast System (GFS) ɏᾼ

έ⇔ ᾬ оѠ ═ Ḃ ȲҒϱ ϩ сȲṿ ה ☼ Мѐ⇔

ϩ ȴ ֝ױ Ȳ ֝оᶾ Ϸ ᾼϮ иThree-Dimensional Variational 

Data AssimilationɎ3DVarɏ ẞҳ иFour-Dimensional Variational Data Assimilation

Ɏ4DVarɏȳṆ қ ᾌEnsemble Kalman FilterɎEnKFɏц оѠᾎ֝כ ȲЛ

ἷ Ҡӣ ᾼ ϩȴ֢ Ɏ ╦ ȳ ɏד

֥ ֝оṆ Ȳ Є сϠῴỞ ᾼ ⇔ȴ 

 

Ὼד вҵБֵצ ṅשׁ GNSS-RO ֝оὑ ẃ с ⇔ṳậ ֵ כ

Ὠȴ ṅשֵׁ ֝о ╦ с щ Ɏֽ ​ ​ȳ ɏᾼ

ἤȴẔḂ ѻ ғὑ ῴỞ ѬḦếᵅ ѬḦ ӔȴẂֽȲChen et al. (2014)

֯ SoWMEX 2008ד 6ѣ 16ѡ Ѭ Ẃ ᴩׁשṅȲ ֝о Global 

Positioning System Radio Occultation (GPS RO) Formosa Satellite Mission 3 / Constellation 

Observing System for Meteorology, Ionosphere, and Climate (FORMOSAT-3/COSMIC) ᷉

Ḃ иέ ᵅ ѬḦᾼиέ ⇔Ȳ ᴖ с Ѭᾼ ϩȴHuang 

et al.(2010)ѿ цᴫҖыӂ◦ Ɫ Ȳ֯ WRFהМ֝оFORMOSAT-3/COSMIC

ᾼRO᷉ Ȳṳ ᾼד2007-2008 ​ Ẃ ᴩ ȴ҃ ֝

оGPS RO∟Ȳ ῴỞה ММᵅ ѬḦиέ ẞḂ ᴖṿ ᾼ ѬиᵉḆ

Ɫ֥ Ȳ ὑ20076דѣ ​ Ȳ ӑ֝оRO ѩȲ֝оROᾼד

ғכ ạϠ ⁮ ​ᾼ ⇔ Ȳ֯Ẕ Ϯщ М⁮ ​ ᾼ ⇔

Ὑ ȴ ῶὙGPS╦ Ҡ ​ Ѭᾼ Ӣ ȷ֝о

Ϯ GPS-ROᾼᵅῈ᷉ Ṕפ/ ∟ȲҠҒ ϱѬḦ Ȳ сᵅ Є Ѭ ᵶ

֥Ȳ ᴖ ​ ⇔ếᴯ ȴChien and Kuo (2010)ѝМ ц ᾼ

SoWMEX ṅӼ╓ҏȲҒϤשׁ GPS-RO ᷾ Ὲ ᵗὑḂצ ​ Ἃᴼ

36Њ ѿϱП ​ ȲяẔ Њ​ ᾼ ᶾҾ сὙ ȴ ᴿ֮ȲChang and 

Yang (2022)иέ ֮ ᾼ ​Ṇ Ȳ╓ҏ Formosa Satellite Mission 7 / 

Constellation Observing System for Meteorology, Ionosphere, and Climate-2 (FORMOSAT-

7/COSMIC-2) ╦ ẁᾼ RO ⁮ Җ ц ᴂЀỂ ᾼѬḦᵶ Ȳ ᴖ

Ḃ ​ủ Ѭ ᾼ ⇔ȴ 

 

֯ ṅשׁ ῀GNSS RO Ḃ ῴỞ ҵȲḆҠ ϚḔ GNSS RO֝о І

ᾼḂ ᴖḆ с ⇔ȴChen et al. (2020)Мѩ Ẓ  GPS ╦ɎROɏ ֝о

Іȸɕ ֮᷉ Local RefractivityɎLOCɏ ‍ᶝ֮ ᴯNon-local Excess PhaseɎEPHɏȲד

ѿ ᴷẔ ᾼ ȴׁשṅ ȲEPH І֯ ᾼ Ɏֽ

ȳ ế​ ɏѠ ῶ ḆṾȲṳ с ế ⇔ᾼ ⇔ȴױҵȲEPH

֝о Ḇ ֮ ῴỞ МᾼѬḦế Ȳ ᴖḂ ἤ ȴ ῶὙ֯

МȲ ӣ‍ᶝ֮ ᴯד І ᴩGNSS RO֝ оȲ צ с
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щ ᾼ ἤȴҫҵȲChen et al. (2021)ṳᵓӣ  Weather Research and Forecastingצ

Data Assimilation (WRFDA) оṆ֝כ Three-Dimensional Ensemble Variational Data 

Assimilation (3DEnVar)ᾼWRF оGNSS-RO֝ה Ȳṳ ӣᴕ ѬӂѠ֣ ⇔ᾼ‍

ᶝ֮ ᴯד ІȲ Ὠṿӣ‍ᶝ֮ І֝оGNSS ROȲ с ᾼ

⇔ȴѿ2020ד ɎHaishenɏⱢẂȲ Ὠ ӱ‍ᶝ֮ І֝о

Ḇ ֮ ᾼ ֯ ⇔ оȲḂ ῴỞ ᾼѬḦ Ȳ ᴖ с ἤ ȴ

›ϢSchwartz et al. (2013)ṿӣϮ иᾎ(3DVAR)ế ֥ и-Ṇ ֝оẃ

Ȳ҃ ֥Ѡᾎᾼ Ὠ ὑϮ иᾎȴ Ȳ ֥ ὑ иế

ὑṆ ᾼ֝оẒ ѠᾎẃḂ иέȲṿӣWRFDA֥Ṇ ֝оṆ (3DEnVar)ᾼWRF

оGNSS ROᾼ‍ᶝ֮֝ה ᴯד І╥ ṾоᾼGNSS RO֝оȴⱢϠׁשṅ 

RO ᾼ ȲӐׁשṅ ӣ3DEnVar֝כоѠᾎế‍ᶝ֮ ᴯד І֝оGNSS 

ROȴ 

 

Ӑѝ 6ѣ6ѡד2022 ​ П ​ ҒׁשṅȲ ᾼװ ​ Ɫ2022

ד Ϯᾌ ᾼ ​ ( 3)ȲӦ 3aכҏ ​ֵ МҖ 20Áᴟ30Á ​ ᴯ

ȲҫҵҠӦ 4ᾼщ ҏכ ​ Ὼȳẞ ȳ ȳ ∟Җϱᾼ  ( 4)ȴ֯6

ѣ3ѡᴟ6ѣ5ѡ ắᴫ⁮ Ȳ ᴫ⁮ Ὸ צ ​ȴ֯6ѣ

6ѡр∟ ⁮ϯ ȴ ᾼװ Ɫ ẃ6щᾼ ​ȲⱢ2022ד ​ủ

ϵᾼϚᾌȲ6ѣ11ѡ Хщ ​ԓ Є и֮ צ 50ᴏѿϱᾼ ​Ȳ

ᵑ╥ᴫҖ Ḇצ 300ᴏѿϱᾼ Є​( 3b)ȴ 5ᾼ ֫ᾌ ҠѿḆ᾿ כ֮

ẞ ☼Ӣכế Ϥᾼ Ȳ֯6ѣ7ѡ›ҖѠ Ϥ ☼ȲҬ⁮ ẞ ᴎ ֮ ṳϚ᾿Ἇ

ὧȲ6ѣ 7ѡ 00UTCỞᴫѠϚ᾿ ϤṆ ȲᴫҖ ᾘỴ ẃ֮ ἤ ​ếԓүצ

​Ȳ06UTCᴫ ᾘỴ ҏ ☼ȲֵצMCSϚ᾿ ҏẃӦᴫἏὧ Ϥ( 5)ȴᴖӐ

ṅשׁ ṅᾼ╥6ѣ7ѡ00ᴟ12UTCשׁ ᴫҖ ᾼ ​ȲẔМ›6Њ иẒ

◕00-03ȳ03-06UTCҁ иέ ȴ6ѣ7ѡ֪כ​ щ ֯ ϱῈȲ Ӧ

ыӂ◦ Ϥ⁮ ȲѬ ᾘ ⁮ ᴫ⁮ ẞ ȴ 

 

ᴖ Є דּ ꜜⱢ ṅשׁ ​ủц ᾼ ἤ ​ᾼ Ȳ╝צ

ɦ ​ ɧ(TAHOPE) ȲẔⱢ ѻ ᾼЄ₤

ȲẔ ᴩϮד Ɏ20198דѣẞ20227דѣɏȴẔМ20225דɇ8ѣ TAHOPE

╥ רּ Prediction of Rainfall Extremes Campaign in the Pacific(PRECIP2022) 

цѡӐ Tropical Cyclones-Pacific Asian Research Campaign for Improvement of Intensity 

Estimations/Forecasts (TPARC-II) ϮѠԚ֝ ֥ ȴNational Center 

for Atmospheric Research S-PolKa Radar (NCAR SPOL) ц ҒὍ Ὲὑ20225ד

ѣМעᴟ 8ѣϱ֯ע ᴩ Ȳ֯ TAHOPE צ ᵑ ᴞѻ ╦Ɏ

7 ɏGNSS╦ ᴩ֝оц ᾼ ᴷȴ 
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Ӑׁשṅ֯ס GNSS RO ֝о ​ ​ ᾼ Ȳѿ20226דѣ7

ѡ Ӣὑ ᾼ ​ ​ Ɫ ȴ֯ ϡ ṅѠᾎếשׁ Ȳ

Ὠṓ Ϯ ȴ ҳ Ṇ ֝о Ὠế Х ᾼ ᾬ о ⇔ ֯Л

֝ᾼῴỞ Ԉϯ֝оGNSS RO​ᾼ ȴ г Ɫ ȴ 
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ϡȳ ׁשṅѠᾎ Ю 

2ɇ1   ẃ  

   FORMOSAT-7 GNSS-RO 

Ḙ ╦ϝ ɎFORMOSAT-7/COSMIC-2ɏ ╥ רּ ֥ᵂᾼЄ₤

ȲӦ ṅשׁ ыῈМїɎNational Space Organization, NSPOɏ רּ

◦ Є ɎNational Oceanic and Atmospheric Administration, NOAAɏԚ֝ ᴩȴ

ϝ ╥ Ḙ ╦Ϯ ɎFORMOSAT-3/COSMICɏԉ ᾼс Ἃ ȲѿḆ

ֵᾼ ╦Ɏ ϝ ᶙ ╦ ֵҠ  12 ήɏȳḆֵ ╦ ếḆ ᾼ

ᴩЄ ɎTASA/NSPO, 2023ɏȴ ϝ ╦ṆԚ 6 Ὼ֮ ╦ Low Earth 

Orbit satellite (LEO satellite)Ȳ ԓ ╦ Ṇ ן ȲҠ֝ רּן GPSȳ•

Global Navigation Satellite System (GLONASS) ╦ế Galileo Global Navigation 

Satellite System(GALILEO) ╦ᾼ Ȳѿ Є ₣᾿ ȴ 

 

ԓ ╦ Ṇ ╦ɎGNSS ROɏʒ ẁϠϚ ԓщ ᾼ њ◕ȴ

ᵑὑצ ắ ​ ȲGNSS RO ᵅן ╦ GNSS ᾼ᷉ Ἃ Ȳ

Ҡч Є ᷉ ṳ ậ ⇔ȳ ⇔ ₣᾿ ȴẔ ẓ ₣᾿ έ⇔(100ᴟ

200еѐ)ȲЛắ ​ế ѹиᵉԓ ֮ ◦( ᵑ╥ )Ȳ צ

ϱ Ὲ ȴᴞ2006ד Ϯ / COSMICԉ ғ∟Ȳ֢כ щ

М ֝оϷҒϤGNSS ROȴ∟ẃ ϝ ѿẃȲḕѡҠ ẁ 6,000ѿϱᾼ

╦ Ȳѹ ֝ ֵן GNSSɎGPS GLONASSɏ Ȳ ṔϷ ẞ 24

ïȲ Ḇ ֮ Ṛ ֮ ȴ֪ױ ◦ц ◦֮ ѬḦế ⇔ ᾼ

ῈӪᾼ ἤȲӭ›GNSS RO Б ᾛ ӣὑЄ דּ  ṅ(eg., Lien et al. 2021)ȴשׁ

 

GNSS ROẔ Ӑ Ɫ GNSS╦ זּ Є ȲắЄ ᷉

Ӣ ếἋפ ( 6)ȴ Є Ȳ‒  GNSS ẞ LEO ᾼדᴯҬצ ᴶ

Ἃ ( Л֯Ӑׁשṅ )Ȳ ╦╦ GNSSцLEO╦ᾼᴯ

ế ⇔ȲἬѿҠ ֪Є ᴖ Ӣᾼ ҟ ҏ ᾼד Ɏᴯexcess phaseɏȴ

еֽהϯ: 

Ў, ὒ ὒ̓ ὒ ᴁὼ ὸ ὼ ὸ †ᴁ 
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ὼ ὸ Ɫᵅ ɎLEOɏ ╦֯ tᾼᴯ ֣ Ȳὼ ὸ † ⱢGNSS╦֯

נ  ὸ † ᾼᴯ ֣ Ɏ֪‒  GPS ҏ∟Ἃ И ‒ẞɏȲ†Ɫן  GPS 

ẞ LEO ╦ᾼ Ἃ ȴЎ,  ̔ῶ ‒ ֪Ɫּז Є ᴖṛֵᾼṪϚ◕

Ȳᴖ ן (LEO) ẞᾼדᴯ Є оȴ֯ᶝ֮ ᾼ ϯȲ ֵ

Ҡ Ɫ‒ ᾼ ᷉ṔŬ(a)ȲẔМa╥ ȲϷ ╥‒ Ὼ֮ ᾼ Ὼ

⇔ȴ ẞ ᷉ṔŬ aᾼẗ Ɏimpact parameterɏԛ  Abel Єכ ᷉ ╓

ȴ֪Ɫ᷉ ╓ ᾼ о ЊȲ֪ױ ӣ᷉ Ɏrefractivity, Nɏ҅ Ȳ

Ҡ ϚḔ ҏ щ ד ᾼ Ȳֽ ⇔ȳ ếѬ ȴWareϢ(1996)

ᾼׁשṅ Ԓ Ϡױ ╦ч ѠᾎᾼҠᴩἤ ⇔ȴ 

 

Ӑׁשṅ ӣ‍ᶝ֮ ᴯד ֝оѠ ( ֯2-2-2Њ Ю )Ȳṿӣ Sokolovskiy 

et al. (2005) ҏᾼ І GNSS-RO ᴯד ᴩ Ȳ ч Ἤ ᾼ‍ᶝ֮ ד

ᴯᵂⱢ֝о ȴׁשṅМ֝оᾼ ╦ ◕Ɫ202206דѣ04ѡ18UTCᴟ06ѣ05

ѡ1800UTCȲ ὧṸ֮ Ɏ ҵה ɏȲԚ 1019╦ ɎẔῈ иᵉ

ֽ 7ᾼּמϫֿ ɏȴ ṷ ╦ Ὲ Ҕ╗Ϡẃᴞ ϝ ˍCOSMIC-2ɎFORMOSAT-

7/COSMIC-2ɏȳ ☺ ╦Meteorological Operational SatelliteɎMetOpɏȳ ֵ

ӣ ╦Х Korea Multi-Purpose Satellite-5ɎKOMPSAT-5ɏȲѿцᴫ Ѳ֮ ╦

ɎPAZɏ(Spanish: Paz, meaning "Peace")ȴ 

   ԓ ‒Ṇ (GTS) 

ԓ ‒Ṇ ɎGlobal Telecommunication System, GTSɏӦѷꜜ ὑ1951ד

∂ӴȲӣὑԓ ֢ ᴯᵛ ӻ ȴ GTSҠ ậԓ ֢֮

ֵ ᾼ ȲҔ╗ ֮ ɎSYNOPɏȳ Ὲ ῈɎTEMPɏȳ

ɎSHIP/TEMPSHIPɏȳ Ὲ ᵫɎMETARɏȳ ϱ ɎBUOYɏȳ Ὲ ɎPILOTɏȳ

╦ ч ɎSATEM/SATOBɏѿц ֫ ɎAIREPɏ ȲGTS ᾼ

ᴕ  Мᾼῶb1ɎRoutray et al., 2016ɏȴ ṷ Ɫщ иέế ẁ Ṽ ȴ

֯ӐׁשṅМȲᶺ ԓ ֝оϠẃᴞGTSᾼ Ɏ ₇ ạ∟ɏȲד

Ԉӑ֯ױ ὙȲѹGTS ṳ‍Ӑѝ ȴ 

   ​ (TAHOPE) 

TAHOPEɎTaiwan-Area Heavy Rain Observation and Prediction Experimentɏ╥ ѻ

ᾼЄ₤щ ȴᴖ֯2022ד ​ủᴟ ủɎ5ѣϯעᴟ8ѣɏМȲTAHOPE

רּ PRECIP2022цѡӐ TPARC-II ֥ᵂȲ ֮ ᾼ ​ ế
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щ ᴩ ȴױ ֯ס с ֮ щ Ɏֽ ​ Мѐ⇔ ☼Ṇ ȳ

Ȳѿцр∟ ☼ɏПиέ ϩɎTAHOPE Project Office, 2022ɏȴ 

Ϡֵ ȲҔ╗ ὑ ᴎ Ỵᾼּר Є

ṅМїשׁ ה Sᾌ◕ Ϭ ɎS-Polɏȳ Ỵᾼ Ϛ ἤЄ

ה о Ϭ X ᾌ◕ ɎTaiwan Experimental Atmospheric 

Mobile-Radar, Team-RɏȲѿц ᴎ ᾼᴞ Ὲ╟ὍṆ ɎAuto-sondeɏ

ȴϱ Ầ֝ Ϡ ​ế ᾼ ϩɎTAHOPE Project 

Office, 2022ɏȴӐ ѝ ậϠ ◕ɎIOP3ɏМᾼϚ ᴩ

ṅȴשׁ  

   ☺М Мї Х҅ԛиέ (ERA5) 

ECMWF Reanalysis v5 (ERA5) Ɫ ☺М щ МїɎECMWFɏ ẁᾼ Х҅

ԓ ԛиέ Ȳ ∟҅ד1950 ᴟЭᾼ נּ ɎHersbach et al., 2020ɏȴԛ

иέ ה ֥ ҭ ɎҔᵶ֮ ȳ ɏ ӢᶁϚѹᶙ ᾼ Ȳ

֪Л ᵛ ӁȲҠṿӣἋ иέ ⇔ȴERA5ѿ12Њ ֝о

ҏԓ Є Ṿᴷ ȲḕЊ ẁЄ ȳ ◦ế ֵ ᾼ έȴẔѬӂ έ⇔ּפ

Ɫ0.25ÁĬ0.25ÁɎЄ ɏế0.5ÁĬ0.5ÁɎ ◦ ɏȲ₣᾿Ԛ137צᴞ֮ῶἋᴼᴟ80

еṭ ῈȴӦὑERA5 Є ֝о Ὼ Є ᾭ ȲӦὑERA5 Є

֝о Ὼ Є ᾭ ȲӐׁשṅ Ẕ Ɫ ẃ ה ὨȲѩ иέҔ╗

֝о GTS (GTS) ֝о GTSҒ RO (EPH)Ẓ Ȳד ᾼ иέה

ERA5ԛиέ ֯ᴯ ȳ ⇔ȳѬḦ ֥ѩѿцѬӂ ϱᾼ ȴ֝ Ȳᶺ

ӣϚ ᾼѠᾎ ᴯ Ȳ ѩẒ ֝о ERA5ᾼ ᴯ Ȳѿ ᴷ ╦

֝о ᾼ ȴ 
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2ɇ2    

ה    ֝оṆ  

Ӑׁשṅ ӣ WRF-ARWɎWeather Research and Forecasting ï Advanced Research WRFɏ

ה ​ ᾼщ Ȳ Ẓ ᾭ ȲṆ Ѭӂ έ⇔иᵑⱢ15 е

ṭế3еṭȲҵ ὧṸ֮ Ȳв цẔ Ὼ ( 8)Ȳ

Ẓ иᵑҔᵶ 662Ĭ386 1161Ĭ676 Ѭӂ Ȳ и Ɫ 60 ּה ₣ȴהּ 12 

᾿Ѡ֣ϱ ứⱢ 52 ȲЄ Ɫ 20 hPaȴ ᾬה оѠ ӣ Goddard 

ᾬ Ѡ ȳKain-Fritsch ☼ оȳYSU ꜜ Ѡ  RRTMG   ᾌ

Ȳѿה й ​ Ṇ М ☼ Ѭᾼ ạȴ ṷ ה ứ МҶ

ᾼ ᵂ Ṇ Ϛ ȴӐׁשṅ∟ иέṿӣᾼ╥в ᾼ Ὠȴ 

 

֝о и⁄ ӣ WRF ỪѠ ẁП WRFDAҳᾪɎv4.2ɏȲ Ṇ ќ ֵ

֝оѠᾎȲҔ╗ȸ 

V Ϯ иᾎɎ3DVarɏȸѿ Ϛ ᾼ￼ ᴩ ֝оȲ

Ȳ ӣὑ ứᾼ Ԉϯȷ 

V ҳ иᾎɎ4DVarɏȸ ϱᾼ￼ оẃі Ȳ ϱҠ

Ḇ ֮ ‍ ἤṆ оȲᵀ Ḗ ȷ 

V Ṇ қ ᾌ ɎEnKFɏȸ ὑֵכ Ṇה Ȳ᾿ ᴷ ￼ Ầ

Ѡ Ȳẓ ⇔‍ ἤ ἤȲ ӣὑ Ḇ Ȳᵀ ὔắЊ Ӑ

ȴ 

V Ṇ қ ᾌ ɎETKFɏȸⱢ EnKF ᾼϚ ᶮȲ Ӕӻ ᵍṆ

Ḇ МᾼЛ ứἤ о Ȳẓ ứἤṾȳ ᾼ

ἤȲ ӣὑӢכ☼ ד ᾼ ￼ Ȳṳ иᾎ כ֥ ֥֝о▐ ȴ 

V ֥ иᾎɎHybrid Var-EnKF / EnVarɏȸ ֥ иᾎᾼ ứἤ Ṇ ᾎᾼ☼

Ṽ ἤȲ Ṇ Ӣכ￼ Ȳᵌὢ 3DVar Ἠ 4DVar Ệứ￼ ᾼ

ạȴWRFDA ќ ᾼ EnVar ṆԝҔᵶ 3DEnVarȳ4DEnVar ᶮהȴ 

Ӑׁשṅ ᵑ ӣẔМᾼ ֥₤Ṇ Ϯ иᾎɎ3DEnVarɏȴ֯ױṆ Мᵓӣ 

WRFDA Ӣ 32 Ṇ כ Ɏensemble membersɏȲӣѿ  ETKF Ἤ ᾼṆ ȴ

Ṇ ╥ẃᴞḕ 6Њ ᾼṆ Ȳ ᴖ ᴷҏ щ оᾼ￼ ẦѠ

(Background Error CovariancesȲBEC)ȴ ֥BECứ ӣ Hamill et al. (2011)  Kleist 

et al. (2012)ᾼѠᾎȲ ☼ ṼᾼBECד Ɫ75%Ȳ BEC Ɫ25%ȴἬצ

Ṇ כ и֝о ӣ֝דᾼ ה έ⇔ȴ ה ֝оᾼᾪӐꞋⱢ WRF-ARW 

v4.2  WRFDA v4.2ȴצ Ḇֵ ȲҠ ᴕUCAR ỪѠ Ɏ20207דѣ8ѡ

ậɏ(Chen et al., 2021)ȴ3DEnVarѠᾎЛ׀ ∂Ӵᴴ Ȳה Ӧ ETKF ҏᾼכ
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Ṇ ￼ ȲἬѿ֯иέ М֝ ’ ☼ Ṽ ἤ ứ

ἤȴẔ Є ֯ὑ ẁḆ ᾼ иᵉȲяẔ ӣὑֽ ​ ᵶצ й

Мѐ⇔ ☼ ᾼщ Ṇ ȴ 

   WRFDAМGNSS RO ᾼ›֣ І 

Ɫ с ​ ϱМѐ⇔щ Ṇ ᾼ ȲӐׁשṅ ӣӦ GNSS 

╦ ᾼ Excess PhaseɎ ᴯɏчד ᴖ П‍ᶝ֮᷉ ᵂⱢ WRFDA ֝оᾼ

ȴ ᾼ GNSS RO ṓч Ҕᵶ᷉ ɎRefractivityɏ ᷉Ṕ

ɎBending AngleɏȲᴖẔ Іֵ Є ẓצ ἤȲ ὑᶝ֮ ІɎLocal 

OperatorɏȲẔ᷉  N ҠӦϯהῶ ȸ 

╝ χχȢφ
ὖ

Ὕ
σȢχσρπ

Å

Ὕ
 

ẔМ ὖ Ɫ ɎhPaɏȳT Ɫ ⇔ɎKɏȳe ⱢѬ ϩɎhPaɏȴЄ ὑ ☼

Ἠ Ȳ ẓצ ᾼѬӂЛᶁлἤȲ Ϯה ϱᾼ ȳ ⇔цѬ

ҏ᷉ ԛ и֯ ╦ Ȳ ╦ ֻὑЄ Ѭӂ ⇔Ὑ (ֽ ȳ )Ȳ⁄

ה ҏᾼᶝ֮᷉ GNSS RO ЄȲױ ӢṆ ἤ

ȴⱢᵌὢϱ ᶝ ȲSokolovskiy et al.Ɏ2005ɏ ҏ‍ᶝ֮᷉ ІɎNonlocal 

Refractivity OperatorɏȲ ᴖ с Ѭӂ ἤ ᾼЄ ϩȴẔứ ֽϯȸ 

╢ .Ὠὰ 

ẔМNⱢЄ ᾼ᷉ Ȳ иᾘ  GNSS ᴩȲṳ ẔῺᴿⱢ

᾿ ȴױứ ῶӱ Pseudo Excess Phase (S) Ɫᾘ ϱ᷉ ᾼ и Ȳ ч

╣ҏ זּ֯ Є МἬắẞᾼԓ ᷉ Ȳ֪ױẓצ‍ᶝ֮ ἤȴ

Sokolovskiy et al.Ɏ2005ɏ ϚḔ╓ҏȲױ‍ᶝ֮ Excess Phase І֯ Ѭӂ ⇔

Ɏֽ ȳ ☼Ṇ ꜜɏᾼЄ ȲὙ ὑᶝ֮ ІȴẔЛ Ḇ ֮

ᾼ᷉ Ȳ юᶝ֮ І֯ ꜜ  Ὼ ᾼכ ȴױҵȲױ ІБӦ 

NCAR ׁשṅϢ ᵂὑ WRFDA ֝оṆ МȲṳ ӣὑֵ Ȳ Ẕ

⇔ȳ ц ẓצ Ḃ ὨɎChen et al., 2020ɏȴӐׁשṅМȲRO

Іᾼ ế₇ ạ ӣWRFDAᾼ ȲῺ֮ῶ Ɫ1%Ȳפּ

Ὼ ☼ ᴟּ0.2%פɎChen et al., 2009ɏȴḆֵ ὑWRFDAМGNSS RO

ᾼ ‒ ȲҠ ṓChen et al. (2020) ᾼׁשṅȴ 
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֯ װ ​ МȲӐׁשṅ Ẓ ᴩ֝оѩ иέȲиᵑⱢ GTS-ῶ

ӱ ֝о GTS ȴEPH-ῶӱ֯֝оGTS ϱ ҵ֝о‍ᶝ֮GNSS-RO

᷉  (ֽῶ1ɏȲẒ ᶁѿNCEP ԓ иέ (FNL) 0.25⇔иέ ᵂ

ⱢῴỞ ꜜ Ȳὑ20226דѣ4ѡ 1800UTCᴟ6ѣ5ѡ 1800UTC ᴩ ֝

оȲӐׁשṅṿӣ3DEnVarᴩ֝оȲ ֝о  Ɫ1щȲḕ6Њ ֝оϚװȲ

ᴩ4֝װо Ȳ ∟ ᴩ5щᾼ ה (Chen et al., 2021)Ȳẞ6ѣ10ѡ 1800UTC

ḇ( 9b)ȴ 

 

ῴỞ ԈⱢ 2022 06 ד ѣ 04 ѡ 1200UTC ᾼ NCEP ԓ иέ Ȳԛṿӣ

WRF ₤ ᴩ 6 Њ ( 9a)ȴ ∟ṿӣ WRFDA Мᾼ RANDOMCV ẗ ױ

ᴩ Ȳ֯ ạ Ὲ иέМҒϤ Ȳ Ӣ 32 Ṇ כ Ȳṳ ӣṆ

ӂᶁ ᵂⱢ ֥Ϯ иᾎ (3DEnVar) ᾼῴỞᴷ ȴ֝ Ȳ ṷṆ כ М ҏ

Ϡ ד☼ ᾼ￼ ẦѠ Ɏbackground error covariancesȲBECɏȴ ֥Ϯ иᾎ

Њо Ӣᾼиέ Ὠ֯ ETKF ∟ậ҅ϠṆ ӂᶁ Ȳ ᴖ ’ϠẒ ֝оṆ

ɎETKF ế 3DEnVarɏП ᾼЄѐ⇔ ᴿȴEPHד ֝о1019RO Ȳ

ѻ ẃᴞ ϝ ╦ ȴҫҵ֯Єѐ⇔ ҒϚ ḥצ ֝оᾼ

ȲҪnoDAȲ֝דᾼ ה ứᵀḥצ ᴩ֝оȲ╥Ӧ20226דѣ4ѡ 1200UTCỞ

ȲϚ ẞ6ѣ10ѡ 1800UTCḇȴ( 9b) 

 

֯ ϱȲ3DEnVar ֝о ứⱢМї ϮЊ֢∟‹װ Ȳ ◕в

ᾼἬצҠӣ Ȳ с ῴỞ ᾼ ҅ῶἤȴױҵȲETKF Ἤ Ӣᾼ 

כ 32 ￼ Л ᵗὑצ с Л ứἤᾼᵧ ȲϷ צ ᵍṆ Л

ᾼ Ȳ ’ ῴỞ ẓ ֥ ᾼЄ Ȳṳ о Ѭ ϩ ᾼ

ϩȴ 

2ɇ3   Ѡᾎ 

ⱢϠ ᴷ֝о ​ ᾼ ὨȲӐׁשṅіϤ ếERA5

ᴩ иέȴӐׁשṅἬ ӣП Ѭ ẃ ⱢМҶ ∂ Пᵛ ứ Ѭ

ᴷ Ṇ ɎQuantitative Precipitation Estimation and Segregation Using Multiple Sensors, 

QPESUMSɏȲ Ṇ ֥ ӣֵ Ἤ Пч Ȳṳ ֥֮ ​

ᴩӻϿ Ӕ ӔП Ѭᴷ ₇Ȳ Ѭᴷ Ѡ ṿӣ ἤ Z-R …

ה ч ɎZȲ ᴯȸmm  mįɏ Ɫ ​ ɎRȲ ᴯȸmm hĭɏȴӐׁשṅṼ  
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Xin et al. (1997) Ἤ ҏП  ȸה…

ὤ σςȢυὙȢ  

֫ᾌ Ɫ ​ Ȳ ᴖ Ѭ ȴⱢ сᴷ ⇔Ȳ

QPESUMSצ ӣМҶ П֮ ᴞ ​ ᴩ֝о ӔȴӐׁשṅ ​

20ï27ęN, 118ï123ęE ( 7 )Ȳ Ҕ╗ Ӑ ếỂ ᾼ

֮ ѿц и Ὼᾼ Ȳ צ ֮ ế Ҡ ᾼ щ Ṇ Ȳ

ֽ ȳ ​ ȴᴖЄѐ⇔ ⁄╥ ᴕ ​ Ѭ

ӣ ​ᾼ ▲ῶᾼ (15ï30ęN, 110ï127ęE)Ȳ 7 Ȳ Ҕ╗Ϡ ⁮֮ ȳ

⁮ Җ ȳђЂ ѿц Ӑ ếỂ ȲӔ╥ ​ᾼ ȴи

έ ṷ ᾼ ȲҠѿḆ ֮ᵒ ​ ᾼ Ȳ ᴖ с Ѭ

ᾼ ἤȴ 

Ӑׁשṅᾼ ѠהиⱢẒ Ȳ Ϛ Ɫɦ ἤ (Continuous Verification)ɧȲ

ᴷῈ ϱ ế П ᾼ ȴѻ ӣὑЄѐ⇔ᾼ ȲȷҫϚ Ɫɦ

ᾎ(Categorical Verification)ɧ⁄ӣὑᵛ ứ Ѭ ᾼ ᴷȴ֢ и ếӣ

֯ῶ2ȴ ὑׁשṅ ᾼ Ὠ иᵑᵧ ὑ Ϯ ȴ 

   ᶁѠ (Root Mean Square Error, RMSE) 

еֽהϯ: 

ὙὓὛὉ 
ρ

ὲ
Ὂ ὕ  

Ὂ╥ ϱ Ȳὕ╥ ϱ ȲnῶӱἬצ Ϥ П ȴ 

RMSE Ɫ ה ᾼӂѠӂᶁԛ Ȳӣѿ

ᾼ ⇔Ȳ Њ҅ῶ ῶ ȴ ╓ ὑ Єᾼ ᾓ Ɫ Ȳ

֥ӣὑ о ἤ Ɏֽ ⇔ȳ Ѭ ɏᾼ ῶ ȴ 

ד    ᶁѠ (RelativeRoot Mean Square Error, RRMSE) 
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еֽהϯȸ 

ὙὙὓὛὉ
 
ρ
ὲ
В Ὂ ὕ

ρ
ὲ
В ὕ

ρππϷ
 ὙὓὛὉ

ρ
ὲ
В ὕ

ρππϷ 

ẔМϱהиӕⱢ ᾼӂᶁ ȴRRMSE Ɫ RMSE о∟ᾼῶ ѠהȲ

ѐ⇔ᾼ ȲṿЛ֝ ἨЛ֮֝ ᾼ ẓצҠѩ ἤȴRRMSE 

ЊȲῶӱ דה ὑ ӂᶁ ᾼ ѩẂ ᵅȲ ῶ Ṿȴ 

   Ὲ ד … ɎSpatial Correlation Coefficient, SCCɏ 

еֽהϯȸ 

Ὓὅὅ
В Ὂ Ὂ ὕ ὕ

В Ὂ Ὂ ὕ ὕ

 

ẔМὊ╥ ϱ вᾼ ȲὊ╥ ПӂᶁȲὕ╥ ϱ вᾼ Ȳ

ὕ╥ ПӂᶁȴᴖῈ ד … (Spatial Correlation Coefficient, SCC)ᴕ Ϡ Ὲ

МἬצ Ȳ ᴷ П ֯Ὲ иᵉῶ ϱᾼד ἤȲẔ Юὑ 0 

ᴟ 1 П Ȳ Ὼ 1 ῶӱ Ὠ П ᾼῈ Ϛ ἤ Ȳ צ ч╣ ѬἨ

Ẕ҃ ᾼῈ ἤȴ 

╓ғכꜜ    ɎCritical Success Index, CSIɏ 

еֽהϯ: 

ὅὛὍ 
Ὄ

Ὄ ὓ Ὂ
 

ẔМH ⱢỄМװ ɎHitɏȲM Ɫ װ ɎMissɏȲF Ɫ װ ɎFalse alarmɏȴ

CSI Ϸ Ɫ Threat ScoreȲ  ETS RȲӣѿ ṶԈ ṶԈᾼϚ ⇔Ȳ

֯ὑ ᴷ ὑצ ӢṶԈɎֽ ѬɏПỄМ ϩȴ Ẕ҃╓ ѩȲCSIЛᴕד

Ӕ ṶԈɎᵛ Ꞌӑ ӢṶԈɏП ᶮȲ֪ױ ᵑ ӣὑиέᵅ Ӣ Ἠ

ṶԈᾼצ ȴCSI ᾼậ Ɫ 0 ẞ 1Ȳ ῶӱ ṶԈᾼ ϩ

ṾȲ Ὼ 1 ⁄҅ῶ ⇔ ȴ  
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   еӔ ԑ иɎEquitable Threat Score, ETSɏ 

еֽהϯ: 

ὉὝὛ 
Ὄ Ὑ

Ὄ ὓ Ὂ Ὑ
 

Ὑ  
Ὄ Ὂ Ὄ ὓ

Ὄ ὓ Ὂ Ὓ
 

RɎRandomɏⱢ֯ Ӵ ϯП ỄМ ȲSɎSafeɏ Ɫ

ṶԈᾼװ ȴETSѻ ӣὑ ᴷ ה ứ Ѭ ⇔ṶԈᾼи ϩȲẔ Ю

ὑ -1/3 ẞ 1 П Ȳ Ὼ 1 ῶӱ ה ϩ ṾȷETSὑ0Ɫ Ȳ  ETS 

Њὑ 0 ⁄҅ῶ ὑ Ȳ ӱ ὨЛṾȴ 

   Ὲ ᾎɎFraction Skill Score, FSSɏ 

еֽהϯ: 

ὊὛὛ ρ
ВὊ ὕ

ВὊ Вὕ
 

ẔМ FȳOⱢ Ɏwindow sizeɏӂᶁ∟ᾼ ᾼϡ о Ѭ ȴ 

FSS Ɫ Ὲ ᾎМ ӣᾼ и╓ Ȳӣѿᴕ έ⇔ МҠ ֪​ ᴯ

Њ ᴖ и ᾼ ȴѿ 5Ĭ5 ᾼиέ ⱢẂȲ ᾼ Ѭᶁи

ᵉ֯ 7 ϱȲ ֪ẔῈ ᴯ ṳӑᶙԓ Ȳ ӣֽ ETSȳCSI ᾼϡи

Ѡᾎ ᴩ ᴷȲ ᾼᶾҾ иⱢ 0Ȳῶӱ ₤֯ צ Ѭ

ϩȴ ᴖȲ Ṕ⇔иέȲ֯ױῈ в ᾼ Ѭ Ӣ Ɏᵛ Ѭ

Ҝ ПѩẂɏꞋⱢ 7/25Ȳ ӱϡ῏֯ Ѭ Ȳ֝ד ֯Ὲ ᴯ ϱ

צ ȴ Ѡᾎ ứ ЄЊȲ ᴩῈ ӂ Ȳԛ Ẓ῏ᾼ

⇔Ȳ ᴷẔ֯ Ὼ вᾼϚ ἤȴFSS Ὼ 1Ȳῶӱ ה ֯Ὲ

ϱ Ϛ Ȳ Ḇ ֮ч╣ ֯ᶝ ᾼ ⇔ȴ 
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2ɇ4   Ṇ ⅎ ứᴯѠᾎ 

ᴯ ᾼᵒứ ҟѻ Ԋ ֢֮ ᾼщ иέ Ȳ ᴩϢЏȳ

ѻ ᾼ иέɎLamb, 1950ɏȲ ѻ иέᴟЭЬⱢԓ ֵ щ Мїᾼ ᵂ ☼

ɎPook et al., 2012ɏȴ ᴖȲ ​ ​ᾼ ṅȲשׁ ֯Єѐ⇔ϱᾼ

ứᴯ ​ ⇔ ᴯ ᾼ ẓצ ȴ֪ױȲӐѝ ᴯ ᾼᵒ Ѡᾎ ᴕ

ϢɎ2019ɏɞ ֮ Ṇ ⅎ ѠᾎПѩ ɟϚѝȲ ӣ975 hPaᴯ Ɏ ᴯȸ

Kɏᾼ ⇔ᵂⱢⅎ ╓ ( 10)ȴᴕ Ὼ֮ῶה Ҡ ֪֮ᶮ ᴖ

ϩἨ ϩ ӢṆ ἤ Ȳ╝ Ϥ֮ᶮ ⇔֯150еѐѿϯᾼ ᴩ

ȴ ᵂ ȲӼӼ ϚḔ ᴕ ϢП∂ Ȳ ​ Ɏprecipitation rate, PRɏᵂⱢ

ᴯ ⇔ᾼ ȲẔМ᷂ ​ Њὑ1ᾼ Ɫ1Ȳ ’ ᴯ Л Ҭ֯

​ ȲӼᵛѿ |ɳɗ| Ĭ PR WⱢ ᴯ ᵒ ᾼ Ṽ ȴױѠᾎ Ḇ М

Ҷ ֮ щ Ἤ ӱᾼ ​ ѻ ȴ 

ẓ ᵂᾎ╥Ԓὑׁשṅ Ɏ21ï27.5ęN, 117.8ï124ęEɏвȲ ḕ ⇔ϱ|ɳɗ| Ĭ PR

Є ᾼ ⇔ᴯ ȴⱢ ᵍ֪Њѐ⇔ Ἠᶝ ҏ Лᴞ ᾼ

₤ ȲӐѝ ϚḔ ӣ ӂᶁɎmoving averageɏ ᴩ ȴѿ 202 ⇔ Ɫ

ẂȲ ậ 15%Ɏᵛ30ɏᵂⱢ  ⇔ȲὑḕϚ ⇔ ȲậẔ›∟֢15

ᾼ ᴩӂᶁȲ Ἤ ὨᵂⱢ ᴯ ȴ ὑᴯὑ ꜜᴖ ᾎậ ᶙ

ᾼ Ȳ⁄ѿ ȴ ӂᶁ∟ȲἬ Ҡצ ѐ⇔ Ȳӂ ᵧ

ѻ ṛ֣Ȳצᵗὑ ᴩ∟ ứ иέ ϢЏщ Ὠ ᴩѩ ȴ 
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Ϯȳ Ὠ  

3ɇ1   ֝о Ὠ ֥  

ⱢϠ ֝о ὑ ה Ὠᾼ ȲӐ ṅԒиᵑӦשׁ ⇔ȳ ⇔ȳ

EPH ҟ GTSῴỞ ᾼиᵉᾭᾓȴӦὑӐׁשṅ╥֝о 24Њ Ȳ֯

֝о ∟о֝ה ẞῴỞ ∟ԛ ȲῴỞиέ ∟иέ П ᾼ Ὠ ᶈ

ế֝оᾼ Ȳ╝ ֝о Ẓ ᾼӂᶁ ế иέ ԛи

έ ѩ ẃ Ϡ ᾼ ֪ȴ 

 

11(a)-(f)Ɫ ӱ ד2022 6ѣ 4ѡ 18UTC֝װо∟иέ ֯ 700ȳ850ế 925 

hPa⇔ᾼѬ ⇔ᾼ иᵉȴ МҠѿ ẞȲGNSS-RO ᾼ֝о ῴỞ

ӢϠ ᾼѬ ế ⇔ Ȳѻ М֯  ῺцRO Ἤ֯ ȴẂֽ֯

⁮ Ɏᴫ⁮ủ ☼Ϛ ɏᾼ850 hPaế925 hPaȲEPHד GTSᵧ Ӕ

ᾼѬḦ Ȳῶӱ֝о GNSS-RO∟ ᾼѬḦ ֥ѩ Ғȴ GNSS-RO

ẁϠ ϱᵅ ѬḦ צ ȷד ֝о ᾼ GTSȲEPHиέ Ὑ Ғ

Ϡ ѿ⁮ ◦ϱῈᾼѬḦᵶ ȴ ᾼ Ὠṿ  ῺѬḦ ⇔ḆⱢὙ ȲⱢ∟

​ᾼ ẁϠḆ҉ṜᾼѬḦẁ ȴ ⇔ Ѡ Ȳ  ῺӼҏ ᶝ ᾼ ⇔

ȴ֯925 hPaϚ ҠṓEPH ᵅὑGTSᾼ ⇔Ɏ ɏȲч╣ ╦

֝оҠ Ϡ ᴡ ⇔ȴ ᴖṕȲ 11╓ҏGNSS-RO֝ оṿῴỞиέ ֯

ᾼѬḦ Ғȳ ⇔ ȴϚṆԝRO иᵉᴯ ᾼ Ϸ ӱ

ѻ ֯Ԓ› ЛṜᾼ ϱ ẁϠ Ȳ ᴖ ӔϠиέ М  

ῺᾼѬḦ ⇔ ȴ 

 

12Ɫ ӱ 24Њ ֝о∟Ɏᵛᶙכ 5 6Њ ֝о ɏᾼ иέ

ȴ ῴỞ ѩȲד иέ ᾼ иᵉѻ ч╣֯GNSS-RO ᵅ ᾼ

Ὠȴ֯850 hPaế925 hPa⇔ȲEPHד GTSṼ ═ ᾼѬḦᵶ Ȳ

яẔ╥֯ ⁮ цẔϱϯ ȲҠṓ ᾛᾼӔѬ ȴ ῶӱ Ϛ щᾼ֝оȲ

EPH═ ֯ ḆֵѬḦȲṿиέ Ḇ ȴױϚ ›Ϣׁשṅ╓ҏ֝о

╦ ҠҒ ϱѬḦ ȳ Ὼ֮ῶѬ ᵶ ᾼ ὨϚ ȴҫҵ֯ Җ М

֮ Ϛ Єѱצ ѬḦ Ȳῶӱדѩ GTS ȲEPH ѬḦ юȲ ҒϠ

⁮ҖѬḦ ⇔Ȳ Ѭ ⇔ Ằ Ẓ Є֯׀ ɦ ɧᾼ ☼ Ȳ

ᵅ ᴫ⁮ ☼ ὋсᵂӣȲṿ ὔᶮכ ☼ế ​ Ȳ ϚḔҒ ​ ȴ

⇔ Ѡ ȲEPH֯  Ὼᾼ925 hPaד ὑGTSᵧ ҏ ᵅᾼ Ȳ ӱ

GNSS-RO֝ оṿ ᾼᵐ ѩḆ Ὑ ȷᴖ֯ 850 hPa█ṷᶝ ᴯ ⁄Ҡ
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ҏ Ӕ ⇔ Ȳ҅ῶEPH Ɫ ὑGTSȲ ṷ ⇔ Ḃ Ҡ ч╣ ֯ה

֝о М Ϡ ₣᾿ ȴ 

 

ᴖ ֝о ᾼӂᶁиέ Ȳ ᾼ ӂᶁ ᵑ

ᾼ Ȳ ϯᾼ╥Ẓ Ṇ ֯֝о ϯ ᾼכ ứἤ Ȳᵛ֯█Ϛ◕

в ה ═ ҏ Ệứᴯ ἨѠ֣ᾼ ȴӦ 13ҠѿכҏȲEPHד GTS

ᾼṆ ἤ ѻ М֯ ​ Ὼ ȴ֯Ѭ Ѡ Ȳ850ế 925 hPaӂᶁ

Ꞌ ӱ ѿ⁮ Є ѬḦᵶ ( 13a,c)Ȳяѿ ѿ⁮ᴟ⁮ Җ Ϛ Ɫ

ȴ Ằ ֯ ֝о МȲGNSS-RO ═ і ה Ғ ᾼ ⇔Ȳ

оϠ⁮ ᾼѬḦẁ ȴד ֮Ȳ Җ Є ᾘỴ֮ ⁄ ᵧפּ ᾼѬḦ

Ȳῶӱ EPH юϠҖ ᵐῈ МᾼѬḦᵶ ȲҠ ҅ῶ‹ Ϡ Ӑ ᾼи

έȲױ⁮ Җ ᾼѬḦ ᵗὑצ с Ẓ ѬḦ ⇔ᾼ ѩȲṿ ᴯ ḆὙ ȴ 

 

⇔ ӂᶁ ⁄ ӱ ᾼ иᵉ ᾓȸ֯925 hPaȲ  Ὼᶝ ᵧ

EPH ᵐὑ GTSᾼ ( 13d)Ȳᴖ֯ 850 hPa█ṷ ϱ EPH (

13b)ȴ ṷӂᶁ ⇔ ⇔ЛЄȲᵀ Мὑ Ȳ ӱ֝о М Лה

ᾼ ϩ ȴẂֽȲ925 hPa⁮  Ὼᾼ ȲҠ ╥֝о

ᵐ⁯Ȳצᵓὑ Ӣ ȷᴖ850 hPaᶝ Ӕ ȲἨ Єѐ⇔ ᾼ צ

ȴ ֥ᴖṕӂᶁ иέ оϠ› ȸGNSS-RO ֝о ד ᾼѬḦẁ

ế ⇔ ẃ═ ѹṆ ἤᾼ ȴױ ֯Ὲ ϱ ​ ᴯ ⇔ᵭ֥Ȳ

ӱ ╦ צ ӔϠ ЛṜϯиέ ᾼṆ ȴ 

 

› ᾼⱢẒ ᾼѩ ȲḥצҒϤ ἬѿЛ ứẔ Ӕ╥ᵡ҆иέ Ȳ

╝ ϯẃӣ 14ѩ Ẓ иέ ERA5ԛиέᾼ Ȳѿ о GNSS-RO֝ о

иέ ⇔ᾼ ȴ|EPHïERA5|-|GTSïERA5|П иᵉɎᵛẒ иέ ד ERA5

ᾼ ɏȴ █ ᴥ ӱ Ȳ҅ῶ EPHиέ Ḇ ῺERA5Ɏ Њɏ

ᴖGTS ЄȷчПӔ ῶӱEPH GTSḆЄȴ ὨὙ ֮ ӱҏȲEPHи

έ ד ERA5ḆҒ ᾼ ѻ М֯ ​  Ὼȴ֯850 hPaế925 hPa⇔

ᾼ ϱȲЄѱ ᵧ ȲῶӱEPHᾼѬḦế ⇔иέ Ḇ ῺERA5Ȳ

ԛиέ Ὑ Њὑ GTSȴẂֽ֯ ѿ⁮ᴟђЂ Ϛ ᾼ ȲEPHѬ

Ḧ ᾼ GTS ᵅȲ Ằ ╦ ֝оצ ӔϠGTSҠ ᾼѬḦ֯׀

Ȳṿиέ ѬḦиᵉḆ ֥ԛиέ ȴᴖ֯  Ὼᾼ925 hPaȲEPHᾼ ⇔

Ϸ ERA5Ḇᵭ Ɏ֥ᵧ ᾼ ɏȲ ӱ ᴯ ⇔ GNSS-RO֝ о∟ ẞ

Ḇ ᾼ ȴ ᴖṕȲ 14 GNSS-RO ֝оצᵗὑ сиέ Є

ᾭ ᾼ Ὼ ⇔Ȳ ӑ֝о ╦ ᾼ GTSדѩȲEPH֯ ᴯ ȳѬḦ ⇔ѿ

ц ⇔ иᵉϱᶁḆ ῺERA5ԛиέȴ 
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֥ 11ᴟ 14 ὑGNSS-RO֝ оᾼ иέ ᾼиέȲҠѿὙ ҏіϤכ

GNSS-RO ╦ ֝о∟Ȳ ה ֯иέ ╥ ϱᶁҏ ֵѠ ᾼḂ ȴ

Ԓ֯иέ ◕Ȳ ╦ צ Ϡ ϱ Ὲ ᾼЛṜȲṿ ​ ᾼѬ

Ḧиᵉế ⇔ Ḇ Ὼԛиέ ȴEPH ῴỞ ⁮ ѬḦὙ ҒᴖҖ Ҡ

Ȳ Ϡ ᾼ ⇔ ⇔ȷ Ẓ ᾼ ⇔ Ӕ∟Ȳ Ӣ Ḇ ֥ERA5ԛи

έȴ 

3ɇ2   ֥  

0-48Њ ᾼ ɎK 15ế 16ɏȲϮ noDAȳGTSȳ

EPH֢֯ ◕ᾼῶ ᵧ Ὑ ȴ ᴖṕȲ ֝оᾼnoDA ЄȲᶁ

Ѡ ɎRMSEɏὙ ὑҫẒ Ȳᴖ ה ERA5ԛиέ ᾼד … ɎSCCɏ

⁄ ᵅȲ ӱ ѽ ֝о ȴד ПϯȲ ֝оᾼGTSӦ

ὑצ ֝оіϤ֮ Ὲ Ȳ ᵅϠ֢ ᾼRMSEȲ֝ SCC Ȳ

Ϡ ֝о ⇔ᾼ ᵂӣȴ 

 

и ◕ẃכȲ֢ ֯ Ɏ0ï12Њ ɏ ◕ᾼ֝о ὨяⱢ ȴױ noDA

֪ῴỞ ѥ ֝о Ȳ Ẃֽ925 hPa⇔ȳ850 hPa⇔ц850 hPaѬḦ

֥ѩᾼ Ự ȷẒ֝о ⁄Ὑ ᵅϠ ṷ ᾼRMSEȲ сϠ ԛи

έ ᾼד ἤȴEPH֯ в ϚḔ Ṿῶ ȷד … Ѡ ȲEPH ֢

₤ᾼ ⇔ Ȳ֯ ᾼ ⇔ ế ⇔ ד … ᶁ ὑ GTS Ȳ ӱ

GNSS-RO֝ оБ֯ ῴ ӢӔ ȴ ᵑ╥ ⇔ ȲEPH ֝о ҵᾼ

╦ Ȳṿ  ῺᾼѬḦ Ḇ ῺERA5ԛиέȲ0ï12Њ вѬḦ оᾼ

ḆⱢϚ ȴ 

 

֯ 12ï24Њ ᾼ МȲ › 12Њ ᴿȸ֝צоᾼẒ Ṽ Ὑ

ὑnoDAȲѹEPH═ ὑGTSȴ Ἃ ȲϮ ᾼRMSE

Ꞌצ ᴖ Єᾼ ȲᵀnoDAᾼ ЄȲяѿ ⇔ếῺ֮ ⇔ ᾼ

Є Ὑ ȷד ֮ȲGTS EPHẒ ֪ Ở ṾȲẔ   ȴ

ᾃ ᾼ╥ȲEPH 925 hPaῺ֮ ᾼ ד ἤ֯12ï24Њ вϷ צ сȲ

ӱGNSS-RO ᵅῈ ᾼ ֯Ϛщв ȴ 

 

Ϥ24ï36Њ ᾼМ Ȳ› ֢ ῶ ᾼ צ ЊȲT Ь ═ צ ȴᵻ

noDA֯ Є ֢ ᾼ RMSEṼ Ȳ ᵑ╥֯ ד ᾼ Ɏֽ850 hPa
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⇔ế925hPa ֣ ɏϱ ═ ЄȲ ӱӑ֝о ᾼ ֯Ϛщ∟ ѿ Ӕ

ᾼ ȴGTS ᾼᵂӣȲ ḀạϠױ◕ в ᾼכ ȲRMSE

Ὑ ᵅὑnoDAȲד … ⁄’═֯М Ѭ ȴEPH⁄ ҏ ᾼ

ϩȸ֯925 hPa/850 hPa⇔ȳ ⇔ѿцᵅ ᾼRMSEѠ Ꞌ═ ᵅὑGTSȲ

֝ SCC’═ ȴẂֽȲ36Њ 850 hPaѬḦ ֥ѩᾼRMSEȲEPH GTS

ϚḔ ᵅȲῶӱ ╦ ֝о ѬḦᾼ ױ֯ ◕Ь ȷ֯׀ Ӧ GNSS-RO

Ḃ ᾼῴỞ ⇔ Ҡ ṿ צḆה ֮ ҏ Ѭ ѬḦ Ȳ֪ᴖ֯24ï36Њ

Ṽ ═ ЊᾼѬḦ ȴױҵȲ Ѡ Ẓ Лֽ ⇔Ὑ ȲᵀEPH

֯925 hPa֣ ᾼRMSEЬ Ȳ ӱEPH֯ ⁮Җ оϱѩGTSḆ

Ὼ ᾓȴ 

 

ẞϠ  ᾼ36ï48Њ ◕Ȳ֢ ᾼ ᶾҾᶁ Ở ὑϯ ȲnoDA֯ Ẓ

щ ḇ ᾼRMSE ȲẒ ắẞ ᾼ כ ȲT ד noDA

Ь ’═ Ṿᾼ ⇔ȴяẔ֯850 hPaѬḦѠ ȲEPH GTSᾼ RMSEḂ ֯

36ï48Њ ∟ Ṽ Ὑ ȲҠṓ ╦ ᵅ ⇔ ᾼ ṿ ᵛṿה ᴩẒѡȲЬ

Ḇצ’ ᾼѬḦиᵉȴ 

 

ᾼẃ Ȳ 15 16 ӱ֯ 0ï48Њ Ȳ ֝о ɎGTS

EPHɏЄ ὑ ֝о Ȳᴖ ֥GNSS-RO ᾼEPHῶ ṾȲ֯Ἤצ

◕ế ϱᶁ Ϛ ȴ֯ ⇔ Ѡ ȲEPHᾼ925 hPa850 hPa⇔

ԓ ᶁѩGTSᵅּפ ᾼ ⇔Ȳד … Ϸ Ȳ҅ῶEPHḆֻ֮ Ϡ

ᾼ ⇔ ⇔ ȴḂ ⇔ Єᾼ ╥Є ⇔ Ȳ ╦ іϤ ϱ₣᾿ ⇔

иᵉ ȲEPHᾼ 850 hPaѬḦ ֥ѩRMSEὙ ЊὑGTSȲ ◕вᶁ

ᵧ ҏ Њ Ȳ ӱ֝о GNSS-RO ᵅ ѬḦᾼ Ὑצ ᵗ ȴҫҵ ᵑ╥

925 hPa֣ ế ֣ ᾼ RMSEȲEPHᶁ ᵅὑ GTSȲ֝ ᾼ SCCϷ ═

ȴ Ằ ╦ ֝о Ӧ Є ϩ Ȳ ϚḔ ϩ֮Ḃ ϠѬӂ ᾼ

ȴ 

 

ᴖ Ϡ֢כѬӂ ҵȲ иᵉ᾿₣כ ѿ ᴷGNSS-RO֝ о ֢ ⇔

ᾼ Ȳ 17Мצиҳ Ɏ҅ῶҳ ◕ɏȲᵀ ╥Ϛ ᾼȲ

Ὲ ϱᾼװ ȴ 17 ϚḔѩ Ϡ EPHד GTS֯Л֝ ⇔ᾼ₣

᾿RMSE иᵉȲ ᴥפ ɎѬḦɏ ᵑ֯Мᵅ Ɏּ800פï975hPaɏ ЄȲ

ӱEPH֯  Ὼ ⇔ᾼ ⇔ Ὑ ЊὑGTSȴ֝о ╦ Ἤ ᾼᵅ

ѬḦ‒ Ȳṿ ה ⁮ҖẒ ⇔ ⇔ᾼẘ Ḇ Ὼ Ȳ ᴖ֯ ⇔ в

ᵅϠ ⇔ ᾼRMSEȴ Ɏֽ700 hPaѿϱɏѬḦᵶ Ӑ ᵅѹ֢ צ

Ȳ֪ױ ѬḦRMSE ​ ЛЄȴּמᴥפ Ɏ ⇔ɏ⁄ ӱEPH
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GTS֯Є и ⇔ᾼ ⇔RMSE Ɫ ЊȲῶӱEPHᾼ ⇔ ֢֯

ᶁ ὑGTSᵀ ⇔ЛЄὑῺ֮ ếМ Є Ɏּ850פ hPaц500ï700hPaɏȴ 

 

Ѡ Ȳ 17М ֣ Ɏ ᴥɏ ֣ Ɏ ᴥɏᾼRMSE פ ӱϠGNSS-

RO֝ о Л֝ ֣и ᾼ ȴ ᴥפ ֯ 700ï925hPa⇔ Ὑ Ɫ ȲяẔ

פּ֯ 850 hPa Ὼ ⇔ ЄȲῶӱ EPH֯ᵅ ֣ ᾼ Ὑ Њὑ GTS

Ȳ ч╣GNSS-RO֝ о Ϡ ⁮Җ֣ Ɏֽᴫ⁮ủ ☼ế Ӣ ɏ

ᾼ Ȳṿ ᾼ ֣ ḆⱢ ȴדѩПϯȲ ᴥפ Ɏ ֣ ɏЄ и ⇔ Ὼ

Ȳ ֯ᶝ ⇔ ᵧ Ȳ ӱEPH ὧᴫ֣ RMSEᾼḂ ד צ Ȳ

Ҡ ╥֪Ɫ ​ ѻ ᵧὧᴫṛ֣Ȳщ Ṇ ᾼ оֵⱢ⁮Җ֣Ȳ֪ױ

GNSS-RO ֣ ᾼ ḆּטҏȲᴖ ֣ ᾼḂ Лֽ ⇔ ֣ Ὑ ȴ 

 

Ӧ 17 ῀ GNSS-RO ╦ ⇔ ᾼḂ ẓצ ד⇔ ἤȲ

ᵑ֯ ☼ Мᵅ ȲEPHᾼѬḦế ֣ Ὑ ὑ ֝о ᾼ GTSȲ

ὙϠ ╦ ​ ᾼ ᵂӣȷᴖ֯Ẕ҃ Ɏ ⇔ ֣ ɏϱȲEPH

Ϸ’═Њ ⇔ᾼ Ἠ GTSד ȴяẔ╥ ⇔ ᾼ ȲGNSS-RO֝ о ẃ

ᾼḂ Ὠ ⱢὙ Ȳ Ɏ ᵑ╥⁮Җ ֣ɏӼ֪ ⇔ ⇔ ᾼḆ ᴖ

сȴҫҵ֯ ◕ϱиέ ῀ȲѬḦRMSE֯12ï24Њ ◕ᾼḂ ⇔ Єế

֣ ᾼḂ ֯24ï36Њ ═ ṾȲ ὙGNSS-RO М ᾼ ᵗ ᵑὙ Ϸצ

ᵓὑ ȴ 15-17 ṷ Ὠ֙ ϠіϤ ₤ ɎֽGPS╦ɏ

צ о ה ​ ᾼ ϩȴ 

3ɇ3   ​ ᴯ  

ṅשׁ ​ ​ ›ȲԒ ֝оGNSS RO ᵡצᵓὑ ​ ᴯ ᾼ

⇔Ȳ╝Ӑׁשṅ ᴕϠ Ɏ2019ɏᾼứ Ѡᾎԛ ᴩ ḂȲӐׁשṅ ​ ᵒ Ѡ

ᾎ֯2-4 Бԝҏȴᴖ 18 ҏᾼ ​ ὧᴫ ⇔ḥצ ҏὧ 117.8ế124⇔Ȳ

ứҏ ╥֪Ɫ ​ ֯ ϱ ắ֮ᶮ ֮ᵒ ҏᴯ ȲṳѹӐѝ

ṅᾼѻשׁ Ɫ ֮ ᾼ ​Ȳ╝ ὑ  Ὼ ᾼ ᴯ ȴ 18ѩ

Ϡ EPHȳGTS ERA5Ϯ ֯ 6ѣד2022 6ѡ 00ᴟ6ѣ 7ѡ 06UTCᾼ ᴯ

ȲҠѿכҏ֢ ẘ ᾼ Ὑ֯׀ ȴGTS EPHẒ

ᾼᵒ Л֝צ⁄ ⇔ᾼ ȴẔМ GTS ᾼ ᴯ ד ᴯ Ȳ ѩ

19ᾼМҶ ֮ῶщ ᴯ Ҡ ⁮ȲἬѿGTS ֯  Ὼᾼứ

ᴯ ᾓЛ ȴ֯∟ѝᾼиέ֝דȲGTSᾼד ᴯ ⇔ Ɫ Ȳ ӱ

⇔Ҡ ᵅᴷȴчПȲEPHӱҏ ḆⱢ ѹ ⇔ Ȳҫҵ EPH

ᾼ ᴯ Ὼ 19Ἤӱ ᴯ ȲѩGTSḆ Җȴ 
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EPH Ḃ Ȳ−Є ⇔ϱ ғὑGNSS-RO ᾼ֝оἬ ẃ

ᾼᾬ Ḃ ȴGNSS-RO ẁϠ ₣᾿ έ⇔ᾼЄ ᷉ ȲҠ Ɫ ⇔

ế ⇔ᾼ ạȲяẔ֯ ѽᾼ ◦ц Ὲ ẁϠ ȴ ֝о

ṷRO ȲEPH Ḇ ֮ ҏ Ẓ Є ᾼ ϩế ⇔ Ȳ֯Ӑ М

֝оRO ∟ ѩ GTS⁮ Ὲ Җ Ὲ П ᾼᴯ ⇔ḆὙ (∟

ѝ ц)ȲRO ֝о ӔϠ GTS МҠ ᾼ֯׀ ϩ Ȳṿ ᾼ

ế ⇔ иέḆ Ȳ ᴖ ế ֥ ᾼᴯ ȴ 

3ɇ4   Ѭ ц֪כиέ 

ѬῈ иᵉᾼѩ ϚḔ ὙϠ EPH  GTS ᾼ ȲӐѝ ṅשׁ

TAHOPE IOP3​ ᾼ ѬׁשṅȲ֯20226דѣ7ѡ0000-1200UTC( 30ᴟ42

Њ ) Ӣ Є​ṶԈȲ ӱ Ѭ ѻ ֯ ᴫҖ ế⁮ Ѝ ȲẔМ

ᴫҖ ֮צ 12Њ ​ 150ᴏȲ ᴫҖכ Л֝צ֢֮ ⇔ᾼ Ѭȴ

ֽ  20 ἬӱϮ Л֝ᾼ12Њ ​ Ȳ​ ╥ӣQPESUMS​ ȴ

GTS Ѭиᵉֽ 20(b)Ȳ ӱ ѻ ​ ᾼᴯ ֯М Ѝ ế⁮ ֮ Ȳ

ᾼᴫҖ ​ᴯ צ ѹ​ Ὑ ᵅὑ ȴד ПϯȲEPH ᾼ

Ѭиᵉ ḆⱢ ῺɎ 17aɏȴⱢϠ ϚḔѩ Ẓ ᾼ Ѭ Ȳ  21ếῶ3

и о ⇔Ȳ 21ԝҏϠẒ ֝о ֯Л֝ ​ ⇔  ϯᾼ

FSS,ETSếCSIȴ ᴖṕȲEPH FSS,ETSếCSI֢֯ ​   ϱᶁ ὑ GTSȲ

ẂֽϮ и ֯Єὑ ὑ100ᴏ  ϯ EPHὙ ὑ GTSȲ҅ῶ EPH 

​ᾼ ḆⱢ ȲѿцETSи ֯ ẒϯEPHϷὙ ὑ GTSȴ֯FSSЛ֝

ЄЊ ᵒ ᴩῈ ӂ ϯȲEPHṼ ὑ GTSȲ ӱ֝о GNSS-RO 

צ с ѬṶԈᾼ ᶾ и ȴױҵȲӦῶ3ἬӱEPH ᾼ ѬRMSE,RRMSE

ӼḆᵅȲSCCӼḆ Ȳ Ằ ᾼ Ѭ ḆⱢד ȲḂ Ϡ GTS М

ѬҠ ᾼ֯׀ ​ᴯ ế​ ᵅᴷᾼ ᶮȴ 

 

Ɫ  GNSS-RO ֝о Мѐ⇔Ѭ ᾼ Ȳ  22 ӱϠẒ

Л֝ ᾼҠ Ѭ Total Precipitable WaterɎTPWɏиᵉ  EPH-GTS ȴ

TPW╓ᾼ╥Є ▀М ἬצѬ כ ѬȲ ᴟ֮ ᾼѬ ȴ Ѡᾎ╥

Є М֢ ᾼѬ ᵶ Ɏѩ ɏ ѿ ∟ иȲ ӣеהⱢȸ403 ᷿ήὴὨὴȴ

ᴞ6ѣ5ѡ18UTCɎ 22a-cɏ ȲEPH ᵛБ֯ ᴫ⁮ цђЂ Җ ∂Ӵ

ѬḦ Ȳѹ Ɏ 22cɏ ӱ GTS ֯ ѬḦ EPHɑȲῶӱ GTS ῴ

Ở ᾎ҉и ѬḦ ȴ ᴟ 6ѣ 6ѡ 00UTC 06UTCɎ 22d-
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iɏȲEPH ᾼ ѬḦ ═ ֣ ⁮ ἋᴼȲᴖ Ɏ 22f, iɏ ϚḔ ӱ EPH 

֯ ֮ ⁮ ᾼѬḦ Ь ὑ GTSȲ҅ῶ EPHצ ═ѬḦẁ ȴᴟ

 24ï27 Њ Ɏ 22j-oɏȲ Ҡ Ѭ ϚḔ ᴟ М ⁮ Ѝ Ȳṳ

Ѭ ᵭ֥ȴᴖ 22o ӱȲ 

 

23ᵧ ᾼ 975 hPa ᴯ ⁄ ӱ ⇔ ⇔ ц ֯Л ứ П ȴ6

ѣ5ѡ18UTCɎ 23a-cɏ ȲEPH GTS ֝ ᴯ ד ӂ Ȳ ᵅȲ

Ὑ֝о ∟ῴỞиέ ⇔ юȴᴟ 6Њ Ɏ 23d-fɏȲEPH GTS

⇔ ế ד ȲR МɎ 23fɏγ ⁮ ᾘ М ֮ ᴯ  GTS ҏ 2ï3KȲ

ῶӱEPH Ḇẓ ֯ ☼ ȴᴖ 12Њ ∟ ( 23i)֯ Җ ϚӔϚצ

Є Ȳ 23g,hכẞGTS⇔ ⇔ (v )⁮ ѹѩEPHᾼᴯ ⁮ȲἬ

ѿ ⇔EPHѩGTSҏ5Kѿϱȴ  24-27Њ Ɏ 23j-oɏ ȲEPH ᾼ ᴯ

Б ϚḔ Ϥ ֮Ȳṳ Ҡ Ѭ ֥ȴ Ɏ 23lȳoɏ ӱ֯

М ᴫ Ѝ  ῺȲEPH ᾼᴯ ὑ GTSȲEPH ҏḆ ᾼЛ ứ

ᵅ Ȳ ὑ Ѭẓצ ᵂӣȴ 

 

ᴖṕȲEPH ד GTSȲ֯› ᵛẓ Ḇ ᾼ ḆὙ ᾼ ᴯ

Ȳṳ═ ֯ М ױ═ ȴ ṷ ᴞGNSS-RO֝ оἬ ẃᾼиέ Ḃ

ȲṿEPH Ḇ ֮ ​ᾼ ȳ ᴯ ạȲ ὙGNSS-RO М

ѐ⇔ ☼Ṇ ᾼӔ֣ ȴ 

 

6ѣ7ѡ00-12UTCᾼ ​ṶԈȲиẒ ◕ҟиέ(EPH ҏ ​ᴖGTS

ḥצᾼ6 (1 : (֪כѣ7ѡ00-03UTCȳ2) 6ѣ7ѡ03-06UTCȴ Ӣὑ ᴫҖᾘỴ

Ɏּפὧ 120.5ÁȳҖ 24.5Á Ὼɏᾼᶝ֮ ​ṶԈȴ 

   6ѣ7ѡ 00-03UTC​иέ 

иέ Ϛ ◕Ȳ ​ иᵉẃכɎ 24(a)-(c)ɏȲEPH֯00ï03UTCᾼ3Њ

​Мכғ ҏ ᴫҖᾘỴᾼᶝ֮ ѬМїɎ 24(a)ɏȲẔᴯ ế ⇔

ẞᾼ ​ ד ᵭ֥Ȳד ПϯȲGTSᾼ Ѭ Ὑ ѹӑ ֯ Ӣ

ᾼ ѬМїɎ 24(b)ɏȲ ᾌ ​ ᶝ ᵀ ⇔ ȴ 

 

Ɫ ϤϠ Ẓ ֯ Ԉϱᾼ Ȳ 25ế 26иᵑⱢEPH GTS

֯6ѣ7ѡ00ȳ01ȳ02UTCЊ ᾼҠ Ѭ ế975 hPaᴯ иᵉ ȴ00UTCȲ

EPH GTSᾼҠ Ѭ ֯ ᴫ צ ȸEPHБᵧ ҏ ᾼ
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Ѭ ᵶ ȲᴫҖᾘỴ ῺҠ Ѭ ὑGTSȲᴖ975 hPaᴯ ( 26)⁄ ӱEPH

֯ᾘỴ֮ ẓצ Ȳᴯ Ẓ ЛЄȴᴟ01UTC ȲEPHᾼҠ Ѭ

֯ Җ ếᴫҖᾘỴὙ Ғ( 25)Ȳɲ Ϛכ Ѭ Ȳч GTSȲ01UTC

ᾼѬ Ғ ⇔ ЊȲᴫҖ ᾘỴᾼҠ Ѭ ЬὙ ᵅȴẞϠ02UTCȲEPHᾼᵅ

Ѭ ϚḔ ȲᴫҖᾘỴϚ Ҡ Ѭ ẞԓ Ȳ֝ 975 hPaᴯ М

ӱ Ɫ Ȳ֯ Җ EPH⇔ ᵅȳ Ḇ Ȳᴖѹ ᴫ ᴯ Ȳ Ằ

Ὼ֮ ᶙ ѹ Ȳ֯׀ ☼ᾼЛ ứ ԈБכ ȴד ֮ȲGTS

֯02UTCᴫҖᾘỴᾼѬ ᵶ Ṽ юȲɑ ϩ ѽὙ ᾼ ⇔ἨЛ ứ ȴ

ϱ ѩ ὙȸEPH ֝оGNSS-RO Ȳכғ ҏᵅ ѬḦᾼ ế

ϩЛ ứ ᾼ ȷчПȲGTS֪ᵅ ѹ ứȲӑ ӢṜ ᾼ

☼ Ԉȴ 

 

Ɫ ϚḔѩ ☼ Ӣ Ẓ ᾼ₣᾿ Ȳ 27ế 28γ Ϡᾘ 29

Ἤӱ ᴯ ᾼ₣᾿ ȸ 27Ɫד ᴯ Ѭ ֥ѩ Ȳ 28Ɫ₣᾿ ⇔

֣ ȴ EPHᾼ ὨɎ 27(a)ȳ28(a)ɏҠѿὙ ẞȲכ ☼МїἬ֯ᴯ

ᵅ ẓצ ד ᴯ ế Ѭ ֥ѩᾼ▀ᾭ Ȳῶӱ Л ứ Ὼ֮ ѹѬḦẁ

҉Ṝȴ֯ ☼ ṆПМȲEPHҏ Ϡ ᾼ֣ϱ₣᾿ ⇔Ɏ 28(a)Мּמᴥ

Ȳ w = 10 m/sɏȲ ☼ Ҡ 500hPaѿϱȲ ӱҏ ☼ᾼ₣᾿ ȷ֝

ᴴ Ὑ ᾼ ֣ ☼ ȸ ☼ ᵅ ֣ ֥Ɏ 28aɏȲ ֯ ☼Мї

ᵅ Ȳѹᵧ ₣᾿ Ӕ ד ȲὙ Ϛצ ᾼ☼ ȴ Ằ EPH ᾼЄ

ẁϠ҉ḝᾼѬḦếЛ ứ Ȳṿᶝ֮ ☼ ѿ҉и ṳ ═ ϱс ☼ȴ

ѩПϯȲGTSᾼד Ѿḥצҏ ϱ ☼ ȸᴫҖᾘỴ ☼Мї ᾼד ᴯ

Ɏ 28(b)ɏ ԝ ⱢӂᴩȲ₣᾿Ѡ֣ϱӑṓ ד ᴯ Ὲ ֣ϱҐ ȲѬ ֥

ѩ֯ᵅ ϷὙ ЊȲ ӱЄ ▀ᾭ М ѽ҉ṜᾼѬḦế ϩ Ԉȴ֝ ȲGTS

ᾼᴯ Ѿḥצ ᾼ₣᾿ϱс ☼ ӢɎ 28(b)ӱw Ὼὑ0ɏȲ ֣ Ϸ

ḥצᵧ Ὑ ᾼᵅ ֥- ☼ ☼ ȴ ѽ GNSS-RO ֝оᾼ GTS

֯ ☼ Ӣ ӑ ∂Ӵ ☼Ἤ ᾼ ϩếѬḦќ Ȳ֪ᴖ ᾎ ҏ Ӣ

ᾼ Ѭȴ 

   6ѣ7ѡ 03-06UTC ​иέ 

иέ ϡ ◕Ȳ 24(dȳeȳf)ӱ6ѣ7ѡ03ï06UTC EPHȳGTS

ᾼ ​ ȴEPHɎ 24dɏԛ Ϡ ᴫ ​иᵉ ȲҔ╗ᴫ Ѝ ῺЍ

֮ Ϛצ Ὑ ᾼ ​ ȷ Ɏ 24fɏϷᵧ ᴯ֝ד ᾼ ​ȲẒ῏֯ ​

ᴯ ⇔ϱ ⱢϚ ȴדѩПϯȲGTS Ɏה 24eɏ ᾼ ​ ⇔Ὑ

Ȳ Ѭ ᾼиᵉ Ϸ Л ȲGTSӑ ֯Ӕ ֮ ᶮכ ☼​ ȴȴ 
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30 31иᵑⱢ EPHế GTS֯֝Ϛ ◕вɎ03ï05UTCɏᾼ Ҡ Ѭ

975hPaᴯ ȴEPH֯ ᴫ Ὼ ҏ Ϛ Ҡ Ѭ ȲṳѹᴯὑẔ

ϱẓצὙ ᾼ ֫ᾌ Ȳᴖ975hPaᴯ М Ẓ῏ᾼᴯ ῺȲᵀEPHᴯד

⇔Ḇ ếҠӦ ᴥ ҏכ EPH ᴯ ⇔ ( )Ẓ ᾼ Ꞌ Ȳ

ϫиצᵓᵅ ☼ ֥ȲⱢ ☼Ӣכ ӢϠ ϩ Ԉȴ П ѩȲGTS ᾼҠה

Ѭ ᵅᴖѹ Ϸ ⁮Ȳḥצᶮכ ᾼ Ȳ ☼ Њѹиᵉ Ɫи

Ȳӑ ═ EPH֝ ᾼ ếᵅ ֥ ȴ ὙEPHМѐ⇔ ᾼ

ᴯ ⇔ѿцᵅ ϩ Ὑ ὑ GTS ȲⱢ ☼ ẁϠ҉ṜᾼѬḦế

ẃ ȲᴖGTS ѽ ᴿ ԈȲ֪ױ ☼ юȴ 

 

32 33γ ᾘ 34Ἤӱ ᾿ ᾼ ȴEPH Ɏ 32bɏ ӱҏ

ᵅ Ɏּ600פï900hPaɏצϚ ᾼ Ȳ ֯פּ) ⇔24.5)֝ ᴴ ᾼϱ

с ( ₣᾿ ⇔)(33a)Ȳϱс ☼ᾼ Ӣ╥Ӧױ EPHצ ⁮ ế Җ ( 30b)Ȳ

҆ᵅ ֥ȳ Ὃс Ḇ ȲҒϱϱс ☼ѻ иᵉὑ֮ᶮῸ ịȲ ӱ֮ᶮὋс

֥ Ὃс ֥ ѬḦᵶ Ԛ֝ Ϡ ☼ ȴדѩПϯȲGTS Ɏ 32dɏ

Мᵅ ѬḦᵶ ᵅế ᴯ ⁮Ȳϱс Ϸи ᴖ ЊȲӑᶮכ Мᴖ ᾼϱ

с ☼ȴ ֥ ὨҠṓȲEPH֯ᴫ ᾘ ᵅ ═Ϡ ᾼ₣᾿ ќ═ȲGTS

⁄ ѽױ Ὑ ᾼϱс ạȴ 

 

֥ϱ 24ï34ᾼ ᾼиέ֪כ​ ὨҠѿ ȲEPH֯ה ᴫ Ẓ

​ ◕ᶁ∂Ӵṳ ═ϠϚ Мѐ⇔ Ȳᵧ ᾼ֮ Ҡ Ѭ ế ⁮Җ ֥

ȴ ṷ Ԉ҅ῶϠ ᾼѬḦẁ ế Єᾼᵅ ֥Ȳṿ ☼Ṇ ֯00ï03UTCế

03ï06UTCᶁ ẞ ế ȴ֝ Ȳֽ ἬӱȲEPH֯ ҏ ᾼ

֣ϱ Ȳ ϚḔ ẁϠ҉иᾼ ϩѿќ═ ☼═ ȴד ᴖṕȲGTSהѬḦ

Ɫ ȳᵅ Ѭӂ ֥ ᵅѹ ѽ ᾼὋсᵂӣȲӑ ᶮכ EPH ה ᴿᾼ

☼ ϩ ȴ֪ױȲEPH ғכ 6ѣ7ѡ00ï03UTC 03ï06UTC ᴫ

ᾼẒ ᶝ֮ ​Ȳᴖ GTS ֯ ѽṜ ѬḦ ϩќ═ᾼ Ԉϯ ᾎԛ Ẓ ​

ṶԈȴ 
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ҳȳ Ṇ ֝о  

֯ щ МȲӦὑ Ϛ ה ὨὔắẞῴỞ Ԉế вה ứᾼ

Л ứἤ Ȳ֪ױ ҏṆ ѠᾎȴṆ ṿӣЛ֝ᾼῴỞ ԈἨ ᾬה

Ȳ Ӣֵ Ӵᵀϭד ᾼ Ȳ ױ Ὠᾼиᵉ ᶮếЛ ứἤȲ

ᴖ ậḆ ứѹҠ ᾼ ȴӐ◕ TAHOPE IOP3​ ᴩṆ

ȲиᵑҔᵶ֝о GNSS ROGTS ᾼṆ ɎEPHɏế ֝о GTS

ᾼ ạ Ṇ ɎGTSɏȲḕ ᵑ֢ᴞҔᵶ32Ṇ כ Ȳḕ כ Ꞌ Ϛщ

֝оԛ ᴩ ȴ ᴩױ ứᾼ ╥ ὙіϤGNSS ROᾼ Ḃ Ὠṳ

‍ Ἠ Ϛכ ᾼ ὨȲᴖ╥ ѹ֯׀ ứᾼḂ Ȳṳѹ Ṇ Ṕ⇔

GNSS RO֝ оᾼ ȴ 

 

Ṇ כ ᴯ ᾼ ὨҠѿ ( 35)Ȳᵶ GNSS RO֝оᾼ EPH

Ɏ ᴥ ɏ ᴯ ᾼ Ὠ ⱢϚ ȲẔ 32 Ṇ כ ҏᾼ ṛֵ֣

ҙ ֯ Ὼ иέɎ ɏᾼ ȲᴖЛᵶ ╦ ֝оᾼGTSɎּמᴥ ɏἬ

ᾼ ᴯ ⁄иᵉ Ȳӂᶁᴯ Ɏּמᴥ ɏ ERA5ᴕᴯ ᾼ Єȴ

Ὑ EPH ֯ ​ ᴯ Ѡ ẓצὙ ȲẔṆ ὨᾼϚ ἤế ứ

ἤ ὑGTSȲϷῶὙ֝оGNSS RO ∟ Ὠ ϱḆҒҠ ȲЛ ֪ю

כ ᾼ ᾌ ᴖ Ӣ ȴ 

 

֯ ​иᵉѠ ȲṆ ӂᶁᾼиέ╓ҏȲEPHӂᶁ ᾼ ​ ⇔Ḇ Ὼ

ᾓȲ ᵑ╥֯ Җ цᴫ Ѝ ᾼ ​ яⱢὙ ( 36a)ȴױ

ҵȲEPH ​ ᾼṆ GTSᵅ( 36d,e)ȲῶὙẔ ᾼῈ иᵉế

​ ֯Ṇ כ ᾼ Њȴứ ╓ Ϸќ═ Ϛ ȲѿῈ ד …

ɎSCCɏȳᶁѠ ɎRMSEɏ ד ᶁѠ ɎRRMSEɏẃכȲEPHᾼ Ὑ

ὑGTS(ῶ4)ȲẂֽEPHᾼSCCὙ ȲᴖRMSEếRRMSE⁄Ὑ Ȳɑ

҉и ӱҏGNSS ROᾼ֝о сϠ ה ​Ὲ иᵉц ᾼ ϩȴ

ϚḔ ETSế CSI ​ ᶾҾ╓ ᾼѩ ϷҠ ẞ( 37)ȲEPH֢֯​

ϯᾼ ᶾҾꞋ ὑ GTS Ȳ ╥ ​ Ӣ ᾼӔ ╥ Ȳ

EPHꞋẓצὙ ȴ Ϛ ἤᾼ Ḃ Ґ ϠGNSS RO֝оᾼ Ȳᵛ

Ḃ ῴỞ ᴖ‍ ᵑ ᾼѠהȲ сϠ Ṇ ᾼ ἤế ứἤȴ 

 

֥ѿϱиέȲӐׁשṅ 32Ṇ כ ᾼṆ ѠהȲὙ ϠGNSS RO

֝о ​ Ѭ ᾼӔ ȴEPHᾼṆ в Ϛ ἤ ȳ ứἤṾѹ

ᶾҾὙ ὑ ֝оᾼGTSȲ Ϛ ὨЛ ὙϠGNSS ROᾼ

֝о ȲϷⱢӑẃ֯ щ ṶԈᾼ ה ӣϱ ẁϠ ᴕ Ṽ ȴ 
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Хȳ ᾬ о ⇔  

֝ד֯ WRF ứ ֝о☼ ϯȲӐ ѩ 5 Л֝ ᾬ оѠ 6

ѣ7ѡ 00ᴟ12UTC Ѭ ᾼ ȴֽ 38ἬӱȲЛ֝Ѡ ֯ ᾼ ​Ὲ

иᵉϱ֯׀Ὑ ȲWSM6Ѡ Ɏ 38dɏϯᾼ ​ ế ⇔ QPESUMSɎ

38fɏ Ɫ ῺȷGoddard 4-iceѠ Ɏ 38aɏװПȲϷ ֯ ᴫҖᾘỴᶮכ Ѭ

ȷᴖЛᵶԜ ᾼKesslerѠ Ɏ 38bɏ ​ᾼ ⇔Ὑ ᵅȷThompson

Ѡ Ɏ 38cɏᾼ ὨЮὑϡ῏П ȷWDM6Ɏ 38eɏ ​ юȲ Ẕ҃Ѡ

Єȴ ֥Ὲ иᵉẃכȲWSM6 ​ ȲẔװⱢGoddard 4-iceȲẔһ

Ѡ Ὑ ЛṜȴ и Ѡ Ȳῶ5 ϚḔ оϠ֢Ѡ Ὠᾼ ȴWSM6Ѡ

֯ ếד ἤ╓ ϱῶ ṾȸẔRMSEᵅɎ25.5 mmɏȳRRMSEЊɎ9.90%ɏȳ

SCC Ɏ0.452ɏȲᶁ ὑẔ҃Ѡ ȷẔװⱢGoddard 4-iceѠ ȲRMSEⱢ25.7 mmȳ

RRMSEⱢ9.98%ȳSCCⱢ0.415ȴדѩПϯȲKesslerếThompsonѠ ᾼ RMSEּפⱢ

27 mmѿϱȲSCCиᵑⱢ0.305ế0.357ȷᴖWDM6Ѡ ῶ ȲRMSE ȳSCC

ᵅɎּ0.252פɏȴ 39ᾼETS/CSIפ Ϸч╣Ϡ֝ד ȸWSM6Ѡ Ɏ ᴥ ɏ֯

֢ ϯ иᶁ ȲGoddard 4-iceɎ ɏװПȲẔһѠ иᶁ ∟ȴӦױҠṓȲ

WSM6Ѡ ᾼṆ ᵭ֥⇔ ȲGoddard 4-iceװПȲẔ Ѡ ד⁄ ЛṜȴ 

ϱכ ἤ ᾼҠ ᾬ ạҔ╗ȸ 

V WSM6 ги Ѡ ȸҔᵶ​Ѭȳ Ѭȳ Ԝȳ ȳ ȳ ֵ ѬדȲ

כ ᾼᴞ ế Ẇ ֥ ᾼ о ᶙ Ȳṿ ᾼѬḦ ṣ

Ɫ֮ Ѭȴ֯Ӑ ẂМȲWSM6צ Ϡ ᾼ ☼ Ȳᶶ Ӣ

כ Ѭ ȲẔӂᶁ ​ Ὼ  

V Goddard 4-iceѠ ȸ֝Ɫ Ѡ ȲẓצԜ ȳ ȳ ȳ ҳ Ԝ ᵑȲ

Ϸ ѻ Ԝד ȴẔ ​ ᵅὑWSM6ȲҠ ╥ӦὑԜ Ӣכ  ȳ

ḛ ⇔ ᾬ Ȳṿ Ѭ ⇔ ᵅȲᵀЬ ὑ ѽԜדᾼѠ

ȴGoddardѠ ⱢӐ Ẃ ẁϠ҉иᾼԜדḛ Ȳ֪ױ ὨᴯỰ

ϡȴ 

V ThompsonѠ ȸᵶϮ Ԝ ᵑɎԜ ȳ ȳ ɏȲṳ ế

Ɫ Ȳ ☼М ​Ӣכᾼ ЮὑWSM6 KesslerП Ȳ֪ᴖ

ὨӼ ὑМ Ѭӂȴ 

V Kessler ​Ѡ ȸ ​Ѭ ȲЛᵶ Ԝ о Ȳ֪֯ױ ☼

​ṶԈМ ᵅᴷ Ѭ ȴӔ֪ юԜדḛ ȲKesslerѠ ᾼ ​ юȲ

ד … ᵅȲῶ ȴ 

V WDM6 ги Ѡ ȸ Ҡ֝Ḕ ​ ế ᾼ ⇔Ɏ ϱḆ ɏȲ

ᵀ֯Ӑ ẂМҠ Є Ѭи ֯Њ Мᴖӑצ ᶮכЄ ɎἨиᵉ

ὑи ɏȲṿ֮ Ѭ ᵅȴױҵȲẔ ᾬ Ҡ ☼ Лᶙԓ
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п Ȳчᴖӑ с ​ ὨȲ֪ױ Єȳ и ᵅȴ 

 

ṷиέ ὙȲWSM6Ѡ Ἤ оᾼԜ ​  כ ₤ױ֥ ѬṶԈȲ

֯ױ֪ и ϱ Ὑ ȷGoddard 4-iceѠ ’ṾȲᵀЬװ Ϡ Ԝד ȷᴖ

ѽԜדἨ ⇔ ᾼѠ ֯Ӑװ ​ ​ М⁄ῶ ȴ 

 

гȳ  

Ӑׁשṅ֯ס ֝оGNSS RO ​ ​ ᾼ Ȳѿ20226ד

ѣ 6ѡᴟ 7ѡ ӢП TAHOPE IOP3​ ​ ᵂⱢׁשṅ ȴׁשṅ ӣϠ

WRFDA֥₤Ṇ Ϯ иᾎɎ3DEnVarɏ ‍ᶝ֮ ᴯד І ᴩGNSS RO

֝о Ȳṳ ֝о ԓ ‒Ṇ ɎGTSɏ П ᴩѩ Ȳѿ

ҵіϤGNSS RO ​ ​ ᾼ כ ȴṳѹ Ṇ

ế ᾬ ⇔ Ȳ Ϥ ֝оế ᾬה о Ὠ Л ứἤᾼ

ȴ 

 

Ὠ ӱȲ֝оGNSS RO Ḃ ᾼῴỞиέה ȴד ὑ ֝о

ᾼ ᾓȲEPHᾼиέ ѬḦ ⇔иᵉḆҒ ῺERA5ԛиέ ȴяẔ֯

⁮ ᾼ ϱȲᵅ ѬḦᵶ Ὑ Ғȳ Ẓ ѬḦ ⇔ ѩḆ ὙȲ֝

 Ὼᾼ ⇔ ẞ Ȳṿ ᴯ цẔ ϩ Ḇ Ὼ ȴ ṷḂ צ

Ϡ Ể ế Ὲ ᾼ Ὲ ȲṿῴỞ ᴯ ế ᾼẘ Ḇ

ȴױҵȲ֯0ï48Њ ᾼ ◕вȲEPH ֢ Ɏ ⇔ȳѬḦȳ ɏ

ᾼ ϩ ὑ GTSȴẂֽȲ֯ᵅ Є ᾼѬḦ ⇔ ϱȲEPHᾼᶁѠ

ɎRMSEɏὙ ЊὑGTSȲῈ ד … ɎSCCɏ⁄Ḇ Ȳ ӱҏGNSS RO֝

о Ḃ яⱢ ȴẔМ 850 hPaѬḦ ֥ѩ 0ï24Њ ᾼ ֯֝о

GNSS RO∟Ὑ ᵅȲᴖ925 hPa850 hPaᾼ ⇔ ȲEPH֢֯ ◕ᶁ

֝о GTSᾼ ᶮȴ Ѡ ȲӦὑ ╦ ӔϠ  Ὼᾼ ϩ ȲEPH

925 hPa֣ ᾼ ⇔Ϸ Ṿȴ ϱἬ ȲGNSS ROᾼіϤḂ Ϡ ​

иέ ᾼѬḦȳ ⇔ц ȲⱢ∟ Ѭ ӉϯḆҠ ᾼῴỞ Ԉȴ 

 

EPH ​ᾼ ֯ᴯ ế ⇔ϱ ḆⱢ Ὼ ᾓȲ ᶾҾ ὑ ֝

оGTS̓͂ȴѿ6ѣ7ѡ ᴫҖ ᾼ ​ⱢẂȲEPHכғ ẞ ​ ế

ѬМїᾼᴯ ⇔Ȳᴖ GTS ⁄ҏ ​ᴯ ế ⇔ᵅᴷ ȴ֯ ​

ᾼ ϯɎᵛ ​ṶԈɏȲEPHᾼ ╓ғכꜜ CSI № иETS

ᶁὙ ὑGTSȲῶӱ֝оGNSS RO∟ ​ᾼỄМ сȳ ϯ ȴ Ὲ

ᶾҾи FSSᾼ сϷ ὙȲEPH Ḇ ֮ ѬᾼῈ иᵉȴṿӣⅎ
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иέѠᾎ Ẓ ᴯ ᾼ ⁄ ȲEPH֢֯ ẘ Ḇ ֮ԛ Ϡ

ᴯ ṛ֣Ȳ ᾼ ⇔ ⇔ › ∟ ϷḆ ֥щ иέȴяẔ֯ ῴ

Ở ẘȲEPH ᾼ ϩ ⇔ Ὑ Ȳ ứᴯ МҶ ֮ щ ᾼ

⇔Ϛ ȴ ṷ Ὠ Ȳ֝оGNSS ROצ ה ​ᾼᴯ ⇔

ᾼ ἤȲ֝ сϠ ếᴯ ᾼ ϩȴ 

 

ױ֯ МȲᶺ ᾼEPH ᾼGTSצḆᵅᾼ Ḇ ᾼד

ἤȷṆ Ὠ ϚḔ Ϡ Ḃ ṳ‍ Ϛכ ᾼ Ȳᴖ╥ԓ ᾼϚ

ḔȴGNSS ROᾼіϤ ᵅϠῴỞ Л ứἤȲṿ32Ṇ כ ế ​ᾼ

ὑ МȲ Ϡ ה ᾼ ἤȴ֝ Ȳ ᾬ ⇔ ⁄ ᶺ Ȳ ᾼה

ᾬ о ╥ Л ứἤᾼҫϚẃ ȸ֯ ​ МȲ ᾼ ᾬ Ѡ Ɏֽ

WSM6ɏ Ḇ҉и֮ ὍЄ ѬḦȳԛ ​ ȲᴖЛ⌂ ᾼѠ Ҡ ҷ

ȴ 

 

֥ӐׁשṅП ὨȲ֝о ϝ GNSS ROṳṿӣ3DEnVarц‍ᶝ֮᷉

ІȲ сϠ иέה Ѭ ᾼ ἤȲצ Ϡ Ể

Ὲ ᾼ Ὲ ȴ ᴖṕȲ GNSS ROП֝оȲЛ צ ӔϠῴỞ

МᾼѬḦȳ ⇔ц ȲϷ сϠ ה ​ Ѭᾼ ᶾҾȲяẔ╥֯

ᴟМ ◕вȲ ҏὙ ᾼ ȴ ӑẃׁשṅⱢḆ ϚḔ ​ ​

ᾼ ἤ Ҡ ἤȲ∂ Ҡ іϤḆֵ оᾼ ╦ Ȳֽ ᾌ ȳѻ

ה цּמҵ ȲѿḆԓ ֮ Є ᾼϮ ⇔ ϩ ȴױҵȲӼ

Ҡ Ӑ Ȳ Ḇֵ ​ ἨẔ҃ щ ᴩṆ ἤᾼ ֝о

Ȳѿ ӐׁשṅПѠᾎ╥ᵡẓ ᾼ Ḃ ȴ֝ ȲϷҠᴕ ӣ4DEnVarȳ

֥₤4DVar-EnKFἨẔ҃ ᾼ ֝оᶾ Ȳ ϚḔ Є ᾭ ᾼ о

ה ᾼ Ὲ ἤȲѿ ẁḆⱢ ѹ ᾼ ὨȲ ḳ ᾼ

Ṯ ϩȴ 
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ȳѵ Ɏ2002ɏȴ ​ủ ☼ ѬП Ὲиᵉ ȴЄ דּ

Ȳ30(1)Ȳ83ï96ȴ 

⁞ ὺɎ2011ɏȴGPS ╦ Ẕ҃ ֝о ֮ ế ​ П

ȴЄ דּ Ȳ39(1)Ȳ25ï52ȴ 

Ҿ ȳᴂ∂ ȳ ȳ ѷ Ɏ2019ɏȴ ֮ Ṇ ⅎ ѠᾎПѩ

ȴЄ דּ Ȳ47(1)Ȳ1ï29ȴ 

Ὥ Ɏ2023ɏȴ ​ ị֮ḳ ПԒԑ ṅȴשׁ иέȲ255Ȳ1ï

16ȴ 

ӻ МҶ Ɏ2023ɏȴ2022ד ​ủὧṸ ủủ иέȴ 

ӻ МҶ Ɏ2022ɏȴМҶ ᶝ ד110 ד ȴ Җȸӻ МҶ
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 ῶ    

 

(a) ד 2001-2016  1  ​ṶԈד щ ṶԈᴍиѩ ȴ(b) о ​

(mm/station) ד щ ṶԈ ȴ(c) ד​ Пщ ṶԈᴍиѩ ȴ

ṶԈ(FT)Ȳ ṶԈ(TY)ȲẔ҃ṶԈ(OT)ȴ ( ϢȲ2019) 
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ד2006-2021  2  ị֮ḳ ṶԈ ֪ᾼ иέᴍиѩ ȴ(

иέȲ 255)  

 

 

3  (a) 850hPa 20226דѣ5ѡᴟ9ѡХѡӂᶁ ếӂᶁ ​ ( ậᴞ

МҶ )Ȳ(b) 20226דѣ5ѡᴟ9ѡХѡ ​ ( ậᴞ МҶ )  
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4 ֮ щ ȴ ᶧӦҿᴟҢȳϱᴟϯⱢ(a)20226דѣ5ѡȳ 

(b)6ѣ6ѡȳ(c)6ѣ7ѡȳ(d)6ѣ8ѡȳ(e)6ѣ9ѡȳ(f)6ѣ10ѡ00UTCȴ 

 



 

34 

 

 

5  IOP3 ֫ᾌ Ȳ ᶧⱢ20226דѣ7ѡ(a) 00UTCȳ(b) 

03UTCȳ(c) 06UTCȳ(d) 09UTCȳ(e) 12UTCц(f) 20226דѣ7ѡ12UTCᾼ12Њ

​ ȴ 
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6  GNSS-RO ӱ Ȳᴊ Ɫ ᴶ᾿ Ȳּמ Ɫ Є ᷉∟

╦ ȴ( ѱц и ẃᴞ иέМїTACC) 

 

 

7  24Њ ֝оἬṿӣẞᾼGNSS RO ế Ȳּמᴥϫֿ

ⱢGNSS ROᴯ ȲԚ1019צRO ҒϤ֝оȴ ᴥ ⱢЄѐ⇔

Ȳ ᴥ Ɫ ​ ȴ 
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8  WRFẒ ᾭ Ȳҵ Ѭӂ έ⇔Ɫ15еṭȲв

Ɫ3еṭȴ 

 

ῶ1  ȴ 

 

 

 

 

֤  ҒϤ֝оᾼ ᵑ 

GTS ֝оМҶ ᶝGTS ȲẔМҔ╗ ֮ ȴ 

EPH ֝оМҶ ᶝGTS  & GNSS RO 

noDA ḥצ ᴩ֝о 
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9  (a)֥ WRFDA ֝оṆ ☼ ( ᴕChen et al. (2021))ȴ (b)

ȴḕװ ӣ1щ ֝оȲ Ɫ6Њ Ȳ ∟ ᴩ5щᾼ ȴ 
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ῶ2 Ӑׁשṅ Мצṿӣ иȴ 

╓  Мѝ֤   ҉ Ὑ 

Root Mean Square 

Error (RMSE) 

Ѡᶁ  ч╣ П

ᾼ ЄЊȲ

Њῶӱ ȴ 

֥ Ɏֽ

⇔ȳ ⇔ȳ ȳ

​ ɏ 

Relative Root Mean 

Square Error 

(RRMSE) 

ד Ѡᶁ

 

ѿ RMSE ѿ ӂᶁ

Ἠ Ȳч╣ ד

ὑ ᾼЄЊȲ―

ὑЛ֝ Ἠ ѩ

ȴ 

ד RMSEḆ᾿

ѩ ȲѠ―

ᵒ ȴ 

Spatial Correlation 

Coefficient (SCC) 

Ὲ ד …  ֯

Ὲ иӁϱᾼדᴿ

⇔Ȳ -1ᴟ1Ȳ Ὼ

1̔ ῶ₤ Ϛ ȴ 

ӣὑ ​ȳ

⇔ Ὲ иӁᾼ

ה ᴷȴ 

Critical Success 

Index (CSI) 

╓ғכꜜ  ᴷϡиᾎɎֽ Ѭ╥

ᵡ   ɏ ᾼ

ἤȲᴕ ỄМȳ

ȳ ɎЛᴕ Ӕ

ṶԈɏȴ 

и ἤ иȲ

ᵑ ֥ ѬἨ

  ᾼṶԈ

ȴ  

Equitable Threat 

Score (ETS) 

еӔ ԑ и ѬἨẔ҃ ἤ

ṶԈᾼ ỄМ Ȳ

ӔϠ ỄМᾼ Ȳ

҅ῶ ᶾҾ

ֻȴ 

ᴕצ ẞ Ṷ

ԈȲ ֥ЛᶁлṶ

Ԉֽ ѬṶԈȴ 

Fractions Skill Score 

(FSS) 

ᶾҾи  ѩ ֯Л֝

ЄЊвϡиᾎᾼ

Ȳ ֥ Ὲ иӁ

₤ Ѭ и Ȳ

ếῈ Л

ᾼ ȴ ЄЊҠ

Ȳ ᴷ Ὲ ᴯ

 

Ѭȳ Ѭ

ȳ ☼Ṇ

Ὲ Л ἤ Ѭ

ṶԈȴ 
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10 ​ Ṇ ⅎ ứᴯѠᾎ ȴ Ẃӣ20256דѣ6ѡ18UTC ERA5

ȴ(a ) 975hPaᴯ ȴ(b) 975hPaᴯ Ѭӂ ⇔ ȴ(c)Ҭ ӣ֮ᶮ ⇔150

еѐѿϯᾼ b ȴ(d ) 6ѣ6ѡ18UTC ϚЊ ​ ȴ(e)Ғϱ ​ ᾼ ᴯ

⇔ ȲẔМ ᴥ ⱢӦERA5 ᵒ ҏẃᾼ ᴯ ȴ(f)МҶ 6ѣד2025

6ѡ18UTC֮ щ ȴ 

 



 

40 

 

 

11 ֯ 6ѣ4ѡ18UTC ῴ֝װоᾼиέ ֯(a,b) 700 hPa, (c,d) 850 hPa, (e,f) 925 

hPaᾼ(a,c,e)Ѭ ֥ѩế(b,d,f) ⇔ᾼEPH-GTS иᵉȴ ᴥϫֿ ⱢҒϤ֝оᾼ

GNSS ROᴯ Ȳ ᴥ Ɫ ᴯ ȲӦERA5 ӣ›ѝ цᾼứ Ѡᾎứ

ҏȴ 
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12 ֯ 6ѣ5ѡ 1800UTC 24Њ ֝о∟ᾼ иέ ֯(a,b) 850, (c,d) 

925 hPaᾼѬ ֥ѩ(a,c)ế ⇔(b,c)ᾼEPH-GTS Ȳ ᴥ Ɫ ᾼ ᴯ ȴ 
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13 ֯ ӂᶁ24Њ ֝оᾼиέ ֯(a,b) 850hPa, (c,d) 925hPaᾼ(a,c)Ѭ ֥ѩ

ế(b,d) ⇔ᾼEPH-GTS Ȳ ᴥ Ɫ6ѣ5ѡ1800UTCᾼ ᴯ ȴ 
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6ѣ5ѡ 18UTC 24Њד2022  14 ֝о∟ᾼ иέ ֯(a,b) 850hPa, 

(c,d) 925 hPaᾼ(a,c)Ѭ ֥ѩế(b,d) ⇔ᾼ | EPH-ERA5 |-| GTS-ERA5 | Ȳ

ᴥ Ɫ ᾼ ᴯ ȴ 
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ה 15 00-48Њ ḕϮЊ (a,c,e)RMSEиế(b,d,f)SCCиѿERA5ԛ

иέ ᵂ Ȳ Ɫ 7ᾼ в(15ï30ęN, 110ï127ęE)ȴ ϱᴟϯⱢ֯(a,b) 925 

hPa⇔ȳ(c,d) 850 hPa⇔Ɏ ᴯⱢKɏế(e,f) 850 hPaѬḦ ֥ѩɎ ᴯⱢg/kgɏȴ

ᴥ ⱢEPHȲּמᴥ ⱢGTSȲ ᴥ ⱢnoDAȴ 
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ה 16 00-48Њ ḕϮЊ (a,c) RMSEиế(b,d)SCCиѿERA5ԛи

έ ᵂ ȴ ϱᴟϯⱢ(a,b)925 hPa֣ (u )ȳ(c,d)925 hPa֣ (v)Ɏ ᴯⱢ

m/sɏȴ ᴥ ⱢEPHȲּמᴥ ⱢGTSȲ ᴥ ⱢnoDAȴ 
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17  EPH GTS֯ 15-30ïN ế 110-127ïE в ERA5 ᾼ12Њ ӂ

ᶁ ₣᾿RMSE (EPH-GTS)Ȳ (a) 00-12Њ ȳ(b) 12-24Њ ȳ(c) 24-36

Њ ế(d) 36-48Њ ӂᶁȴẔМѬḦɎ ᴥɏȳ ⇔Ɏּמᴥɏȳ ֣ Ɏ ᴥɏế ֣

Ɏ ᴥɏȴ0 ҿ Ɫ ȲҢ ⱢӔ Ȳ ҅ῶEPH RMSEḆЊḆ Ὼ

ERA5Ɏ ЊɏȷчПӔ ῶӱEPH GTSḆЄȴ 

  










































