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      25 

Abstract For alleviating the problem caused by the fixed boundary condition in GRAPES-RAFS 26 

system and improving the forecast qualities of regional model, a blending method to merge large 27 

scale information of global model with meso-scale information of regional analysis from the 28 

GRAPES-RAFS system is implemented using Discrete Cosine Transform (DCT) filter. Beginning 29 

from 10 May to 9 June 2018, the forecast qualities between the control experiments of the cold 30 

starting and warm-up initilizations and the blending scale analysis experiments with 31 

GRAPES-RAFS are compared. The numerical results indicate that the large scale information and 32 

variablesô harmony of analyses increase, and that the spin up time is decreased with the global 33 

information every 3 hours analysis in GRAPES-RAFS merged. The forecast qualities of surface 34 

variables, analysis and precipitation with warm start are obviously improved. In addition, the 35 

simulated tracks of typhoon Ewiniar are much close to observations by using the blending analysis. 36 

The warm-up initial physical fields which leads to far smaller surface pressure tendency are more 37 

harmonic than those of cold starting initializations. However, it is observed that the warm-up 38 

forecast qualities of 2m temperature, 10m wind is not better than the cold starting ones and that 39 

the warm-up precipitation scores of ETS are lower than cold starting forecast ones as well.  40 

Key words Global large scale information, GRAPES-RAFS, Regional 3DVar, Blending scale 41 

analysis 42 
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[ ӈ]ῃ ֟ Ҍ ҉ ᴨל ѿ̆ ῃ Ҍ44 

̆ ̆ № ⱴ‰ ̕ №45 

̆ № ̆ Ҭ46 

ⱬ ̆ Ҭ № ≠ ῃ ֟ Ḥ47 

ץ ҉ Ḥ Ḃ ӊѿ [╠ֲ ]ῃ Ḥ48 

῀ ң :(1) ῃ Ḥ ῀҈ № ₱Ҭ49 

№ ( Guidard and Fischer ̆2008̕ Dahlgren and Gustafsson 2012 )̆(2)50 

ῃ Ḥ Ҭ Ḥ № ( Yanğ 2005̕51 

Hsiao et al ̆2015̕ ̆2018) ≠ ῃ Ḥ Ҍֽ52 

№ Ҭ ῃ̆ №Ӟ № ҍ ̆53 

Ӟ ( Wang et al̆2014̕ Zhang et al ̆2015)54 

 55 

[ ℗῀ ]  ῃ Ḥ № Ҭ ѿ , №56 

Ҭ̆ Ḥ ҉ Ḥ ῀ № Ҍ57 
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Ȃ , ԋ58 

(RUC:Rapid Update Cycle) ,RUC ᾟ№≠59 

∆ , ҳ ҉ ᵬ 1994 ҙⱵ ԍ҈ №60 

3h 60km№ (RUC),2002 № ⌠ 20km, 1h61 

( Benjamin ,2004), 2005 RUC № ⌠ 13kmȂ2012 ԅ ԍ №62 

(RAP:Rapid Refresh),2014 ԅ № 3km63 

(HRRR:High Resolution Rapid Refresh)(  Benjamin ,2016) 2000 Ӟ64 

№ , 2007 ֤ ԍWRF ҈ №65 

֤ BJ_RUC ῀‰ҙⱵ ( שּׂ ,2009);66 

ԍ GRAPEŜglobal/regional assimilation and prediction system ̃ ҈ №(67 

,2004;Xue et al,2008 ) ( Chen et al ,2008;Zhang and Shen,2008)68 

ԅ GRAPES_CHAF ( ,2010) Ҭ Ҭ69 

ԍGRAPES_CHAF , ҈ №№ ( ,2009) GRAPES V3.070 

ῃ 15km№ 31 3h GRAPES RAFŜRapid Analysis and Forecast System )71 

ԍ 2010 ‰ҙⱵ ( ,2013), 2014 ҙⱵGRAPES- RAFS № ⌠72 

10km, № 50 ,GRAPES ҹ V4.0̆73 

̂ Ҽ ̆2017̃ GRAPES- Meso4.0 ҉̆ Ҭ қ 3km №74 

ԍ 2015 ̆ ̂2017 ̃ ҩ75 

ԅ ᵀ̆ᵖ ╠ ӎ 3km№ GRAPES- RAFS ᵀ ᵬȂ 76 

  [ ‗ ῏ ] GRAPES- RAFS ΐ ѿ ҳ ⱬ,ᵖ ԍ77 

Ҭ ᵬ , ҳ ׅ ҳҤ ⌠ῃ78 

Ḥ ⌠ GRAPES- MESO № ( ,2018),79 

GRAPES- RAFSҬ ῀ῃ Ḥ ᶷ Ҍ≠ ̆ №80 

ȁ GRAPES- RAFS №81 

 82 

2 ῀ Ḥ GRAPES- RAFS  83 

2.1 GRAPES- RAFS  84 

GRAPES- RAFS GRAPES҈ № ҉ №85 

̂ ̆2013̃̆ Һ : ҍ ῃ86 

╠ ȁ҈ №№ ( 3DVar) Ԑ№ ‰∆ ( SI) Ҭ87 
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ṿ ҍ Һ ̆ Ḥ88 

̂Yõ ᶫ 3DVar ̆ ӞҹԐ№ ᶫԐ ȁ֦ Ԑ89 

῏ Ḥ Ȃῃ ╠ ῃ № ֟ ҹ ̆90 

‰∆ ῃ ֟ 3DVar№ ̂Xb̃91 

ᶷ ̂grapesbdỹ ץ̆ ҹ № ᶫ № (Xb/Xa)92 

Ḥ ҈ № Ԑ№ ̆№≢ №93 

№ ( Xa)̆ № ᵬҹ∆ ̂grapesinput̃ ꜚ ╠94 

№̆ ᵬҹҊѿ № (Xb)̆׆ ᶏ№ ꜚȂ Ҭ95 

ῃ ᵬҹ № ҹ‛ ̆ ᵬҹ96 

№ ҹ ̆GRAEPS RAFS 1Ȃ 97 
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1 GRAPES-RAFS  100 

Fig.1 The flow diagram for GRAPES-RAFS 101 
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2. 2 Ҏ ⅎⅎ  102 

   GRAPES- RAFS ῃ ѿᵣ ҈ №№ ̂GRAPES- 3DVar̃ ᴨ №103 

̂ ̆2009̕ ̆2008̕ ,2012̃̆GRAPES- 3DVarҍ104 

Ҭ ѿ ȁ № Ȃ ҹ uȁv ȁ105 

ȁᵝ Ȃ └ ҹ ₱ ȁ ₱ל ȁ Ȃ106 

ҹ NMC ̆ ῏ ᶭ ԍ ῏ ̂ ̆107 

2012̃̆ ҹ ԋ ̆ ῏ ῏ Ȃ108 

῏῏ ₱ ̆ ῏ ҹ ̆ ҹ 200km̆ ῒז └ ҹ109 

500kmȂ 110 

2. 3 Ҳ ẅ  111 

    GRAPES Ҭ ṿ ̆ № ̆ῃ112 

ⱬ ꜚⱬ ̆ 3km№ Ҋ̆113 

Ԑ ̆ RRTM Dudhia ̆ WSM6,114 

NOAH̆ Monin- Obukhov ̆ MRF Ȃ  115 

2.4 ⅎ  116 

GRAPES ҈ № GTSD ץ̆ VAD GPS PW117 

̆ ⌠ № Ҭᶏ ̆ ῃ № Ҭ ԅ ̆118 

≢ ̆ ᶏ Ҍ ῃ № ᴨלȂ №119 

Ҭ Ḥ ̆ Ҭ ӊ ῏ ⱴ ̆120 

῏῏ ̕ ῃ № № ̆ ӊ ῏121 

҉̆ ῃ № ᶷ № Ȃ № Ҭ̆122 

ᴆ № ̕ ῀ῃ Ḥ Ҍֽ №123 

Ḥ ̆ ғ Ḥ ̆ ≢ ҉ Ḥ ᴰ Ӟ124 

№ Ҭ Ҍ Ȃ 125 

ҹԅ ῃ ֟ Ҭ Ҍ Ḥ ̆ ԅԋ ᵩ126 

( 2D- DCT: Discrete Cosine Transform ) ԋ № ( Denis et 127 

al. ̆ 2002̕ ̆2008)Ȃ (2018) ῃ №128 

№ ҍ № Ҭ № № ̆ №129 
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ҹ:  130 

   131 

           =          (1)  132 

ῒҬ ҹ ̆ Ӟ ῃ 6h ̕ ҹῃ133 

№ ̕ ҹ № ̆  ̕ ҹ 2D- DCT134 

№ ̕ № ῃ № № № Ҭ135 

№ ԍ Filter ̆̂ 1̃ Ώҹ̔ 136 

( ) Filter( ) Filter( ) Filter

Filter( ) Filter( ) Filter( Filter(

Filter( ) Filter(

Filter(

) )

)

)

= + + -

+

=

=

- -

= + - -

+ -

+ -

blnd xb dxa global xb xa xb

xa global xb xa xb

xa global xa

xa global xa

G G G T G G G

G T G G G

G T G

G T G

        (2)  137 

 GRAPES- RAFSҬ̆ ҈ №№ ⱴ῀ № ̆ 1 Ȃ ԍ138 

ҩ№ ┴ Ҍ ῃ № ̆ ῃ ף  139 

3 GRAPES- RAFS  140 

Ҭ GRAPES № ԅң № Ȃ141 

ҹ 2018 5 9 - 2018 6 9 №̆≢ 00 12UTC(ҕ ) 3h №142 

̆ ⌠ 12/00UTC Ȃ 00/12UTC ҹ‛ ̆143 

ҹ 36h̆ 3h№ ҹ 24h ҹ қ 1̆02зE- 135зĔ 17144 

зN- 50зN̆ № ҹ 3km̆ ҹ 51 ̆ 33km └ ( CTRL) ҍҙⱵ145 

10km№ ѿ ̆ ⌠ ҹ Ҭ∆ ̆146 

‛ NCEPῃ 6h ᵬҹ N̆CEP ֟ №147 

ҹ 50Ὲ ̆ № ׆ 1000hPa⌠ 10hPa῍ 26 ( BLND) └148 

҉̆ Ҭ№≢ NCEP № ( 00 06 12 18UTC) ῒ 3h ( 03 09 15 21UTC)149 

Ḥ ῀̆ № ҹ 600kmȂ Ҭ ȁuȁv150 

ᵝ № ̆ ץ № ҹҺ̕ ᵝ ꜚ151 

№ ҉ ȂRAFS 2 Ҭ 00UTC :152 

└ ‛ (ctrlcold) ( ctrlwarm) ̆ ‛ ( blndcold )153 

( blndwarm)  154 
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 155 

2 GRAPES №  156 

Fig.2 Schematic of 3h Rapid Assimilation and Forecast System configuration 157 

 with blending scale analyses  158 

3.1  159 

҈ № 1 ҹ̆ԅ ‛̆ №160 

ҹ 3h̆ ῒז№ ┴ ҹ 90min̆ ᵬҹ161 

№ ┴ ῀ ȂῒҬ ȁ ȁGPS VAD ҍ162 

№ ┴ ₃№ Ȃ 163 

1  RAFS Ҭ  164 

Table 1  Observation stations assimilated in RAFS  165 

  Ҍ  

 V,T,RH 107- 110̂ 00/12UTC̃ ̕5- 31̂ 06/18UTC̃  

 RH,PS 1600̂ 00/12UTC̃ ̕2500̂ ῒז ̃ 

 RH,PS 20- 50 

 V,T 1000- 1600̂ 00- 12UTC̃ ̕300- 600̂ 15- 21UTC̃  

Ԑ  V 300- 700 

GPS  PW 200- 500 

VAD V 10- 70 

 166 

   1ҹ ץ Ҍ ̆ ץ ₮167 

ȁ ̆ Һ 00ҍ 12UTC ̆06/18UTC ̆ῒ168ז 
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Ȃ ῒז ҉№ ̆ № ┴╠169 

45№ 20№ ┴ ᵬҹ№ ┴ ᶏ Ȃ170 

̆ҹԅ ᾧ ᶏ ̆00/12UTC ԇ╧ ̆171 

1600ҩ ̆ῒז 2500ҩ Ȃ ̆Ӟ172 

Ȃ ̆ № Ҍ ↕ Һ̆ ᶭ ԍ173 

̆ ғ ̂00- 12UTC̃ 1000⌠ 1600 ̆ ҉ ₃174 

ȂԐ ȁGPS VAD ҩ ҉ Ҍ ̆ῒҬ VAD175 

₃ ҩ ̆ῒז ₃ ҩ Ȃ ᴍ 00/12UTC176 

2҆ ᴍ̆ ╠ ԍ№ ̂1101¦1101¦50¦4 Ȃ̃ 177 

3. 2 ᶽ ᴌ 178 

ҙⱵ҉ RAFS Ҭ ᶷ ҹ 00/12UTC‛ № ┴ӊ╠ 6hῃ179 

̆ 00UTC ᶷ ҹ҉ѿ 18UTC ῃ Ȃҹԅᶏᶷ180 

№ ┴̆ Ҭ № ῃ ᵬҹᶷ ̆181 

00UTC 00- 06UTC ᶷ ҹ 00UTC ῃ 0- 6h 1̆2UTC ᶷ182 

ῃ ѿ ┴ Ȃ № ᶭ № ᶷ Ȃ 183 

3. 3  184 

RAFS Ҭҹԅ Ҍ № № Ҭ֟ Ẋ ⱬ185 

̆ ԅ ̂Lynch and Huang,2010̕ ↔ ̆2018̃Ȃ ҹ 2h̆186 

῏ ᴆҊ № 1h, ᴆҊ ╠187 

№ 2h̆ ∆ṿᵬҹ ∆ Ȃ 188 
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 189 

3  2018 5 10 12UTC ẁ  190 

Fig.3 Surface pressure tendency starting from 12UTC 10 May 2018 191 

   ẁ ץ ̆ Ẋ ⱬ192 

̂Lynch and Huang,1992̃Ȃ Ҭ ԅ  2018 5 10 12UTC193 

ẁ ̂ 3̃̆ ץ ₮̆ └ ‛ ̆ ∆ ┴194 

ẁ ̂0.55 hPa/10miñ̆ 3h ̆ ẁ Ҋ ̆ ԍ 0.21hPa/10minȂ195 

҉ץ └ ‛ ∆ Ҍ ̆ 3h ̆ Ẋ ѿ196 

֓ ̆p ῃ Ȃ № ̆ └ ∆ ┴ ẁ197 

(0.14hPa/10min) ԍ‛ (0.55hPa/10min)̆ 3 ̆ ẁ198 

ҹ 0.06hPa/10min̆ ∆ 3̆h Ẋ ̆199 

spin up ̆ ∆ ┴ ẁ200 

̂0.08hPa/10miñ Ӟ ԍῒ‛ (0.17hPa/10min)  201 

     └ ‛ ̆ԋ ̆ ⱴ῀ѿ202 

Ḥ ̆ ẁ Ӟ ⁞ ( ҹ 0.17hPa/10min)̕ ῃ203 

֟ № ̆ⱴ῀ № Ҭ ∆ ̆204 

ẁ ̆∆ ┴ 0.05hPa/10min̆ └ ẁ205 

ѿ ᵞ̆ ӊ Ḥ ⱴ῀№ ᶏ̆∆ ꜚⱬ206 

ӊ ̆ 1hῤ ῤ Ẋ ̆ ẁ ԍ Ȃ   207 



 

10 
 

3.4 ⅎ  208 

҉׆     ῀ῃ Ḥ № ⱴ ‛̆ ∆209 

ẁ └ ᵞȂ RAFS ҬҌ ҉ⱳ №210 

№ ᵬ Ȃ 211 

    4ҹ 2018 5 10 00UTC-12UTCѿҩ RAFS Ҭ Ҍ ҉ №212 

№ ⱳ ≢ ῒ̆Ҭ № ⱳ ҉ ⱴ̆ ⱳ213 

Ȃ׆ ᵝ ⱳ ץ ₮( 4a b)̆ 600km214҉ץ 

№ № ⱳ └ ̆ ⱴ̆ ⱳ ≢ҹ215 

ғ ̆ №Ḥ ⱴ ̆ 600-250km ҉216 

ⱳ Ӟ └ ⱴ ׆ ⱳ ≢( 4c d) ץ ₮̆ 850km217 

҉ץ № ⱳ ⱴ̆ └ ⱳ ̆ ╠218 

3 № Ҭ № ⱳ Ӟ ⱴ̆ Ҭ Ḥ Ӟ └ ү  219 

 220 

4 ҍ └ № ⱳ ≢ ̆ 221 
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(a) PI̕ (b)Q̕ (c)U̕ (d)V̕ ( ᵝ: m3
 /  s2) 222 

Fig. 4 The variation s of the  power spectrum of BLND minus CTRL analyses,  223 

(a) PI;(b)Q;(c) U- component;(d)  V- component ( unit: m3
 /  s2) 224 

Ԋ ꜚ ΐ ꜚ ҍ ῏ EśK
- 3
῏ ̆225 

⌠Ҭ ҹ EśK
- 5/3
῏ Ȃ ꜚ ҍ ꜚ ≢  226ץ

ᵀ ̆ Ҍ ’ ⱬ № spin up Ȃ Ҭ227 

ѿҩ Ҭ№ ꜚ ̆ ץ ₮ 00UTC ̆ └ ꜚ 100km228 

ҊҬץ № ̆ ꜚ ̆ ⱴ̆Ҋѿ №229 

ꜚ ̆№ Ҭ Ḥ ̆ⱴ ԅ spin up230 

̂ 5ã № Ҭ Ḥ Һ Ҭ ԅ 3h ᵬ231 

ҹ ̆ 3h №̆ ӊ ̆ ֟232 

Ҭ Ȃ׆ Ӟ ץ ₮( 5b)̆ Ҭ ԋ №҉ץ ꜚ233 

└ ̆ № ⱴ ̆3h ֟ Ҭ Ḥ234 

ү ̆ ⁞ spin up  235 

 236 

 237 

5 GRAPES-RAFS Ҭ№ ꜚ ̆̂ ãCTRL̂̕ b̃BLND 238 

( ᵝ:  m3
 /  s2)  239 

Fig. 5 The simulated kinetic energy of the analyses  in GRAPES- RAFS,  240 

 (a) CTRL; (b) BLND (unit: m3
 /  s2̃ 241 

   ҉ ̆ ῀ῃ Ḥ № ⱴ ̆ ∆242 

spin up ̆ᶏῒ 3h ֟ Ҭ Ḥ ̆ RAFS Ҭ֟  243׆̆

ᶏ ẁ ᵞԍ № ̆Ҭ № ⱳ Ӟ ԍ № Ȃ 244 
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4 №   245 

  ѿҩ ҍ ̆ ғ Ԑ246 

ῃ Ḥ Ȃ 247 

4. 1  248 

 249 

6 , (a)2 ( ᵝ:K)̆  250 

(b)10 U ( ᵝ:m/s)̆ (c)10 V ( ᵝ:m/s) 251 

Fig.6 Root mean square error of of monthly average forecast,  252 

(a)  2m temperature (unit:K), (b) 10m U- component (unit:m/s),  253 

( c)  10m V- component(unit:m/s)  254 

Ҭ ԅ 00UTC ‛ ҍ ̂ 6̃̆ 255 

└ Ҭ ‛ 2̆ 10 ╠ 12256 

ԍ‛ ̕12-24h 2 10 V ԍ‛ ̆ 10257 

U ԍ‛ Ҭ ‛ ̆258 
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└ ‛ ᵌȂ 259 

   └ ‛ ץ ₮̆ ῀ѿ № Ḥ260 

Ҍ ԋ̆ ( 6) └  261ץ

₮( 6)̆ ̆ ̆262 

ԍ └ ̆ ≢ ╠ 12h ̕ῒҬ╠ 9h 2 Ҋ ԅ 0.1K263 

̆∆ ┴ 10 U/V Ҋ ԅ 0.2m/s҉ץ  264 

4. 2 ғⅎ   265 

     00UTCѿҩ ̂ ҍ ≢̃̆ ץ № ̂266 

ҍ№ ≢̃ Ẓ ׆̆ 7Ҭ ץ ₮̆ └ U Ẓ267 

400- 250hPa 20hPa Ẓ ̆200hPa Ẓ ⌠ 1.0m/s̆ῒז Ẓ ̆268 

№ №̆ Ẓ ⁞ ̕ 300hPa҉ץ Ẓ ̆269 

№ Ẓ Ẓ ⁞ Ȃ׆ ץ ₮̆270 

ᵞԍ └ ̕ № ԋ № ᵞ̆p №271 

Ȃ 272 

ԍ V ̂ 7 ԋ ̃̆ ң № Ẓ Ẓ ̆273 

Ẓ 200hPa҉ץ ԍ └ ̆№ ԋ № Ẓ Ẓ274 

0 Ȃ ᵞԍ └ ̕ № ̆ԋ275 

№ ᵞ̆ № Ӟ ԍ └ Ȃ 276 

ԍ ̂ 7 ҈ ̃̆ ҍ№ ԍ └277 

Ȃ ԍ ̂ 7 ̃̆ ң Ẓ ̆ № Ẓ ̆278 

ҍ№ Ӟ ԍ └ Ȃ 279 

҉ ̆ № ̆ № ԍ └ ̆280 

≢ U/V ̆ῒ № ԍ └ Ȃ 281 

 282 
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 283 

7 00UTC ҍ№ Ẓ , (a) U ( ᵝ:m/s)̆ (b) V284 

( ᵝ:m/s),(c) ̂K̃ ̆̂ d̃ ̂%̃  285 

Fig.7 Bias and Root mean square error of of monthly average background and analysis  286 

with radiosonde observation ,( a)U- component (unit:m/s),( b)  V- component 287 

(unit:m/s) ,(c)T emperature (unit:K) ,(d)relative humidity (unit:%)  288 

 289 
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4. 3  290 

  291 

8 24h (a) ̆(b) └ ‛ ̆(c) └ ̆ 292 

(b) ( ᵝ:mm) 293 

Fig.8 Monthly average 24h accumulated precipitation ,(a)observation; 294 

(b)ctrlcold;(c)ctrlwar m;(d)blndwarm(unit:mm)  295 

׆ 24h № ץ ₮( 8bҍ c)̆ └ 3-8mm296 

‛ қ қ ԅ Ҭ297 

֓ ̆ └ ‛ └298 

8-15mm ῒ‛ ҬӞ299 

└ ̆ 15-25mm̕300 

└ қ 15mm҉ץ Ẓ ̆ Ẓ301 

̆ῒ‛ ̆ ‛ ѿ № ̆302 
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ҍ └ ‛ 24h ≢Ҍ ( )  303 

 304 
 305 

9 ETS №:ă0- 6 h̆b̆6- 12 h̆ 306 

c̆12- 18 h̆d̆18- 24 h  307 

Fig. 9 The ETS score of accumulated precipitation,  308 

( a) 0- 6 h, ( b) 6- 12 h, ( c) 12- 18 h,(d) 18- 24 h 309 

Ҭ 6h ETS № Ẓ ׆̆№ └ ‛ (ctrlcold)310 

(ctrlwarm) ץ ₮( 9)̆ ԍ ̆ 6-12h ETS № Ҭ311 

҉ץ ԍ‛ ̆ῒז ETS № ᵞԍ‛312 

‛ (blndcold) (blndwarm) ̆ ᵣ ‛ Ӟ ETS №313 

 314 

└ (ctrlcold) (blndcold) ‛ ETS №̆ 0-12h315 

̆12-18h ̆18-24h ̆ ῒ316 

ז ETS № ԍ └ ̆ ѿ Ḥ ῀317 

ᵣ ̆ ῀ Ḥ ̆318 

ⱴ ῒ̆ 0-6h 18-24 ҩ ᴨԍ └ ̕ 6-12h319 

̆ 12-18h Ҋץ ETS №Ӟ ԍ └  320 


