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Abstract For alleviatingthe problem caused by the fixed boundary camdiin GRAPESRAFS
system and improving the forecast qualities of regional model, a blending metmedge large

scale information of global model with mescale information of regional analysis from the

GRAPESRAFS system is implemented using Discré&esine Transform (DCT) filteBeginning
from 10 May to 9 June 2018he forecast qualities betwedre control experimentsf the cold

starting and warrup

variabl es6 har mony

initilizations and the blending scale analysis experimenisth
GRAPESRAFS are comparedrhe numeical results indicatehatthe large scale information and
thaf the apinaup e ésdecrieased rwithathe gjlpbala n d

informationevery 3 hours analysis BRAPESRAFS merged The forecast qualities aurface

variables analysisand precipitation with warm start are obviously improved. In,addition, the

simulated trackof typhoonEwiniar are much clos® observatioaby using theblending analysis.

Thewarmup initial physical fields which leads to far smaller surfpoessure tendency are more

harmonic than those of cold starting initializations. However, it is observedhinatarm-up

forecast qualities o2m temperature, 10m wini not better than the«Cold starting ones and that
the warmup precipitation scores &TS are lower than cold starting forecast ones as well.

Key words Global large scaleinformation, GRAPESRAFS, Regional 3DVay Blending scale

analysis
1
[ H1n v [, b N nbTw q b
i o A il Ne ¥ %o v Ne
- Ne v T
z T Ne £ v H
vy H v B HW [k In H
"M H ()n H "2 T Ne T
Ne (Guidard and Fischer ~ 2008 Dahlgren and Gustafsson 2012)" (2)

n H M T H Ne (Yang 2005
Hsiao etal = 2015 T 2019 £ H VI
Ne T°n Ne3 Ne LV -

3 (Wang etal® 2014 Zhangetal ~ 2019
[ ®" 1n H M Ne T W , Ne
T H H ~ Ne b



58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

83

84

85

86

87

A . HM v
(RUC:Rapid Update Cycle)b ,RUC "HNez
A , X it b 1994 3 F &2 1 Ne

3h 60km Ne (RUG,2002  Ne [ 20km, 1h
(Benjanin  ,2004), 2005 RUC Ne [ 13knA2012 v G, T Ne

(RAP:Rapid Refresh),2014 0 = Ne 3km
(HRRR:High Resolution Rapid Refresh)( Benjamin ,2016) 2000 3
Ne , 2007 . . ¢ WRE: T No

M BIJRUC™ %3 F (W 2009);

¢ GRAPESjlobal/regionalassimilationandpredictionsystem Y A TNy
¥ ,2004;Xueetal,2008 ) M (Chenetal ,2008;Zhang afid Shen,2008)
ey A GRAPES_CHAF ( 2010) T T
¢ GRAPES_CHAF, 22§ NeNe ( 2009) /GRAPES V3.0
n v  15knNe 31 3h GRAPESRAFSRapidAnalysisandForecastSystem )
G 2010 %03 ( 2013), 2014 3 F GRAPEBAFS Ne 1 |
10km, Ne 50 ,GRAPES 1 W V4O A
- e T 2017 GRAPEBIes04.0 ~ T k M 3km Ne
G 2015 N V2017 Q@
g Tp | m 3kmNe GRAPERAFS T DA
[ _ 7 ] GRARERAFS (Y X z.,P G
T b, x . xH [n
H [ GRAPEBIESO M Ne ( ,2018),
GRAPERAFS /7 H v bz Ne
a GRAPERAFS Ne
2 H GRAPERAFS

2.1 GRAPERAFS

GRAPERAFS GRAPES 1 Ne M 3t Ne
- * 2013” h - : b n
|k a2 T NeNe (3DVa) € Ne %l (SI) T

3



88

89

90

91

92

93

94

95

96

97

98

99
100

101

v b h N - H
" Y6 ¢ 3DVar 3uEN ¢ & a 1 €
T H Ap s n Ne ” 4 v
%ol n = 3DVarNe S XBoM
v "~ grapesbdy” Y T Ne ¢ Ne  (Xb/Xa)
H ; [ Ne € Ne  Neg i Ne i
Ne (X3~ N bwA ~ grapesinput™ ~ M s
Ng M bullW Ne (Xb)” € a Ne AT
n bu No w'oT v b u
Ne Y " GRAEPS RAFS 1A
b l l X0
Fmmmmmmmmm - f==-=-== "2 T NeNe
I Yo
!
H
b ———P Neo
XolXa N
! 0]
: lXa_bI nd -
|
|
g -~ “t------- > € No
€H
%o\ l Xa
A :
lgr apesi nput
U
n —» T
|If gr apesbdy
1 GRAPEBAFS

Fig.1 The flow diagram f@RAPEBAFS



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117
118
119
120
121
122
123
124
125
126
127
128
129

034

22 PR
GRAPERAFS n v W > T NeNe ~ GRAPESDVaf n Ne
- 2009 2008 2012~ GRAPESDVarb M
T W a Ne T A T waav a
A48 A Li w p 5P a A A
\ 4 NMC - Toow o og . :
2012~ W i T v " A
T P v * Y a 4 200k 119, Li v
500knA
2.3 X W
GRAPES T v A v Ne ~ n° 4
z t oz - a 3kmNe 14~ M
€ - RRTM Dudhia v WSMB6,
NOAH Monin Obukhov MRF A
2.4 E|
GRAPES 22 1 Ne . GTI® Tyl VAD GPS PW
i [ M/ /Ne [Ta i n Ne T R i
# A / a b v n N % n5A M Ne
T H ~ \ Ti H v Y v
77 n Ne Ne i H "
v n Ne Ne A Ne T
P No - H b Ne
A H ~ £ M H ~ # M H D 3
Ne T b A
FEEY n v T H - VR 0
(2D DCTDiscrete Cosine Transform ) M R Ne (Denis et
al.” 2002 © 2009 A (2018) N Ne
NeTf bV Ne T NeG3, . Ne iy Ne



130
131
132
133

134
135
136

137

138
139

140

141
142
143
144
145
146
147
148
149
150
151
152
153
154

Gyina¥ -

Going = Gup + Thg + Gin

=G, + Filter(T,, ., —G,;,) + Gy, — Filter(G,, ) (1)
I T Gpu M ; 3 n 6h " Liepa¥ N
Ne ' Gy 4 M Ne * d Ge—G,, ' Filter 2D DCT 0
Ne ' No n Ne Ne M Ne T
Ne G Filter i 1 T Qu
Gyps =Gy Gy Filter(T,,,,) Filter(G,)- Filter( G, - G,)
=G,, Filter(T,,,,) Filter(G,) Filter(G,)+ Filter(G,) b
=G,, + FiIter(Tglobal) -Filter(G,)
=G, + Filter(TglobaI -G,
GRAPERAFS ™ 2 1 NoNe ¢~ Ne / 1 A ¢
@ Ne 1 b n Ne -~ ?;Inha; n il
3 GRAPEBRAFS
T GRAPES Ne UH Ne A
w 2018 5 9 -2018 6/.9 & Nez 00 12UT(y ) 3h  Ne
v [ 12/00UTC ¢ A 00/12UTC Y v
w 36K  3hNe W 24h W K M~ 1038E13%E 17
3N 503N Ne /4 3krh W 51 ~ 33km L (CTRL b3 F
10kmNe W " [ Y TA Y7
' NCER 6h Db “NCEP “ Ne
W 50E Ne ¢ 1000tPa[ 10hPa” 26 (BLND L
v T Nez  NCEP Ne (00 06 12 18UTL i 3h (03 09 15 21UTE
H N Ne W 600kmM T Adudv
B Ne ~ i YV Ne wh's A B * T
. Ne A RAFS 2 T 00UTC
L ' (ctricold) (ctrlwarm) ~ ' (bindcold)
(bIndwarm)



155
156

157

158

159

160

161

162

163

164

165

166

167

168

1 [ [ [ 1 [ [ 1
I >

I 1 i
Global 3 00 UTC

| I B B
00 06 12 1
6h fest
LBC
Blf.‘lldil‘lg ! ! ! !
Ana/fest l!/ﬂ}/—*wf/—\}!/“}/—;/—&
——t—t—t—+—+

RAFS —+1
00 03 06 09 12 15 18 21 00 UTC

A J

Cold 36h/Warm 24h', |
forecasting

2GRAPES Ne

Fg.2 Schematic of B Rapid Assimilation and Forecast System«onfiguration

with blending scale analyses

3.1
22 T Ne 1 T ux T Ne
Y 3T T Ne Lo Y 90mini _ by
Ne L ~ AT T a aGPS VAD b
Ne L~ s Ne A
I RAFS T
Table 1 Observation stations assimilated in RAFS
f b
V,T,RH 107-110 00/12UTC’ 5-3T 06/18UTC
RH,PS 1600 00/12UTC’ 2500 i T -
RH,PS 20-50
VvV, T 1000 1600 00-12UTC’ 300600 15 21UTC
€ vV 300700
GPS PW 200-500
VAD \% 10-70
1w N YU b T Y OF
a - h 00bL 12UTC * 06/18UTC i

7



169

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

A i T Ne o Ne L
45Ne 20 Ne L buN L a A , A
W @ a -~ 00/12UTC 3L
1600 =~ i T 2500 = A © 34
A A _ - Ne b 1 h w ¢
T "~ 00-12UTC 1000 1600 - I
Ag a GPS VAD Ne 3t b ~ 1 T VAD
7 s Ma T s @ A _ M 00/12UTC
2 VR G Ne f ~ 1101 1101 50 4°A
3.27% L
3BT RAFS T v w 00/12UuTC  Ne 1%/t 6hn
* 9 00UTC v w': W  18UTC n Au 2 v
N L T Ne n bwv -
4 00UTC 00-06UTC b W 00UTEC n 0-6h ~ 12UTC v
n 1 A Ne W Ne u A
3.3
RAFS  Tmi% BV Ne N T7 X z
v 2 { yfchandHuang,2010 © 2018 A w 2K
47 p 1N Ne 1h, oI s
Ne 2H AvDwu A A



AT TR WA BN

055
=
£ 0.45
S 035
‘?6‘ ' ctricold
< 025 —t=blndcold
— 0.15 ctrlwarm
e
% 0.05 =0=hIndwarm
-8- 10 30 50 70 90 110 130 150 170
Forecast length (min)
189
190 3 2018 5 10 12UTC A W
191 Fig3 Surface pressure tendency starting from 12UF7C/10 May 2018
192 Aw "y y X z
193 ® Lynch and Huang,199&2 T v 2018 5 10 12UTC
194 Aw -~ 3"y ¥ L * A L
195 4w "~ 0.55hPa/L0min~ 3h AW 7 G 0.21hPa/10miA
196 y:': L ' A by - 3h X W
197 T n A Neo v L A 1 AW
198 (0.140Pa/l0min) 6 (0.55hPa/10mir) 3 v AW
199 4 0.06hPa/10min A \ " 3h X -
200 spin up T A 1 AW
201 "~ 0.0&hPa/lOmin 3 Gi " (0.17hPa/10miip
202 L ' YR IR Y
203 H T 1w 3 i (4w 0.17hPa/10min) n
204 Ne v “¢v~"MM Ne T A \ -
205 AW A 1 0.05hPa/10minh L AW
206 W vo1T H A H ¥~ Ne - AN Yz
207 H © 1hp b X - AW G A



208

209

210

211

212

213

214

215

216

217

218

219

220
221

¥
w 3 L v w # (
yit No w v , | >

3.4 E|
C " “n H Ne vV ~° A A
W L v A RAFS Tb w o Ne
Ne b A
44 2018 5 10 OOUTGI2UTGW @ RAFS T b e, Ne
M Ne w 20T N w 3t v w
T Atc A B w i "y E( 4aby  600kmy:':

No Ne w L - v \

k

I

0 :
Y “  850km
N L
3 L

3 N T Ne w 3 v~ T y

dxa(BLND—CTRL) PI (a) dxa(BLND—CTRL) Q (b)

i

6379 868 504 339 256 211 149 118 106

MAY10 UTC
MAY10 UTC

0
6379 868 504 339 256 21 175 149 133 118 100
avelength (k avelength (km)
-0.03 -0.01 0 0.0001 0.001 0.005 0.01 0.03 =0.02 -0.01 0 0.0001 0.001 0.005 0.01 0.015

(d)

dxa(BLND—CTRL)*10000 U (¢)

dxa(BLND—CTRL)*10000 V

MAY10 UTC
MAY10 UTC

0

6379 868 504 339 256 211 175 149 133 118  10¢ 106

—T e — 0velenth —T e —velength (k)
-2 -1 0 0.1 1 2 3 6 -2 -1 (] 0.1 1 2 3 6
4 L L Ne w # i



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237
238

239

240

241

242

243

244

(@ Pl (b)Q (U dV ( B :m’/s)

Fig. 4 The variation s ofthe power spectrum of BLND minus CTRL analysg

(a) PI;(b)Q;(c) U componenid) \-componen{unit: m?/ <)
H : i /A 7 ESK ~
[T v w ESKT A b ) 7y
T - b ’ z Ne spinup A T
W@ TN - t 7y ¥ o00UTC <L 100km
YT Ne - - iy v- N Ne
- “Ne T H Y spin up
~ Bd Ne T H h T =M 3h b
Y - 3h N¢ i H \ : * 0
T At 37y F( 5by T_H ¥:Ne -~
v Ne v ~ 30 7 T H
Yy spin up

Wavelength (km) Wavelength (km)
100 100 100 10

0 1 1000
CTRL A¢=0.03 '

BLND A¢=0.03" ‘

108F 10°F 4
- 108 ~ 108k SAx .
< 10*E < 10*E E
S5 = ___ 12uTC ]

— 9u1C

| — eutc

10%E 102k —— 3UTC

‘ —__ bute

Lindborg(1999), Eqn
WQO I L ‘iOD 1 I
107° 107° 107 1073 1072 1078 107° 107 1073 1072
Wavenumber (radians m™) Wavenumber (radians m™)
5GRAPEBAFS T Ne - t. " & CTRLC b” BLND
(1B :m/ S
Fig. 5 The simulated kinetic energy of the analyses in GRAPERAFS
(@) CTRL;(b) BLND(unit: m?*/ &
A H . Ne v o7 A

spinup a1 3h * T H ~ RAFS T7 Y
a AW YeM N T Ne w 3 6M Ne A



245

246

247

248

249
250

251

252

253

254

255

256

257

258

4 Ne

W @ b i B
n H A
4.1
) RMSE of T2m (a)
bl T T
. RMSE of U10m (b)
281 cowarm
+ - —+bindcold
28 e—obindwarm
Eu-
£
2.
./
18 18
Bt T S Y TR T Bt I T N W T T
6 , (@)2 (1 B K}
(b)10 U ( B :mfisy (c)10 V (Y B :mis)
Fig6 Root mean square error of  of monthly average forecast,
(@) 2mtemperature (unit:K), (b) 10mU component(unit:m/s),
(c) 10m Vcomponent(unit:m/s)
T 2 00UTC ' b
L1 - T2 10 | 12
G' ' 12-24h 2 10 V G'
U G' T

12



259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281
282

L ' Y F 70 Ne H
b " H ( 6) L Ty
F( 6 - )
¢ L ~ #2 J[12h i T on 2 h = 0.1K
A 110 unv M = 0.2m/sy:':
4.2 Fod
00UT® @ - L ™ YU Ne®
L Ne £~ 7 ¢t 77Ty % L U Z
400-250hPa  20hPa Z ~ 200hPa Z [ 1.0m/is i T z -
N ~“Ne Z S 300hP&y:/: z -
Ne Z z i Ac Ty F
ve L ’ Ne K No VP Ne
A
G V " 7 W T H Ne Z z -
Z 200hPay:': e L T Ne R Ne Z yA
0 A ve L ' Ne ~ R
No v No 3 ¢ L A
G - 70880~ b Ne ¢ L
A s~ 7 ~ R Z v Ne Z v
b Ne 3 ¢ L A
D Neo iy Ne c L -
£ UV i No e L A

13



10 10
ctriwarm_inno ctriwarm_inno
ctriwarm_ans ctriwarm_ans
—— blndwarm_inno —— bindwarm_inno
---- blndwarm_ans === bindwarm_ans
&= 50
£ 70
£ 100
=
v
u i
L 200 /
400
600
1000 s 08 : Z
-20 -15 =10 =05 0.0 0.5 1.0 15 X 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Bias U(m/s) Std U(m/s)
10 10
ctriwarm_inno ctriwarm_inno
ctriwarm_ans R ctriwarm_ans
—— blndwarm_inno —— bIndwarm_inno
==== bindwarm_ans ==== blndwarm_ans
© 50 50
a
£ 70 70
2 100 100
=
)
w0 ‘.\
& 200 200 )
400 400
600 600
800 800 . )
1000 , . - . 1000 CR . - . .
-20 -15 . 0.5 1.0 15 2.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
Bias V(m/s) Std V(m/s)
10 : 10
ctriwarm_inno | ctriwarm_inno
ctriwarm_ans i ctriwarm_ans
—— blndwarm_inno I —— bindwarm_inno
=== blndwarm_ans = 3 === blndwarm_ans h!
T o 50
£ 70 < o -
2 100 100
2 |
o |
0 \ /
£ 200 E“} 200
400 i 400 &
W 3
600 i 600
3 st I
- - - = i . i . Tl v - T
-20 -15 -10 -05 00 0.5 1.0 15 2.0 8,,10 075 1.00 125 150 175 200 225 250
Bias T(K) Std T(K)
10 1 10
ctriwarm_inno | ctriwarm_inno
ctriwarm_ans 1 ctriwarm_ans
—— bindwarm_inno ' —— bindwarm_inno
---- blndwarm_ans d === bindwarm_ans
© 50 ' 50
= {
£ 70 | 70
¥ 100 | 100
2 |
[ i
H d
& 200 } 200
400 ! 400
600 ‘ 600
800 j 800
1000 . . . - 1000 . . -
=40 =30 =20 =10 0 10 20 0 5 10 15 20 25 30
283 Bias RH(%) Std RH(%)
284 7 0oUTC b Ne 4 ,(@ U (B :m/s) (b)V
285 (Y B :m/s),(c) K™ d %

286 Fig7 Biasand Root meansquare errorof of monthly average background and analysis

287 with radiosonde observation ,( a)U-component(unit:m/s),( b) V-component
288 (unit:m/s) ,(c)T emperature (unit:K) ,(d)relative humidity (unit:%)
289

14



290

291
292

293

294

295

296

297

298

299

300

301

302

4.3

Observed—PremFltatxon
31daysAve:(2018051

00—201 8060900

105E 110E  115E 120E  125E  130E  135E

V4.3_3kmEastCtrlwarm (c)

V4.3_3kmEastCtrlcold (b)
50N ldaysAve (dOlGD’)l(OO 2018060900)
25
20
15
8
3
0.1
Ctrlcold

105E 110E 115E 120E 125E 130E 135E

V4.3_3kmEastblndwa

50N 31daysAve: (dOIBD‘)lOOU 2018060800

s 3idavadve (zoxao’alooo ~2giogcoo0c #%H‘
Ctriwarm bindlwarm
T5E 100E 115 120F 15E 130E I35 106E 1M 1i5F 120 1%E 1308 195
8 a (b ") b -
) . (B :mm)
fwhly average 24laccumulated precipitation ,(a)observation;
(b)ctrlcold;(c)ctriwar m;(d)blIndwarm(unit:mm)
C 24h Ne "y ¥( 8boc L 3-8mm
‘ K. M 7 K 2
v - L : L
8-15mm [ T3
L © 7 1525mm
L K 15mmy: s z -
T } ' 7 W Ne

15



303

304
305

306
307

308

309

310

311

312

313

314

315

316

317

318

319

320

24h

Zb

ETS/ Nea™ 0-6h b 6-12h
¢ 12-18h d 18 24h

Fig. 9 The EZSscoreof accumulated precipitation,

(a)0-6h," (1) 612h, (c)12-18h,(d) 18 24h

(ctriwarm) = /7y

G t

[

(bindcolg

L (ctrlcold)

12-18h

ETS Ne

0-6h 1824

12-18h

6h

F( 9

ETS Ne Z

G

ETS Ne

(bIndwarm)  ~

N @
Y 4

(bIndcold)

© 18-24h

¢ L Ny

ETS Ne3

16

Ng

C

6-12h

Y

G

ETS

(ctrlcold)

ETS Ne T

ETS No

0-12h

6-12h



