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I, &% Mellor-Yamada-Janjic A % — A, 6fiHD
KYE % T 5Goddard A ¥ — L% iz, £ AXx
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Fig. 1 Weather map at 0900 JST 28 July 2008 by
Japan Meteorological Agency.

Detasel: d4 RIP: rip logagawads
Fest:  13.00 h

Terrain helght AMSL
Terrain height AMSL

Init: 1200 UTC Sun 27 Jul 08
Valid: 0100 UTC Mon 28 Jul 08 (1000 LST Mon 28 Jul 0B)
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Modal Info: ¥3.0.1.1 No Cu  WYJ PBL Goddard  Ther-Diff 100 m, 30 levals, 0 sec
LW: RRTM SW: Dudhia DIFF; simple KM: 20 Smagar

Fig. 2 Surface topography represented in D4 with GSI
50-m Digital Elevation Mdel (DEM) data.
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X UM (2000 J/kgbh ) Z R T8I E R - TE D,
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SNTWBZ ENTND,

7272 LCAPEIEREFE/y BT B 7= 8, Ml O1E &
DEWZ &> TCAPEDMIC K ERENAEL S, £ 2
T, 1 E» 5500 mfEE O KK T TEY LR E
PR L Z A, EWHETRO MM TIIZIE AR ICIRAT
N ER LTz 2350y o 72, CAPEDIE ) Al [k
BEWVWSTeRT A —=FIIFNETH D 12 DEFESIKF
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JTARIIMBTHLEE > TWEZ RIS,
L7NoT, RtEREZLELTHRT vy LT
T (HDVEAM) oL ST ILMETHLE» -
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Daotaset: d1RIP: rip togagawadi Init: 1200 UTC Sun 27 Jul 08
Fest: 12.00 h Valid: D000 UTC Mon 28 Jul 08 (0800 LST Men 28 Jul 0B)
CAPE (for parcel with max theta-e)

Terrain height AMSL

50 100 150 200

Model Infa: V3.00.1 KF  MYJ PBL Goddard  Ther-Diff 10 km, 39 lovels, 45 sec
LW: RRTM SW: Dushia DIFF: simple KM: 2D Smogar

Fig. 3 Horizontal distribution of CAPE in D1 at 0900
JST 28 July 2008.

Dataset: d2 RIP: rip tegagowad2 Init: 1200 UTC Sun 27 Jul 08
Fest: 12.00 h Valid: 000D UTC Mon 28 Jul 08 (0900 LST Mon 28 Jul 08)
Reflectivity () of helght = 1.00 km

orizontal wind vectors ot height = 1.00 km
Terrain haight AMSL
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MAXIMUM VECTOR: 144 m ™ —
Medel Info: V3,011 No Eu_ MYJ PEL Geddord  Ther-Diff 2.5 km, 38 lavels, 15 sec
LW: RRTM SW: Dughia DIFF: simple KM: 2D Smegor

Fig. 4 Precipitation intensity (indicated by Radar
reflectivity in dBZ) and horizontal wind field (vector)
at the 1-km level in D2 at 0900 JST 28 July 2008.
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NTWolz, THHOREEITIE, Fig. 5TAR LR
REEMED RO R IEIZHFAE 2R E LTEA L
TWizEtE x5,

(2)

Dataset: d2 RIP rip togogawad? it: 1200 UTC Sun 27 Jul 08

In
Fesl:  15.00 Valid: 0300 UTC Mon 28 Jul 08 (1200 LST Men 28 Jul 0)
CAPE (for pnrcel with max theia-e)
errain height AMSL

Modl Info: ¥3.0.11 No Cu MYJ PBL Goddard _ Ther mf(zskm 39 loveln, 15 sac

= RRTM SW: Dudhia DIFF: simple KM: 20 Sr

Dataset: d3 RIP: rip togagawad3 Init: 1200 UTC Sun 27 Jul 08
Fest:  15.00 h Valid: 0300 UTC Mon 28 Jul 08 (1200 LST Men 28 Jul 08)
CAPE (for parcel with max theta-e)

Terrain haight AMSL

50 100 150 200 250 300

Model Info ¥3.0.11 No Cu WY POL Goddard  Ther-Diff 800 m, = 39 laveln, 2 aee
: RRTM SW: Dudhia  DIFF: simple KM: 2D Sr

Fig. 5 Horizontal distribution of CAPE in (a) D2 and
(b) D3 at 1200 JST 28 July 2008.

Fig. 7283 5EIRIC I 1T 5 10 [ A& 26 RN /2 o0 R R
BA&RT, Fig 6 CRINTZEK T AT LDOFEITH
& L7223 Fig. 7alc RBLENTW3, Z 0K
A I FLTERY, —HTBHEN LS 25
BFEZEREZET VT LSHEHL TS

Fig. 7cZ L% &, NH LM OREAICE QO RRKE
DFELICHEOTCOWDEETRHERTE D, Z ORKiR
& BT E D RRE D EIR T b D BAHEB O R TR
TH 5, Fig. 815100 mb& 53 fifhE TRBL S 4172 1IRFH]
BNEODAMATH D, NP ILHO—EHO Kz

THM R E20 mm~30 mm® KA1 km~3 km®D
FHANICRIE L CWAERTRARBEINTEY, 0
TEDBBLZEENRBEKBIZEIIISEL TN
R ONLE XA O LRI se 4 *ﬁbfw
LT TIERVWEDOD, LAL, HEMRBHEOME
NEEOLFICH 220 T WK B W CHRIEICE
BEINTZEWH JT, EMLUESICBTTED
ICCTH R LN E L D RN Emho iz L
WO ZLEETAHETERATHIENTERLES
25
“Wﬁ”?”mmmmmmmmmwﬁﬂwmﬁﬁﬁ

Horizontal wind vectol at height = 1.00 km
Terrain height AMSL

5858838

MAXMUM VECTOR: 18.0 m 3”
Model Info: V3.0, No €y MYJ PEL Goddand Thar musuum 30 levels, 23
RRTM 5W: Dudhia DIFF: simple KM: 2D Smago

Fig. 6 The same as Fig. 4, but for D3 at 1200 JST.

Skamarock (2004)(C XX, T VO EBFEE
(BN BN LB SN B4 758 1T TiEO6
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LUETH LD, £ ORGEET NMICB W TITERE
I TIEO10fERENRLNICERO B 5 4y fRiE
ThHEERD, TOREZET DL, Fig. 8TOJF
AL L7z 33100 mi& 7 &\ 9 @ fREE TR
LZZ EICR VIO TREAINTEBLDOTHDL EF R

o —H T, Ax ORILEDORAEIZIEIRNT & L
@ﬁn‘bét&b EfRBREIZ LI ZATHT LHIF
Ml s JATOMEFTIVRESBHENR I — MR
LT TIERY, L L, EPSMHEE L VD AT,
BRGEHRICLVERORELT IHETALY B
K EBENDAHEMEIZDH B, LI THEMEBGE
Ral—varid, ZEROEETMICENLZ0ED
DOFEE LTHRMERSH L EEZE2 65,
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(a)

Dataset: d3 RIP: rip togogawad3 Init: 1200 UTC Sun 27 Jul 08
Fest:  16.00 h Valid: 0400 UTC Mon 28 Jul 08 (1300 LST Men 28 Jul 08)
Total precip. In past 1 h

Terrain height AMSL

350

50 100 150 200 250

Model Info: V5.0.1.1 No Cu__MYJ PBL Goddord  Ther-Diff 500 m, 38 lavels, 2 sec
LW: RRTM S5W: Dudhia DIFF: simpale KM: 20 Smagor

(b)

Dataset: di RIP rip fegagawad3 Init: 1200 UTC Sun 27 Jul 08
Fest: 1701 Valid: 0500 UTC Mon 28 Jul 08 (1400 LST Men 28 Jul 08)
Total pmtp " past 1h

Terrain height AMSL

350 R

D mm

100

Model Info: V5.0.1.1 No Cu__MYJ PBL Goddord  Ther-Diff 500 m, 38 lavels, 2 sec
LW: RRTM S5W: Dudhia DIFF: simpale KM: 20 Smagor

(c)

Dataset: d3 RIP: rip togagawad3 Init: 1200 UTC Sun 27 Jul 08
Fest:  18.00 h Valid: 0800 UTC Mon 28 Jul 08 (1500 LST Men 28 Jul 08)
Total precip. In past 1h

Terrain height AMSL

BT T T T T T T T T o S R mm

100 150

Modal Info: V5.0.1.1 No Cu__MY) PEL Goddord  Ther-Diff 500 m, 3§ lavels, 2 sec
LW: RRTM SW: Dudhia DIFF: simple KN: 20 Smagor

Fig. 7 Accumulated rainfall (mm) for past one hour
in D3 at (a) 1300, (b) 1400, and (c) 1500 JST.

(a)

Dotaset: d4 RIP: rip fogagawad4 Init: 1200 UTC Sun 27 Jul 08
Fest:  17.00 h Valid: 0500 UTC Mon 28 Jul 08 (1400 LST Mon 28 Jul 0B)
Total precip. In past 1 h

Terrain height AMSL

§1&£>\

L
50 100 150 200 250

4 8 12 16 20 324 28 32 36 40 44 48 52 56 60 mm
Modal Info: V3.0.1.1 Mo Cu _ MYJ PBL Goddard  Ther-Diff 100 m, 39 levels, 0 ssc
LW: RRTM 5W: Dudhia DIFF: simple KM: 20 Smagor

(b)

Dataset: d4 RIP: rip togagawad4 Init: 1200 UTC Sun 27 Jul 0B
Fest: 18.00 h Valid: 0600 UTC Mon 28 Jul 08 (1500 LST Mon 28 Jul 0B)
Total precip. In punl h

Terrain height AMS

16 20 24 28 32 35 40 44 48 52 56 60 mm
Mnqu Info: \'J 0. 1 A No Cu__ WYJ PBL Goddard  Ther-Diff 100 m, 38 levels, 0 sec
LW: RRTM SW: Dughia DIFF: simple KM: 20 Smagor

Fig. 8 Accumulated rainfall (mm) for past one hour in
D4 at (a) 1400 and (b) 1500 JST.
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Ezohdl=HTHAH,

F TR T, DA v v 2 DERT — & )
LA 5 2 & THEK T COET VIR A ER L
THA, MERILOEEILEDO L IZBENTD
WTHRDZ L2 T 5, 20w, FH3k L OH4HE
W oE T LV#IE 2 GTOPO30IC & v ERL L, HiJZ LISk
DOBREITTRCO2H TR b0 & —F S+, HiE
2 b— 3 v &{T -7, Fig. 91CGTOPO30% #fifé] L
TERR L 72 8B4 T T VB 289, Fig. 2&
te5% L&, GTOPO302> b 1ERk L 7= iz 1%, RIS &
DB o2 ) E— 7 lERNMEDICRB STV
T ENnS EHL, LV EB bR TREI LT
D, 2O eMERBEOE L, M BT O REE
BOBBRMEICEREZET 5 (Takemi, 2009) , Z 2T
L, BAKOERBA~OEBIZONWTHNDZ L LT D,

Dataset: d4 RIF‘ rip fogogawad4 Init: 1200 UTC Sun 27 Jul 08
Fest:  13.0 Valid: 0100 UTC Mon 28 Jul 08 (IDOD LST Mon 28 Jul 08)
Terrain hnlghi AMSL
Tarrain height AMSL

§
,A?Ej

10 20 30 40 50 60 70 BO 90 100 110 120150140150 160170 160

[ T T T T T | I— — ]
] 00 200 300 400 500 600 700 800 m
Medal Info: ¥V3.0.1.1 No Cu__ MYJ PBL Goddard  Ther-| mﬂ «m 9 leals, 1 sse
LW: RRTM SW: Duchia DIFF: simple magar

Fig. 9 The same as Fig. 2, but for GTOPO30.

ENENOMET —2E2H\ e Ialb—va
WX VBN EIERICB T 5900 5 15K E TO
6RO RSB RN i )& & Fig. 1002”3, SLERFALE
MO 2 EO KX 268, SH L
B KBFALE I IR D B A 70 &, BAE el
BOAAO /NS — U FEHL L TV D, RSHILHERE o
KHEE O E— 7 [HNGSIT — % & AWV =HE 01
IMEVBEHFICRB SN TS EHICR LD, B
BREWRDL D LIIEVREY, EBEDOL IS, K
FIE500 mTIE, GSIZHW= & Z A TESRIET —
Z OFEIXTEIE T, GTOPO30 & T H K& Az
Bl hotz, RS (2008) 13200447 7 (T HTE IR
THRAE LB EZRNDOY I a2 b—va
EEREZITV, 500 mi& IO FHE TGSIS0mA v =
i & GTOPO30 & DM L 5 MR O 2 4
NN, BAKREORBICHTHIREILH EVHE T

R0 e, KFEHITHRBROBERNPG LN/
500 mE W) EEFL I L— g LTHEHED
WA oMReCh-CThH, HERBUCIH TV EEE
L THbRWESZZITHD, L7ZLZDAIT
SBEBOFEFCOVTHRINTIHEND D,

(a)

Dataset: d3 RIP: rip togagawad3 Init; 1200 UTC Sun 27 Jul 08
Fest: 18.00 h Valid: 0600 UTC Mon 28 Jul 08 (1500 LST Men 28 Jul ﬂE)
Jotal preclp, In pest & h

Terrein height AMS

350

300+

200§

150

100

50 ¢

ad! E—
50 100 150 200 250

Wodal Info: V5.0.4 No Cu_ MYJ PBL Goddard _ Ther-Diff S00 m. 39 leveis, 2 aec
LW: RRTM SW: Dudhia DIFF; simple KM: 20 Smagar

(b)

Datoset: d3  RIP: rip togagawad3 Init: 1200 UTC Sun 27 Jul 08
Fest:  18.00 h Valid: 0600 UTC Mon 28 Jul 08 (1500 LST Mon 28 Jul 08)
Total precip. In past 6 h

Tarrain height AMSL

350

300

25

200 {3

150

100

50

50 100 150 200 250

Model Info: V5.0.1 No Cu MYJ PBL Goddord _ Ther-DII1 500 m, 38 levels, 3 sec
RRTM SW: Dudhia DIFF: simple KN: 2D 5r

Fig. 10 Accumulated rainfall (mm) during 0900—1500
JST in D3 with terrains produced by (a) GSI 50-m
mesh DEM and (b) GTOPO30.
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n<Twsb, —J7, GTOPO30IZ X 555 % (Fig. 11b) T
1%, 20 mmPl EOREEIZRBREICERI N TS
H OO, WESCREORRE KD IZFEN S v T
5, £, AHLMESIC LML TORES A%
5% L, GSIT —# OB ICITIM TOME DL
{LRBAZETH Y, —FHGTOPOODHAITITFFIZIT
WZONTHRELDIZHEN KD Ll EIZES £ TH
SN Z VN EOFEIRDZH O TV TR0 5,
ZDOZEDHBEE LT, GSIF—X EFH LIZGAD
1F9 7, HIEOMEAR Y — 7 EOFREN LV HFEH
ICAIE - IS SN TV A2, Bl ~0%
BRPEE LRV, ZOMFKRE LTEHENLDIEKELD
FIEIZ OV N b TRELEL X TND, VW)L
BHEZLND,

(a)

Dataset: d4 RIP: rip tegogawad4 Init: 1200 UTC Sun 27 Jul 08
Fest:  18.00 h Valid: 0600 UTC Mon 28 Jul 08 (1500 LST Mon 28 Jul 08)
Total precip. In past 6 h

Terroin height AMSL

i 20 30 40 50 6 70 B0 80 w0 10 120 mm
Model Infa: W3.0.11 No Cu__ WY PBL Goddard  Ther-Diff 100 m, 59 levels, 0 sac
LW: RRTM 5W: Dudhic DIFF: simple KM: 2D Smagor

(b)

Datesel: d4 RIP: rip fogogawad4 Init: 1200 UTG Sun 27 Jul 08
Fest:  18.00 h Valid: DEOD UTC Mon 28 Jul 08 (1500 LST Mon 28 Jul 08)
Total precip. In past 6 h

Terrain haeight AMSL

1 20 3 40 50 60 70 BO 90 00 10 120 mm

Medel Info: ¥5.0.1.1 No Cu__ MYJ PEL Goddard  Ther-Diff 100 m, 39 levels, 1 eec
LW: RRTM SW: Dudhia DIFF: simple KM: 20 Smager

Fig. 11 The same as Fig. 10, but for the D4 results.
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Fig. 12 Normalized frequency of rain intensity (mm/h)
for the GSI50 and GTOPO30 terrains in D3 and D4.
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High-Resolution Simulation of the 28 July 2008 Heavy Rain Events over the Kinki and Hokuriku Area

Tetsuya TAKEMI

Synopsis

This study investigates the development and evolution of locally induced heavy rainfall over the Kinki
and Hokuriku areas on 28 July 2008 by conducting high-resolution numerical simulations with a numerical
weather prediction model. By employing the nesting capability, the areas of interest are represented with
500-m and 100-m grid spacings. Initialized with the meteorological analysis data at 21 JST 27 July, the
model well represents precipitating convective systems that produced local heavy rains in reality. Strong
instability over the Harima and Osaka Plains is produced in the simulation, which leads to the generation of
intense convective systems. In the 100-m grid domain, the precipitating convective system relevant to the
Toga River flooding on 28 July is represented. The present case study indicates that the representation of the
terrain has an impact on quantitative precipitation forecasts in a high-resolution simulation down to 100-m
grid spacing.

Keywords: heavy rainfall, numerical weather prediction model, high-resolution simulation, Toga River
flooding
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