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Synopsis

Localized torrential rainfall disasters in rainy season is called as “Guerrilla-heavy-rainfall disasters” in
Japanese media. This kind of rainfall disaster is caused by single or multi isolated cumulonimbus clouds
that grow rapidly within one hour since its generation. Nakakita et al. (2014) found that it is important
to detect the clouds at its “baby-cell” stage earlier using X-band weather radar, and to predict the risk of
disaster by vertical vorticity in a cumulonimbus cloud at its developing stage. However, the radar cannot
detect the “convection genesis”, i.e. air motion of thermal without precipitation particles. This trigger of
generating baby-cell is concerned to be much affected by urban area. So the purpose of this study is to
develop an urban meteorological model based on large-eddy simulation (LES) intended to clarify the

convection genesis.
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Figurel The growth of isolated culmuloninbus
cloud (BH, 2009)
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=-p,9 (2.1.3)
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Tablel Schemes of model

HEEHEAR FEMhEERR
FHREY uvwp®eaqgvaqgeqr
ERFR HAEXERR
BEIETF AZuH—F#EF
HEALiEE ARES L
(FAVOR%)
B R L ik 2§ EAdams-Bashforthik
ERAREE 2RABEPIDES
B SREERLES
FEDEL HE-VIi&
SGSETIL Smagorinsky-Lilly (Smagorinsky, 1963 Lilly, 1966)
17 B H, WESTL. free-slip, BS
R E 2 free-slip
EEORYEL 731727 (Louis, 1979)
EVEETIL BRMNFED/ LY (Kessler, 1969)

- g DA

o

op.u.
—§= g' (2.1.6)

- EH R

op,u, oP' .

o - —Adv.pu —6—Xi + Diff p,u, — p, f.&,, U, + B3,
(2.1.7)

- RN IR

op,0 .

o —Adv.p,0 + Diff .p,0 + p,Src.0 (2.1.8)

- KR - KB DIRE LD JFEs
% =—-Adv.p,q, + Diff.p,q, + p,Src.q, (2.1.9)

% =-Adv.p,q, + Diff .p,q, + p,Src.q, + Fall.q,

(2.1.10)
IAL & KRR DOXITH % ARk - HIRA Sre & V% TIA
Fall, %7-R¥iH Adv.g & HEIE Diff .l >0 TIds
s, fEavAy I —2Ths. BHBIE,
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, o' P’ L’ |+ 24,
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Figure2 Cloud physics of warm rain
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2.1.3 EYEETL

AETIVCTEHEDHEET NV E L OKMEBEREZZE L2
WEEDSWRR D317 (Kesller, 1969) & W TW 5. 7K
PVEIIRES 100 um L FOEK E ZH LD REWVRIKIZ

%ﬁéhé EET DR LT Figure2 IR+ X 9
iz, DR IC K D AKRER D DEKRASDOLELH,

EV, 71‘%% LR DERMBKFERA~DEY, EV &
BIZ KD WK B AKER~OER, CN, : IFEREIC
LDERINERIK~DLER, CL, : EHEHFSICEDE
KD HRAKSDER,, Thd. KEKDEZRAKICERRE
ENHBERITEHEEIND.
(2.1.8)~(2.1.10) DX HIZ B B ARk « THBEHEIZLL T O &
ZRSIND. LIZKOEEOEMTHS.

Smﬂ:é§#CNw—E@—EMJ (2.1.19)
Srcg, =—(CN, —EV, —EV,) (2.1.20)
Src.q, =CN, -EV, —CN_ —CL, 2.1.21)
Srcg, =CN, +CL, —EV, (2.1.22)

FARETKOMOER L, WAKRDEIEL, UTOLIIT
rEhs.

CN,, =0.001(qg, —0.001) (2.1.23)

CL, =2.29,q,°%° (2.1.24)

EV _ 1 (1_qv /qul)(16+303922(p0qr )0'2946)(p0qr )0.525
" 2.03x10° +9.5846x10° / (Pq,, )

(2.1.25)
REER & RO OZH#1Z1E Soong and Ogura (1973) I
it > ClE A FIFH R LA VY, B - AR K DL
RALOZENREIV G5 KOV LEREETTH. WAD
P TFIHIZOWTIE,

Fall.g, = 9 (pOU a,) (2.1.26)

U, = 14.14164(1'225]2 (p,9,)"" (2.1.27)

0

LT 5. KWEOWE FIXHAKDOARIZEE S, EAKTIE
WIS,

AW TIIEEDOEROEMSIESEZHTTNDED
BRSOV B LT, BRI EE TH]
I T OITHTZWVR O /L7 LB AREOEANE T
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P, A~ %, free-slip Seff, HHBE R AN T X
D, BEIIAH v H— R TRE SN D TR B
TRIER T M ORGEDSEE SN D0, WABERCTENCT
4 V7 VN EE X DBETRAOBIE BT 5T
ZETCHEAEFRETD. EEEAEEMIIAR VB
(Klemp and Lilly, 1977) Zg&{E$T5Z LN TE D.

HFm, BEmOESE, BALE X OKERREA LD 7 Z
v 7 AFLLTF OV K TREL BND.

2% =G, IV, U, (2.1.28)
7= PCy IV, 1(6, 6, (2.1.29)
Tqvj =/)OCh |Vb I(qvb _qufc) (2130)

¢, FENTNOEFOMEK R, BEmELEZ Y v RO
i, |V [3ER KRR BEOHEHETH D, C, .

C, &3V 7 {255 C Louis et al. (1979)ZfE > CTLLFD & 5
iR s 5.

C,=(x/log(z/ ZOm))2 F.(z/z,,Rb) (2.1.31)

Om?

C,=(xllog(z/z,,))(x/log(z!1,))F,(2/2,,2/1z,,Rb)

om? 0Oh?
(2.1.32)
1- S.4R0 _ - Rb<0
1+7.4x9.8(x/log(z/12,,)) (2/z,,)" | Ro|*
ﬂbz Rb>0
(1+4.9Rb)
(2.1.33)
. 9.4Rb
1+53x98(x/log(z/2,,))(x /og(z/2,))(2/z,) " |RbI*
h=
I4R0 g Rb>0
(L+4.9Rb)
(2.1.34)
Zy,s Zop 1THLE, RDIFIAALZUFH— RV U¥TH
%.

2.1.5 BEE

ZER OBERACITA TR IC LV, BFHEICIH - SR
A ¥ —24 (Kawamura and Kuwahara, 1984) o 3 Yk FE
7Sy, ERLISMT 2 WKL 2 Tz, RefEIFE
MBI LTI, AAREEEE DS 2 R S e SR O

FRAEANCTNDD, FEORKRARROPLEL 7
. RETVTILE R BIEIE A SR 5 2B L CRafgls
2, ENLISEGf#E T < HE-VI % (Horizontally
Explicit -Vertically Implicit scheme) % 7=, $REAS T
MRz &L L, HEEMECRFHREZ/NS< E D5
A, s IR MRS K & <HIR S5 23 HE-VIE
ERMT DL TEORIRERS ZENRTE S, (21.7)
EQLI2ICBIL T, MWE 3y EIENOMHITEE F &
LT,

op,U, oP' .
p o (i=12) (2.1.35)
9P\ [0, 8 lp_f, (2.1.36)
ot \a cr
' op,U.
P P (2.1.37)
ot OX. P

]

IKEH B (2.1.35) 12 B U TIPS RYE CREMAL, SH B E
(2.1.36) & £ /1 DR 7£(2.1.37) DL B L T afiiis Tfig
»hb. F7, (2.1.8)~(2.1.10) & FFREIEIZOWTITE
W HIRS At T, B & JESICBI LTI O R R
A7 TR & — RBIFER D ENEZ O TV D RUWORERH]
MIRE ORI IE 2 K5 Adams-Bashforsh 1% V5.
Pk, BAFLIZET AVOKRKEITD Y /N —THWZ
HEREHRR, AF—AITONTHRRZ, RWT, BI%EL
BT NA~OWHOZRDOB AN TIRRD.

2.2 #ufz, BHKORE

BAVE DHEHTIRIE, BEHCEE & FULITIA DY > TV D UK
JED OFTHBIZ LRI E AT 2 R L 9 5. 4F
W2, ARFFRI RIS & T 20 ORRHIXNE & N LIcEeE
728 km OFIBHICH AR AEFR LT D, ko T, 4P
FCB LTI OBKIZE 2 2R EEmT 272912
1%, WIBEOARL LT OIROR Y & KBLT 5 Z L3
BWLpd, HiFEEAYRRET VBN T RICHIEZE
TEDSRE AR A HNVTERBLEN D, BEIT A - 2
S3E 0 CFD TR TEA E A - TR AL O 53 i
RELELTHEINCETRBEEFE 5, B2
WAEDOFIETHREIND Z EBZ0. AWFFECIIART
DGR E TR A 72T FHMIC B L7220 HDREE DL ~D
WEBEZRMARLT201L, TR - BESEO CFD TL b
% X 9 e RS L R FBH 0 R R E TR AT
IMENHD. Ko THERITEABERZME 2L
ORI A FRBLT 5 7= 912 FAVOR %  (Fractional Area
Obstacle Representation Method) (C.W.Hirt, 1992) %3 A L
7o ETRBREICIIR G MR A T 4 T EEZITH LT
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HEHTPIHR 2 m~10m T2 DGR TREML IR &
< ZENEE LV, fIHTE 25RO RN &
BB LARBIZETIIMIHNE b5 10m 0 7' ) » FTHbT
IRZERHAT D.

2.2.1. FAVOR;%

FAVORYE TITHHEEE R LoOFHNIZIHNT, Fike HE
ERRETE7 ) v REEZ2, BTOERED S bifitko
0L EMEEEV,, £ X HAICEEREEIZHBV T
WA DL NEE A, LB ZETHIFORRE
42 (Figured) .

BRIV, B L, Wi A 8 2 B R Ok A 12
B2, 1EI Gl R AR, (RS, mAEER
ERAOCTUTOLIICET LN TES.

N,
S
N

v

Figure3 Direction of area ratio

* HGED

- EE) R

apgt/fui o 157_6%(/%)#* (—%}i—pofcgﬁku +BS
(2.2.2)

- RAZ O

@%?€=‘%Anjg?‘5;(“fw) + PV, Src.o
(2.2.3)

J

< KRR - KWEORE DR

ap[)qux aqx a
0[ =_p0A<Juj an _&j(Aqquxl )+

V, (p,Sreq, +Fallg,)

(2.2.4)
BERSGMICBEL T, 18 CTii 7=k o lcEm, B
OEEREM L L CGERR, IBALR L OKARIRA D 7
Ty I ARSIV THRELOND. ZOK, »NLIE
St /log(z/z,) & UChem, Higkimin o DEREz %

MWD B Zh e =R, mEREANWDSZETUTOL
WZRx 5.
2'=2(A1V,) (2.2.5)

2.2.3 #Z5, #MERKOT—2

8 25— & ] - R D FEAR R A ) 10m A
= DEM (Figure4) %\ 72.10m A v = DEM %, 2.5
Ty 1 OFEEHPS 045 (F10m) A v & =2 DGR
O EEICNFRLER L CER SN TV 5. BTk T —
213 GIS 57 —4# (IZmap Townll 2013/14 4F | IR
BASHE U V) KVERT S, GIS T — XTIkt
WO IRICIEAES WS DT — Z BWEEN TN D, ARHF9E
TIHEINE 10m A v ¥ 2 TRYY, BYRdH D L HE
ST 7 Y v FIZBW TR B L e 2 k- b
@ (Figure4) #{HEfH9 5. Figure4 ® X 512 10m, H L
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Figure7 Changes of surface temperature at a typical summer day
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Figurel6 (a)radar reflected intensity, (b)vertical velocity, (c)Vertical vorticity, (d)Q at 5min
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Figurel7 (a)radar reflected intensity, (b)vertical velocity, (c)Vertical vorticity, (d)Q at 10min
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Figurel8 (a)radar reflected intensity, (b)vertical velocity, (c)Vertical vorticity, (d)Q at 15min
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Figurel9 (a)radar reflected intensity, (b)vertical velocity, (c)Vertical vorticity, (d)Q at 20min
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Figure20 (a)radar reflected intensity, (b)vertical velocity, (c)Vertical vorticity, (d)Q at 25min
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Figure22 Rain rate from radar observation
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Table3 Surface parameter
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Sea 0.0001 1
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Figure24 Altitude and floor number (L) , Converge ratio (R) at 60m grid
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Figure25 Vertical velocity and water mixing ratio at 20 min
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Vertical velocity and water mixing ratio at 30 min
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Figure27 Vertical velocity and water mixing ratio at 60 min
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Figure28 (a)Cloud woter mixing ratio, (b)Radar reflected intensity

(c)Vertical velocity, (d)Vortex tube (Q) at 15 min
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Figure29 (a)Cloud woter mixing ratio, (b)Radar reflected intensity

(c)Vertical velocity, (d)Vortex tube (Q) at 21 min
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Figure30 (a)Cloud woter mixing ratio, (b)Radar reflected intensity

(c)Vertical velocity, (d)Vortex tube (Q) at 25 min
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Figure31 (a)Cloud woter mixing ratio, (b)Radar reflected intensity
(c)Vertical velocity, (d)Vortex tube (Q) at 45 min
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Tableb Surface parameters

Land use Roughness length z, Efficiency of evapotranspiration £
Urban 0.05
Mountain 0.3
Sea 1
Glass 0.3
Buildings  (only Case®) 0.05
Road  (only Case®) 0.05
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Figure32 Horizontal averaged potential temperature at initial and 2h
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Figure33 Horizontal averaged water mixing ratio at initial and 2h
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Figure34 Vertical integrated Cloud and rain water mixing ratio [glkg]
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Figure35 Different between @) and @ of vertical Integrated
(L)Cloud and rain water mixing ratio[g/kg]
(R) vertical velocity [m/s] (from 1km high)
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Figure36 Vertical velocity[m/s] and diffusion[/s]
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ratiolg/kg]
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Figure37 Different between () and @ of vertical Integrated
(L)Cloud and rain water mixing ratio[g/ke]
(R) vertical velocity [m/s] (from 1km high)
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