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Analysis of the Formation of Vortex Tube and Thermals Above Urban Area by Urban Meteorological
Model Based on Large Eddy Simulation
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Synopsis
Convective genesis is subject of our research. Some researchs suggest that urban heat
and shape affect the convective genesis. The aim of this reasearh is understanding
which factor is the most strong on the generating process. 2 patterns of simulation by
using urban meteorological model based on large eddy simulation is conducted. As a
result of this sensitivity test, the effect of urban heat is greater than the effect of urban
shape. In addittion, Multi-sensor observations are being performed in Kobe City.
And in this research by comparing the result of simulation with observation (wind
profiler, doppler lidar, and radio sonde) validity of simulation result is verified.
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release point. Created from Google map.
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Fig.6 Potential temperature calculated from radio sonde

(2 points) at 9:00(JST) on August 21, 2018.
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Fig.7 The north-south wind calculated from the radio
sonde (sea side) at 9:00(JST) on August 21, 2018.
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Fig.8 Comparison of the temperature from meso

objective analysis data and radio sonde data.

Light blue: sonde data Blue: created from MSM-GPV.
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Fig.9 Calculated from radio sonde at the release of
9:00(JST) on August 20, 2018

(a) Potential temperature (2 points) (b) South-North wind

(sea side).
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Fig.10 Calculated from radio sonde at the release of
10:00(JST) on August 21, 2018,
(a) Potential temperature (2 points) (b) South-North wind

(sea side).
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Fig.11 Calculated from radio sonde at the release of
11:00(JST) on August 21, 2018,
(a) Potential temperature (2 points) (b) South-North wind

(sea side).
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Fig.12 Calculated from radio sonde at the release of
12:00(JST) on August 21, 2018,
(a) Potential temperature (2 points) (b) South-North wind

(sea side).
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Fig.13 Calculated from radio sonde at the release of
13:00(JST) on August 21, 2018,
(a) Potential temperature (2 points) (b) South-North wind

(sea side).
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Table2 Main element of BLR

BB 3 ;
(Operational Frequency) 1.3575GHz / 1.290GHz
FPITF FI2547 - T7x—=XF-T7bA
(Antenna) (Active Phased Array)
PUTIRNE ;
(Antenna Gain) =>30dEs
E— LK1 (Az,Ze)=(0°,0°), (0°, 14°),
(Beam Directions) (90°,14°), (180°,14°), (270 14°)
R R i AR
(Plarization) (Linear)
E—2U%Eh
(Peak Power) > 2000%
58S
(Average Power) >100W
JOLRIE 333ns, 666ns, 1000ns, 1333ns,
(Pulse Length) 2000ns, 2666ns, 4000ns
}be'ﬁtgg LIEH 50, 80, 100, 120, 150, 200 s
JOVR AR (1),2,4,8, 16 bits
(Pulse Compression) (Optimum Complementary codes)
MEEH
(Noise Figure) <2048
FAF=w oLy
(Dynamic Range) >60dB
de—L> b LIS
(Coherent Integration) Variable (< 200)
FFT s

(FFT Points) 64, 128, 256 (default), 512

B R
(Power Supply) 1¢-200V
EERE -30CT~50C
(Operational Temp.) (@443 (Outdoor unit) )
> 90m/s

iy @14
(Wind Durability) (B-thd (moment) )
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Fig.14 (1) No RIM, (2) With RIM(a) Radar intensity, (b)

Doppler velocity, (c) Time series of spectral width.
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i

Fig.15 BLR observation data on August 21, 2018 radio

sonde release.
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Table3 Main element of doppler lidar(3D Wind

2.5
— #WHAEER Doppler LIDAR WINDCUBE 100s/200s/400s, User
) —  BRIBER Manual, Leoshpere)
— LEOSPHERE WINDCUBE 4008
E BRLSAmO 7 A =7 L —Y =AW Ky 77— & —
1 5 R¥wVRAT  IVFLR TL¥ER Ly ISRE 75m,100m,150m.2
— - REx o=y 00mERT]
= Z¥¢>E—F  PPURHUDBSLOSO®E  7AZ 7 LML Y I# ~240
00 SEbY BENER 150m.200m,300m,
o] 1 AhIBENGE 00 ~360° 400m
] DAENEE 10 ~190 RAHNEHS ~ e
I mESRE 0.1° 14km, ~14km
FAYT AT or Fy77—2EAERE <0.5m/s
0.5- E Fy75—BRHELE -30m/s~30m/s
: SRR 05s Lk
X
T T T T -
8 10 12 14 16 18 20

Fig.16 Water vapor mixing ratio calculated from

release radio sonde on August 21, 2018. (2 points)
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Fig.17 Water vapor mixing ratio calculated from release

sounding sonde on August 21, 2018. (2 points)
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Fig.18 Observation figures on August 21, 2018 by
Doppler lidar. Left: PPI scan Right: RHI scan in the

boundary layer radar direction.
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4.2 BHIBHE BRI RBR DR

AHETIXA T OBANE LR R O L 54T 5
TeOH TG 2 B E R OS2 EE L2220
EEBREITV, ZOFBRBEECREEMICED LD
REE L RIET ARy bu—L T b il LT

P —

179 .

4.2.1 EREBRRTE

AKEICIT 5 RS RERITE L T2 % Table. 412 /R 7.

FTOa > br—F (LU T Crun)liE&l i ok, A
THER, #WMHHRE AL G2 HEEITom. K&
TIEZOCrunZ FEARGHE & U CHEMITEZ4T 5. &
IZ@NO_BUILDINGS(NB) C I # 1 D B4 12 4k D 2
REELSTTOBHOFESETRTCOmE Lz, K\
B, NTHEUICrunTH Wb o L [RED EIRE
A, EREESMEHCTETREICEZS. O
NO_HEAT(LA FNH) TIXHE T O WK & 2D R
DOHEZERL, NLTHBIE 2T, RmRED L
ELTHZx%., MiFRE /T A —H[ITable.5O L 5 I
BIE LT,
FFOMOERZTICE L TUT THHT 5.
FPRAEERIIM IR AEILRTH Y, HREE
W AT, &V D BHFIRIC T T B (Fig19). £
I TIHESDERNETHICEE LTV DiER
100 mEA F 28 & L, 100 mEA Eo#fdiixilit e L
TEEREH 2 TWD.
T RBIZ oW T, AKRFEHFEITIE60 m, SHE T HIC
ARy FEE, 4~60mE Uiz, EITHNE, B
Jb, BEF I ONEIZ198 X298 X 100% & ¥, Fig.199
AN AR E L. RO E LT, FHIC
B#+T2HDOREEZ &L, ThUszs & Lz, 2017
E8AI8H DOFFTI2N 2 WM & LT, 3 oFt&E
EiTol. MWLM LT, B, BECKST
MSM-GPV @ W) Hi il & e R - 22 B4 L 7= 2R A 12012
B AKFE—EOMEE 5 %2, MR EEKOR
N AL D MSM-GPV O 5.0 W) B & R[5 %) L
HDICHONWTEE] kmOEE] kmE V & EET
F—E, 1kmEX VIRWEE TIX/7RANCHED & LT
5z 7= (Fig.20) . BESSAFIT PG 23 free-slip,
DWABESR, MBS TER L Lz, mEillomAE
RCimEibE, EOEEEL, BELERKORAZ
RKET D 72 LR O FIHHE T v 72 MSM-GPV &
ROKEKIRA OB A (Fig2l) ZAMEE L
THWE. 72, SLRE RS 2 72O IR O
BiLE 5 2 7-.

Table4 Experiment setting

BT 2 5 8
NTHER, H i R iR 54 & 0

(Dcontrol run

TR A 8 L7
No buildi
@Nobuildings , . un ity R ERIE S 11 > ¥
VL % (LT 25
o heat R E R A LB E

N Lz B 2 720

TableS parameters in calculation

-+ HF WERz,  AEHDE B
#fi 0.01 0.05
Ui} 0.5 0.3

0 0.0001 1
R 0.01 0.3

(a)

mountain urban sea

Fig.19 Calculation area (a) Elevation (b) Land use (sea,

city, mountainous area).
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Fig.20 Calculation initial value (a) South-North wind (b)

temperature (c) water vapor mixing ratio.
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4.2.2 BEER~NDEZEDOWREL
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Fig.23 Sensible heat flux above city area. (a)Crun, (b)NB,
(c)NH.
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Fig.21
mixing ratio and rain water mixing ratio over city area
(T=3600s~10800s).

(a)Crun, (b)NB, (c)NH.

Vertical integrated time average of cloud water
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Fig.24 Surface wind velocity above city area. (a)Crun,
(b)NB.
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Fig.22
above the urban area at T = 7200 s.
(a)Crun, (b)NB, (c)NH.

Comparison of updrafts at an altitude of 120 m
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Fig.25 Horizontally averaged above city area (a) TKE,

(b) altitude distribution of potential temperature.
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4.2.3 BEERA D =X LOERH

FE 51%(2016)X/8 KMPL—F D K v 7 F —ik
BE& W= ENTIZ LV, Joseph B, Klemp(1987)72 &
THEITF LD A== VO ZEMIICALS LD
BB ENY (Fig26) L RHEOHEENF Y 7 ZEH
EHLTOTHEAEBEICBVW LR TES A2 L
7. KFEOBRO—20n, Z0F Y FERE L
DI EELEDORAERNCEIT 2 LA & MoBERIZS
WTBITHE LR, WRLE LDV O ]k
BT HILIlH D, AHITIECrun TOME D4
FRICBE U CEICHEEAERNTER S 2oV T
FENT 24T 5 .

Fig.26 Vortex tube rise at the early stage of supercell
development (a) Vertical shear of horizontal wind creates
a vortex tube with an axis in the horizontal direction. (b)
When there is an upward flow, the horizontal vortex tube
is lifted, and a pair of vertical vortex tubes with positive
and negative vorticity is formed on both sides of the

upward flow. (Rotunno, 1981)
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! Z[Gxi 6xj] (n
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! 2[8)(,. 6xj] (12)

KO TR o mlisER & OFRr2E L, QENE
DOHFE, OTHICH L CRERENKE VW L2
T, Fo, “EBEOENORT Vo FEX%E2%E 2
% &

v’p
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2p,

(13)

L7220 QP ER BIXES AL TIT M & 22 0 ARE T
MWEEHHT 22N TED. 2 OQMEILALIANTIZ
BV CEESED) (o lomfiE 2 20 LiIXL
FAHWLRTNWA(EN L, 2000)).

Z Z TlXCotton et al(2010), Rotunno(1981), /NE
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=Q-Vw.
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D LA 5 T TE AR S 40 (b)T=4320s TId Z O
FERFMUCTANR D 5 EF L TWE, ()~(DIZHT T
SREL S OV e S B RE L, (HT=5100s TIIHE4A
FRIZE - TV D, RICFig.281ET=5100s, & E 5 FE K7
HCOREMEELZELTEY, X=7.2kmE E400m~
800m!Z IE A DENELIRE DT NHERTX D.

— 480 —



(a) (b)
Height [km] 4230(s) Height [km] 4320(s /2]
 IPX eesum—— = 1.2555s5vrvyvrenl O, s
bosssrrrrrvis @ gl onunsss bassssrrrrrreilly e
1 “‘4 T‘ 1 YN\ 0.0001
bsssss355>r774> Q‘-' P N e T e (RAR AR
0.8 2223333333352 A"’a 0.8 2233333333323 (1> e
N N 7e-05
passsssssananrsrPrart e S CCCCTE SN S S
0.6 dsssssasunnunssasrissyastad] 0.6 hssssssasasusisungrsrrvsdhy
s e 1 -
55393333 auununs? 7323314 suy R e S ST A Ty
0.445535555555%
perrrsassany 1e-05
|
0.2
[km]
() (d)
Height [km] 4470(s) Height [km] /52l
12550 rrrrrrs sy 1.2 8
FETUTRe—
N
RGN , TN ! 0.0001
RN
N . o e
0.8 ! 0.8 7605
basssssssuunssssayysrrassss
0.6 15555555 sumunissunps»rrrrs] 0.6
St “s 05
bsbsssssinsus R ST
0.4 hsssrrrraan - b 0.44,
Mle-05
0.2 4 0.2
3 I
4 8 8 [km]
South North
(e)
Height [km] 4800(s] Height [km] 5100(s] (/-
IS eereemm—— Y e ——— LR
.
bssssssrprrrvoisausvaa??? N, b>3>535555>52aa0 77k A7
1
bassssssssrsrnysans sl 777 bassssssasarsrrsrrrsbiarary [ O-0001
0.8 -)-io-)«)-)«)»»*»*;)v»bn)»v"ﬁ”"’ 0.8 Prrraaasasanandr 7775 ) Tra
- - 7e-05
passsssssasusassafirrrrrray e S e ey G
(L) ] SESOtRR— 0.6 5335555 5uauns | P
[ SRTC— Barossssmsssmnng o >4
0.4 55555535550 ans 0.4 155555555 mmmwwsn b s R 254
e = = SR 3333333 suunuwaaa >54 1e-05
pr>>>3>2>33aununn Po233 >33 uny e 74
0.2 £32T2 SN 0.2 B3 NI
4 5 7 8 4 8 [km]
South North South North

Fig.27 Temporal variation of Q index in the vertical

north-south section, light-blue contour represents cloud

water mixing ratio, gray part represents building, and

brown part represents topography. Also, the vertical flow

is emphasized threefold.
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Fig.28 Vertical vorticity in the vertical east-west section,
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Fig.31 T=4620s, (a) vertical vorticity, (b) horizontal
vorticity, (c) tilting term, (d) telescopic term at Vertical
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Fig.33 T=5100s, (a) vertical vorticity, (b) horizontal
vorticity, (c) tilting term, (d) telescopic term at Vertical

cross section
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Fig.45 Comparison of Q index (3D image) (a) Crun, (b)

Fluctuating wind calculation
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Fig.51 Target area camera image at calculation target

time.
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Fig.62 North-South cross-sectional time change of
updraft in the case that led to cumulus formation. The

light blue contour is cloud water mixing ratio.
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Fig.63  Vertical gradient of potential temperature in
the same cross section. The positive part represents the
stable layer. The purple circle is the leading updraft, and
the updraft for the green circle. The light blue contour is

cloud water mixing ratio.
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The light blue contour has a cloud water mixing ratio.
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