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Discovery of Thermals Breaking through Atmospheric Boundary Layer by Urban Meteorological Model
Based on Large Eddy Simulation and Boundary Layer Radar
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Synopsis

It is aimed to analyze under what conditions the thermals generated by the heat and shape
effect of the city breaks through the atmospheric boundary layer to generate cumulus
clouds. Using the urban meteorological Large Eddy Simulation model, the thermals over
Kobe City were targeted. As a result, the validity of the model was also assessed using the
boundary layer radar. Two factors were confirmed on the thermals which break through the
atmosphere boundary layer. One is strong thermal buoyancy, and the other is elimination
of the stabilizing layer by another thermal. In addition, the relationship between the thermal
and the vortex tube is also suggested, and further analysis will be carried out in the future.
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Fig.3 Nocturnal characteristics of boundary layer
(Roland, 1988 ; Markowski et al, 2010)
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Table 1 Specification of urban meteorological model

based on Large Eddy Simulation
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Fig.4 Turbulence and heat / water vapor transport by
urban effects, and
Conceptual diagram of vortex tube formation in cumulus

generation process (Yamaguchi et al.2016b)
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Fig.5 Time series in surface temperature on sunny days in summer (Yamaguchi et al.2016a)
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Fig.7 Boundary layer radar data from 10 o'clock to 11
o'clock on September 7, 2017. Red represents upward

flow, blue represents downward flow.
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Photo 2 Picture of surveillance camera that took boundary
layer radar direction from Kobe International University
at 11 o'clock September 7, 2017
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Fig.9 Boundary layer radar data from 10 o'clock to 11
o'clock on September 7, 2017. Red represents upward
flow, blue represents downward flow. Because of rainfall,
it has not been possible to observe upward flow after
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Fig.10 Data of the sonde at 6 o'clock ((a)-(c)) and 11
o'clock ((d)-(f)) on September 7, 2017
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layer radar direction from Kobe International University
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Fig.12 Boundary layer radar data on August 17, 2017

Red represents upward flow, blue represents downward

flow
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Photo 5 Picture of surveillance camera that took boundary

layer radar direction from Kobe International University

on August 18, 2017
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Fig.13 Boundary layer radar data on August 18, 2017

Red represents upward flow, blue represents downward

flow

Photo 6 Picture of surveillance camera that took boundary
layer radar direction from Kobe International University
on August 18, 2017
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Fig.14 Boundary layer radar data on August 18, 2017
Red represents upward flow, blue represents downward
flow

0%, HEREL—F— BB T REEETE
FAWMBREER T TDENEI hERT.8A17H,
18 B &b EFMmA RTINS, L0 87 18 H
13 0§ 15 530 EFHA B2EE TRE T Tz, £
ZT, AT THEOEENRRONIZZ & LERE
L= —TEHA E2EETREHRT TN En
5, 8 18 H 13K 15 N &M OMGE LT D, T
7, AENL 2017 458 A 18 H 12 Rgh b & 3t R O Xt
gL L, MTEITS.

3ILES ETIDHEEZHEDERTE

BREL—F—PREREBIN TV IMHATHERX %
LM 2N RICHEEIT Y. BT HRIEAKE)
B 60m, SREGAICITMEEIEEMNL, £
ERELSRBIZONTHLI DL IICA MLy TF &

, 4~60m &35, FHEEBIZLA - 1 52017)
DIATHIE L 1T R0, #HEEZHKI LTS, Z0D
LKL DR TORFEDOREN 2N L IR
LCHY, M. F-at R s g
L—F— (L EFE L D & &b ICH AR A O
D THDH. HE, B, SEOIEIC X,Y,Z & LIS
T % 198x298x100 7'V » K& Y, Figl5 &/ T
11.88%17.88x4.871 k m DA fEIK & 3 5.

Google Earth

11. 88km

Fig.15 Calculation range and land covering

2017 48 H 18 A 12 & MMMl & LT 3 R oD
Ba4T-7-. 72, Fig.16 IR T XL 9 IR ST MSM-
GPV o7 — % ZRAWT, bR, Eh, KEKIES
P E RIS SE S RABS B2 2 ENE 2 T 5.

o Ll |
300 306 312 31834 0

Fig.16 Initial value of model Wind speed (a), Potential temperature (b), Water vapor mixing ratio (c)

— 458 —



mE AL BV OB Ui BTV MSM @ 1 s OfE
Z REI N O HIHIE & RABFREICH N TWS. Zh
BEBOREZ 52 THIFSZ LT, LoBERC
TWREUREZED, BOFE ST 72 EOFETH
FEIZHWELROEEEZH -2 bDOTH D, BALICH
L CHBIR PN o W1 fE & mE 4 o B8 7 00 A BE B IS 1
BERNOMSM OFT — & K EEE Limb 0 b %,
Flo, B TOT P REBEHEHE X THASETNS.
INEFNRER—varEE XD L TIRORBAES
Hol=l2bThd. 7=, KRKIBEALIZEL TIX
FEIEN O WIHIMEIC B L CIEfEIN O MSM 5 — #
EAREEE LI b 0E 2, WMAERMEICE L TiX
BRICKBIIVWI AOEEZZOEEEZ TS, £
OEH X, MEU»DORMEAREKOMAEZIR 27
HTHD. BYORL, BAOFERE O T ORI
HHE2EICHLDALDOERE—OHREE L. £, &
FEIIHEOFRLFUE CHEICTHEZ TS Z L %
HEE LTBLY, TF ML > THESO EHF
DEMBEN TN L0 EHERTIRELT 5.

34 ETILHORSEDHHEBMERRD
i

ARHFGENZ I 2B EF IR O A DO RS & =37
I, £F, ABEICBT A REABOR#METT.
Fig. 17 X3 BAAS 0 ML O TSR © 5.28 kmlZ BT 2
FA AL i OIRAL OEREABLTH D . EERK 600m <
LWE TIHEMEARNZIIZERE 20D, @E
Lkm&H720 225 1.5 kmd 7= 0 IZHMF T 4K/km %88 2
DWMLIEBNIFET 5. £, THEYV EZETHE
E LA &) EMHE L.

Ols] i/

2. :

5 4
_ 2. 2.4
€ 1.
= : 0.8
W 1. 0.8
2 0. —2.4

0.

0. —4

6 9 12 15 [km]
North
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Fig.18 Vertical shear of wind speed in north - south

vertical section. Vector is a combination of north-south
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Fig.20 Horizontal cross section of thermal upward flow
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Fig.23 It shows a horizontal sectional view of the upward

flow. The square part of the gray represents the building.
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Fig.24 Thermal buoyancy in the north-south section
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Fig. 25 Boundary layer radar data on August 18, 2017
Red represent upward flow, blue represents downward

flow
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Fig.27 Vertical gradient of potential temperature
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Fig. 43 Time series of the north-south section of the upward flow ((a) to (h)) that break through the boundary layer and

the thermal buoyancy ((f) to (j))

(a)

Fig. 44 Conceptual diagram of rising of vortex tube

Positive vortex

Negative vortex

(a) A horizontal vortex tube having an axis in the horizontal direction is formed by the horizontal wind vertical shear

(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
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Fig. 45 Vertical vorticity in the east-west section

Upward flow (D that breaks through the boundary layer
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Upward flow @) that breaks through the boundary layer
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Upward flow @ that breaks through the boundary layer
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( b) Q Negative vortex

Fig. 48 Rise of the vortex tube when wind speed shear
differs in the vertical direction

(A) Horizontal vortex tubes having axes in the horizontal
direction by different horizontal wind vertical shears are
formed in two reversed directions of rotation

(b) When there is an upward flow, both the upper and
lower horizontal vortex tubes are lifted and two pairs of
vertical vortex tubes with positive and negative vorticity

are formed on both sides of different rising flow positions
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