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Structure of turbulence in the urban mixed layer
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Abstract: Turbulent motions in the atmospheric boundary layer (ABL) control the exchange process of
momentum, heat and other scalars between the surface and atmosphere. The turbulent characteristics in mixed
layer are considered to follow their scaling law, however, its validation might not be enough since the number of
the direct measurement in mixed layer, especially in urban area, is much fewer than in the surface layer. Therefore,
we conducted a Doppler lidar measurement to investigate the statistical and structural characteristics of ABL over
urban area. A Doppler lidar (Ishii et al., 2010) is stationed on the rooftop of National Institute of Information and
Communications Technology (NICT)’s building at Koganei, Tokyo. This experiment was carried out on 21
February 2010 during 12:50-13:30 JST. The vertical distribution of the vertical velocity was measured above 150
m from the ground with a constant interval of 76 m. The datasets of the vertical profile were output every 1
second. The potential temperature (PT) profiles were also measured by radiosonde on 12:00 and 14:00 JST. Then,
clouds were covered at about 1.5 km above from the surface, and thermal instability was unstable. Vertical
velocity spectra show two dominant time scales; one is about 14 minute which is observed from the ground
surface to 1.8 km above, and another is about 1-4 minutes which is observed from the ground surface to 1 km
above. Higher frequency motion would attribute to the individual thermals, whose vertical extent is corresponding
to the ABL height determined by PT profiles. Lower frequency may be reflecting the impact of the organized

structure of thermal cells, which propagates into the capping inversion as gravity wave.
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Fig.1 Time-height cross section of vertical velocity fluctuations on 21 February 2010 during 12:50 - 13:10

4. BERESE LERBNILRER7—ILOBEER

3. R LIZHLiAE 2 X D IC R A 72012, &&
FECORERIIT—Z 22T, AT MU 1T -
72. ZD BN ONDEETDANRY N VFRHTHE R
Z Fig. 2\ 9. BRI, MG IR S
T LIV —Thb. 728, SREITOEE A7
—/Lw+lE, Lenschow et al. (1980) izl L v
HeE SN BHEH L fEE v Tn .

2 2/3 2
T I.S(ij (1 - o.xiJ (1)
Wi Z; Z;

ZZT, ow!IAEEESE (m2s?) , z 1 3ESNER
B (m) , zIZEE (m) THo.

Fig.3 1%, ABHNC L 2 E0EF BB O R 5Am % 2
WD 274w T 7 LR THSH. ZED, wid
1.3 m/s, 7T 1.8km EHEE I T~

Fig.2 £V, #1 EfHED5HEE 1.8km (12T, £
14 43E%1 (0.0012Hz) OZEEhNEBL TS Z &M
s, £z, BE 1km LY FETE, 1~4 45
HOZEENZ e — 7 BRONDD, EDTRI/L X —GHEE
VBB L7AREROZn L 0 k&<, & 1.3km
X0 EAF TR T LTS, ZOEEROLSE)
NI —~ VOB LB X B, FOREN LS
B (#9 1~1.83km) 1%, VT OIRAT AR DHEE
NoEREREE (1~1.5km FE) HIEFHELVL. —
7, IREEAANZ R S A EEENE, Ex o—vv
IR E L7=b o tEZ BN, K0 EEE LN
DNDDIX, FOENEEE LT EBORERN
Ao - b D e EN S,

i

5. F&®

HORCER/ MBI C 2010 4F 2 HIZSEE L= Ry 77
— T A K —% T BB A2 e L. B
BT DAY NIVHTRER DO, Hi A5 e
1.8km ([ ZEDH 14 3 JEAM0ZESh &, SE 1km LV T
JEZET D5 1~4 JEEOZE ) HER Sz, &E
WAOZSEN IEH 2 D —~ LD L EZ 2 B, 0
SO R TR AR DHEE S =B fU s &

I1S(F) Wt

13:20

13:30

0.1

KIF—E L= %
7o, ARSI DZE
& DH—~
IVHSKERRAL L 7oA
HkarbnlE
2o, FOFE
WEFEE LT
JE DL ERENIT E
Tlabholzbn L
HeE SN 5.
A1%0%, B2
REOFE L,
KRG DI %
TEban T, %
B & B
FOBIRMEE LV
FECIRR D
ERBD.

A TRV
T 2T n—3K

oo
f (H)

2[YT T

a5

LA LA B A B

* Observotion
— Lenschow et al.

(1980)

We = 1.30 {m 579
Zi = 1800 (m)

0.0

0.5 1.0 1.5
o) (m® 7%

Fig.3 Vertical profile of vertical
velocity variances

134 B R RERKIBERIFFE o 2 — 3 0 THRAR =720,
RO 2 | ZFE L ClifE A9

* SEXH

Ishii et al., 2010: Appl Opt., 49, pp.1809-1817.
Lenschow et al., 1980: /. Atmos. Sci.., 37, pp.1313-1326.



