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Fig. 1 Time-height cross section of streamwise velocity component in the horizontal plane (u) observed by Doppler

sodar for part 1 on Dec. 8, 1998 at Shionomisaki. Time series of the same component of velocity measured by sonic

anemometer is also shown in the lower part of the figure. Arrow denotes the time scale of 200 s, dashed ellipses denote

typical large-scale regions of high-speed velocity
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Fig. 2 Conditionally averaged wind pattern on a time-height cross section centered at the time of the detected events
(0's). This is constructed from the data observed by Doppler sodar on Dec. 8, 1998 at Shionomisaki. Contours denote

normalized u’ values, arrows denote normalized w’ values
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Fig. 3 Same as Fig. 2, but for other cases: (a) Nov. 17, 1998 at Shionomisaki; (b) Dec. 10, 2001 at Shigaraki; (c) Dec.

15, 2001 at Shigaraki
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Fig. 4 Time-height cross section of wavelet coefficients for the streamwise velocity component in the horizontal plane
(u) observed by Doppler sodar (upper figure), and a time series of wavelet coefficients for the same component of
velocity measured by sonic anemometer (lower figure) on Dec. 8, 1998 at Shionomisaki. Red area denotes regions in
which the wavelet coefficient is larger than the threshold value, and red bars denote periods in which the wavelet
coefficient for sonic anemometer data at 20 m is larger than the threshold value
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Fig. 5 Variation of number of high-speed turbulence
structures with the threshold value for wavelet
coefficient in the case on Dec. 8, 1998 at Shionomisaki
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Fig. 6 Time-height cross sections of wavelet coefficients for the streamwise velocity component in the horizontal plane

observed by LTR (upper figure) and Doppler sodar (middle figure), and a time series of wavelet coefficients for the

same component of velocity measured by anemometer with wind vane (lower figure) on Dec. 10, 2001 at Shigaraki.

Red area denotes regions in which the wavelet coefficient is larger than the threshold value, and red bars denote

periods in which the wavelet coefficient for anemometer data at 17 m is larger than the threshold value
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Fig. 7 Comparisons between average values of u’w’ in
high-speed turbulence structures (a) and overall average
values for the entire analyzed period (@) on Dec. 8,
1998 at Shionomisaki. (a) Based on regions delineated
by Doppler sodar. (b) Based on periods determined by
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Fig. 10 Profiles of flux fraction of each quadrant by

Doppler sodar above 75 m on Dec. 10, 2001 at Shigaraki.

Values are normalized with respect to total u’w’ at a
height of 75 m
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Fig. 11 Time-height cross section of the streamwise velocity component observed by Doppler sodar (upper figure),
and a time series of the same component of velocity measured by sonic anemometer (middle figure) from 1132 to
1159 LST on Dec. 8, 1998 at Shionomisaki. Instantaneous u’w’ values for ejection and sweep motions based on sonic
anemometer data are also shown (lower figures). Dashed ellipses denote typical large-scale regions of high-speed

velocity

B

BN B LT, R ) FEBR AT & A= AF BB R AT (24
BT = ERB R 2 —) OFx, () &
AT a— Y =y I PRI BN R B R RS LA 7D
CHBEB A W, £, BRI R T DB,
SCEVEEA B R A A BY G AR SR (C) TRARBR
SIBIZ BT 2 ELE o ZE G & & OREFE R ICB
LWRE] (GREERE S 13640437) OB %% FEiE S
Nz, ZZIKCRLTHELZET S,

& Xk

WOOLE - Mk & - AEEEEE (2003) : FNLEE
REEDORKEENE BT MM ELIEE (5 2
W), RURRRZERL AR SRR, #2546 75 B, pp.
469-477.

Corino, E.R. and Brodkey, R.S. (1969): A visual
investigation of the wall region in turbulent flow, Jour.
Fluid Mech., Vol. 37, pp. 1-30.

Gao, W., Shaw, R.H. and Paw U, K.T. (1989):
Observation of organized structure in turbulent flow
within and above a forest canopy, Boundary-Layer
Meteorol., Vol. 47, pp. 349-377.

Hayashi, T. (1992): Gust and downward momentum

transport in the atmospheric surface layer,
Boundary-Layer Meteorol., VVol. 58, pp. 33-49.
Kline, S.J.,, Reynolds, W.C., Schraub, F.A. and

Runstadler, P.W. (1967): The structure of turbulent
boundary layers, Jour. Fluid Mech., Vol. 30, pp.
741-773.

Lin, C.-L., McWilliams,
Sullivan, P.P. (1996):
dynamics in a neutrally stratified planetary boundary
layer flow, Phys. Fluids, Vol. 8, pp. 2626-2639.

Rao, K.N., Narasimha, R. and Badri Narayanan, M.A.
(1971): The ‘bursting” phenomenon in a turbulent
boundary layer, J. Fluid Mech., Vol. 48, pp. 339-352.

Moeng, C.-H. and
structures and

J.C.,
Coherent

— 463 —



Observations of Turbulence Structures in the Nearly Neutral Atmospheric Boundary Layer
—Summary of the Analysis—

Mitsuaki HORIGUCHI, Taiichi HAYASHI and Hiromasa UEDA”
* Acid Deposition and Oxidant Research Center

Synopsis

Turbulence structures in the nearly neutral atmospheric boundary layer observed at Shionomisaki
and Shigaraki are analyzed. Using the method of integral wavelet transform, the pattern of the
descending high-speed turbulence structure is depicted. Essentially this structure is a kind of coherent
structure which has been shown previously in experiments for the turbulent boundary-layer flows.
High-speed turbulence structures with long time scales make a large contribution to downward
momentum transfer. Quadrant analysis of turbulent motion reveals that the sweep motion (high-speed
downward motion) plays an important role in momentum transfer. This result of quadrant analysis is
probably related to the large-scale high-speed turbulence structures.

Keywords: atmospheric boundary layer, turbulence, coherent structure, momentum transfer
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