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TURBULENCE CHARACTERISTICS OF WATER VAPOR
FLUCTUATION IN THE ATMOSPHERIC
BOUNDARY LAYER

By Osamu TSUKAMOTO and Yasushi MITSUTA

Synopsis

Turbulence measurements were carried out on the 213m meteorological tower in Tsukuba
Science City. Water vapor fluctuations were measured together with temperature and
three dimensional wind speed components at 25, 50 and 100m level of the tower. Vertical
coherence of water vapor fluctuations show the form of exponential curve and the decay
constant was evaluated as k=5. Power spectra of humidity fluctuations and cospectrum of
water vapor and vertical wind component were obtained. The peak frequency decreases
with increasing the height of measurement. The variances and covariances of water vapor
and vertical wind component also decrease in the upper level The similarity between
humidity and temperature was very good in convective condition for each level.
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Table 1 Results of observation

Run NO. 8201-1 8201-2 8202-1 8202-2 8204-1 8204-2
Start Time 13:10 13:50 14:47 15:27 18:16 18:56
(27th. Sep. 1982)

Duration (min.) 35 35 35 35 35 35
WD (deg) 193 192 191 192 192 192
U(m/s) 5.9 5.7 47 5.6 6.8 6.7
0, (m/s) 0.77 0.70 0.73 0.65 0.58 0.54

g | ot 0.7 0.61 0.59 0.45 0.39 0.37

S | 6:(°0) 0.198 0.170 0.147 0.114 - —

T gy (g/ke) 0.207 0.157 0.188 0.129 0,258 0.239
TW (m/s)?) ~0.128  —0.0205  —0.127 0.0388  —0.0040  —0.0308
W (m/s°C) 0. 0684 0.0468 0.0363  —-0.0088  —0.0225  —0.0160
WT (m/sg/kg) 0.0768 0. 0486 0.0605 0.0112 0.0151 0. 0059
7,(m/8) 0.96 0.77 0.89 0.77 0.74 0.63
6. (m/5) 0.66 0.61 0.52 0.50 0.45 0.40
02(°C) 0.241 0.203 0.166 0.115 0.145 0.155

§§ 0,(8/K8) 0.165 0.140 0.118 0.116 0.088 0.099
TW (m/s)?) —0.229  —0.121  —0.183  —0.0737  —0.0742  —0.0586
W (m/s°C) 0.0799 0.0598 0.0431 0.0063  ~0.0208  —0.0164
T (m/sg/kg) 0.0446 0.0326 0.0085 0. 0196 0.0145 0.0119
6,(m/s) 1.34 1.16 1.24 1.00 0.79 0.67
6, (m/S) 0.75 0.75 0.59 0.62 0.44 0. 44
02(°C) 0.327 0.253 0.184 0.141 0.189 0.207

8| ate/ke) 0. 430 0.329 0. 436 0.260 0.359 0.327
TW ((m/s)?) —0.401  —0.311 0.308  —0.211  —0.0831  —0.0960
T (m/s°C) 0.111 0.0752 0. 0494 0.0136  —0.0271  —0.0279
T (m/sg/ke) 0.147 0. 0941 0.124 0. 0599 0. 0369 0.0170
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Fig. 2 An example of time histories of the cross product of vertical wind component and
specific humidity fluctuation, and the fluctuations of both components for each level
from the top to the bottom.
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Fig. 4 Typical cospectrum of vertical velocity and specific humidity for each level. Open
circles at 50m level show the data of psychrometer.
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Fig. 5 Root-coherence and phase lag between temperature and specific humidity at each
level for unstable condition.
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