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Abstract

   The results of turbulence measurement on the 213 m meteorological tower using sonic anemo-

meter-thermometers, thermocopule  psychrometers, Lyman-alpha hygrometers and an infrared hygro-

meter are reported. The main part of the obseravtion was continued for 23 hours and the time varia-

tions of statistics of turbulence in the planetary boundary  layer are analysed. 

   Heat balance at the ground surface during a day is studied assuming the ground heat flux as a 

residual of heat balance equation. Budget equations of turbulent kinetic energy, temperature variance, 

humidity variance and turbulent fluxes, w' T' and  w'q' are also investigated in the diurnally varying 

planetary boundary layer below 200 m.

 I. Introduction

   Turbulence measurements in the planetary boundary layer are scarse when 
compared to those in the atmospheric surface layer, due to the difficulties in the 
observation platform. Most of the turbulence measurements in the planetary bound-
ary layer were made on an aircraft or a captive balloon. However they are made 
on moving platforms, troublesome correction for motion of the platform is required. 
Furthermore, continuous measurement at a certain level for a long period is not 
easy. 
   Recently, meteorological towers for planetary boundary layer observation (e.g. 
Boulder Atmospheric Observatory (Kaimal and  Gaynor')) have been constructed 
at a few sites in the world. One of the high meteorological towers with the height 
of 213 m was constructed at the Meteorological Research Institute in Tsukuba, about 
60 km north-east of Tokyo in the center of the Kanto plain (Hanafusa et al.2)). The 
basic meteorological parameters in the planetary boundary layer below 213 m are 
recorded continuously by the Meteorological Research Institute. 

   The present author and his collaborators made an intensified observation of 
the atmospheric turbulence on this tower in 1983. The detailed analysis of the 
turbulent transfer processes of heat and water vapor are reported in another paper 

(Tsukamoto3)). The results of analysis of the heat balance at the ground surface 
and budgets of turbulent kinetic energy, variances of temperature and humidity, 
and turbulent fluxes,  w' T' and w'q' in the planetary boundary layer are shown in 
the present paper.
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2. Observation 

   Intensive observation was conducted for 5 days as shown in Fig. 1. The main 

part of the observation is Run 3031, that started in the evening of 30 Oct. and con-
tinued for 23 hours. The diurnal variation of the planetary boundary layer can be 
studied from the data of this run including the moisture structure. Development of 
the convective mixed layer is a most interesting phenomenon in the diurnally chang-
ing planetary boundary layer and it was observed again in the morning of 7 Dec. 
in Run 1207, without humidity measurement. Run 281-Run 322 were for the study 
of the transfer processes of heat and water vapor in the lowest 100 m layer. 

   Turbulent fluctuations of the three components of wind veloicty and tempera-
ture were measured with three dimensional sonic anemometer-thermometers (Kaijo 
Denki, DAT-300) installed on the tower at 200, 150, 100, 50, 25 and 10 m levels. 
Wet- and dry-bulb temperatures were measured with fine wire thermocouple psy-
chrometers (Kaijo Denki,  PY-100) attached to the probes of the sonic anemometers. 
However, a large amount of errors are seen in the high frequency part of the syn-
thesized specific humidity fluctuations from psychrometer data in the lower layer 
because of its slow response character  (Tsukamotoc). Therefore, humidity fluctua-
tions were measured with quick response hygrometers, Lyman-alpha hygrometers 

(Electromagnetic Research corp., Model BLR) at 100, 50 and 25 m and an infrared 
hygrometer (Kaijo Denki, AH-100) at 10 m. However, the absolute amplitude of 
the fluctuations of these quick response hygrometers were calibrated by the thermo-
couple psychrometer at the same level in the low frequency region because sensitivity 
of these quick response hygrometers is not stable enough. 

   All of the signals from the turbulence sensors were send to the A-D converter 
with sampling frequency of 10Hz and the digitized data were stored on magnetic 
tapes with mini-computer system (HITAC-20E). The block diagram of the obser-
vation is shown in Fig. 2. 
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      Fig. 1 Duration of the runs during the observation. Solid lines represent the measure-
           ments at 6 levels (200, 150, 100, 50, 25, 10 m) and dashed lines are at 3 levels 

            (100, 50, 25 m). Open and closed circles are times of the sunrise and sunset re-
            spectively, and downward and upward triangles are times of change in sign of 
             net radiation.
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                       Fig. 2 Block diagram of the observation 

   The records are intermittently discontinuous because of adjustments of zero shift 
and gain of the amplifiers. The time of intermission was reduced to less than 3 
minutes and sampling duration and averaging time were selected as 30 minutes and 

0.4 sec, respectively. It was almost fair weather except a decrement of solar radia-
tion around noon on 31st Oct. Mean wind speed was less than 5  m/s except in the 
midnight from 30 to 31 Oct. The basic data set of the observation is tabulated in the 
Appendix. 

3. Heat balance 

   The 3 hourly integrated values of the terms in the heat balance equation at the 

ground surface in Run 3031 are shown in Table 1. The heat balance equation is 
expressed as follows. 

  Q.,N=QH±Q.E+Q-G,   (1) 

   where QN is the net radiation,  QH and QE are turbulent fluxes of sensible heat 

          Table 1 3 hourly integrated values of the components in the heat balance 
                 equation at the surface in MJ/m2. The integrated values during 
                 the daytime (9 hours), nighttime (14 hours) and 23 hours are also 

                  included. 

 ^  TIME  8h -11h  Ilh-14h 14h-17h 8h-17h 18h-8h 18h-17h 
                                              daytime nighttime 23hours 

      QN 2.13  1.84 0.03 4.00 —2.10 1.90 
 QH 0.91 0.93 0.09 1.93 —0.30 1.63 

      QE 0.86  0.94 0.27 2.07 0.25 2.32 
       QG  0.36 —0.03 —0.33 0.00 —2.15 —2.15
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and latent heat into the atmosphere measured at the height of 25 m, and QG is the 
heat flux into the ground. Positive values in QN and QG mean downward flux and 

vice versa in  QH and  QE. The values of  QN were kindly offered by Teteno Aerological 
Observatory as also tabulated in the Appendix. Ground heat flux, QG, was not 
measured in the present observation but it was estimated as the residual of Eq.  (1) . 

    In the morning and around noon upward turbulent fluxes of sensible heat and 
latent heat show almost the same values, and in the evening, sensible heat flux disap-

peared quickly but latent heat flux remained upward. Ground heat flux, QG, was 
downward in the morning due to excess of incoming radiation and turned to upward 

in the evening due to remaining upward latent heat flux. As a dyatime mean  (8:00-
17:00), the incoming radiation almost balances with turbulent fluxes of sensible heat 
and latent heat, and the ground heat flux is negligibly small. The daytime mean 
values of sensible heat flux and latent heat flux near the surface was about 60  W/m2 
and 64 W/m2 respectively. The value of latent heat flux corresponds to 2.3  mm/day 
of evaporation. On the other hand, during the nighttime, latent and sensible heat 
fluxes are negligibly small and the net radiation balances with the upward ground 
heat flux. The values throughout the day show that the averaged ground heat flux 
is upward showing heat loss of 2.15  MJ/m2 for 23 hours. As the observation was 
made in the end of October, the ground was cooling gradually. 

   Diurnal change of the heat flux shows distorted sinusoidal form having its min-
imum in the early morning and maximum around noon. To describe such diurnal 
changes in functional form, harmonic analysis is often applied with diurnal and semi-
diurnal terms. However it is physically meaningless to include the semi-diurnal term 
to express skewness of the diurnal variation properly.  Azuma3) has proposed another 
expression for the diurnal variation of air temperature with four parameters. That 
is, 

    F=Fo+A sin  (cot-7 sin  (wt+s))    (2) 

where  Fo is mean value, A is amplitude,  cu=27r1D, D being 24 hours, and y and 
 € are parameters. The parameters fitted the diurnal changes of heat and water 

vapor fluxes during the day and are computed as shown in Table 2. 
   The maximum values of sensible heat and water vapor fluxes occur around 

noon but that of sensible heat flux is a little earlier than noon and that of water vapor 
flux is a little later than noon. The variations of time of maximum with height are 
not so clear for both of them. The mean values of sensible heat flux,  Fo decreases 
with height from 67.5  W/m2 at 10 m to 28.7 W/m2 at 200 m, but that of water vapor 
flux decreases little throughout the layer. The amplitude of diurnal change of heat 
flux, A also decreases with height to about a half within the 200 m layer but that of 
water vapor flux does not change with height. 

   It can be said that the divergence of mean sensible heat flux,  Fo is consumed to 
maintain the mean temperature of the air layer against radiative cooling. That is 
about 0.2  W/m3. While the vertical divergence of amplitude of sensible heat flux, 
A is consumed for the diurnal changes of air temperature in the layer. The integrated 
divergence of sensible heat flux during the daytime (9 hours) is 0.006  MJ/m3 and this
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      Table 2 The values of the parameters and times of maximum values in the formula 
              by  Azumab) for the sensible heat flux and the water vapor flux. 

    PARAMETER 200 m 150 m 100 m 50 m 25 m 10 m 

     <Sensible heat flux> 
      F0  (W/m2) 28.7 49.9 52.1 49.7 60.5 67.5 

      A (W/m2) 40.4 58.9  B0.2 79.8 88.0 92.2 
       e (rad) -0.80 -1.61 1.01  -0.93 -1.06 -0.99 

      y (rad) 1.66 1.29 1.27 1.13 1.18 1.21 
 max  time 11:10 12:20 11:25 11:05 11:20 11:15 

      <Water Vapor Flux> 
        Fo  (g/m2/s) 0.0234 0.0229 0.0242 0.0192 0.0267 0.0146 

        A  (gJm2/s) 0.0360 0.0356 0.0439 0.0285 0.0301 0.0146 
 a (rad) -1.20 -1.54  --1.26 -1.92 -1.65 -1.63 

      y (rad) 0.80 0.79 0.73 1.30 1.13 1.15 
 max  time 11:40 12:05 11:40 12:50 12:20 12:00 

is roughly equivalent to the amplitude of diurnal air temperature change. 
   On the other hand, water vapor flux distribution shows only a little difference 

with height resulting in small water vapor flux divergence. However, specific hu-
midity increased very slowly throughout the day as shown in  Fig. 3. The rate of 

 increase is about 0.11  girn3/hr in the whole layer. When the depth of planetary 
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        Fig. 3 Diurnal variations of potential temperature, specific humidity , turbulent 
               kinetic energy, temperature variance, humidity variance and turbulent 

              fluxes,  w'  T' and w'q' during Run 3031. Solid lines show the  200  m level 

              and dashed lines show the 25 m level.
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boundary layer is assumed to be 1000 m, this value corresponds to a water supply 
of 120  g/m2/hr from the boundary and this means 2.9  mm/day of evaporation from 
the surface. This value is roughly equivalent to the observed water vapor flux from 
the ground. This might show that water vapor is gradually stored in the air layer 
without distinct diurnal changes such as temperature. 

3. Turbulence budget equations in the planetary boundary layer 

   Budgets of turbulent kinetic energy, temperature variance and specific humidity 
variance are expressed as follows, assuming horizontal homogeneity and zero mean 
vertical velocity (Lenschow, Wyngaard and  Penne11o). 

 aE „ au+g w, T,aw' E 1  azy'p'     = u w  (3)        ata zoaz P az         

1   aT'2ae  1  aW'  T'2      =w'T'  (4)  2  a
t2 az          

1   aq'2 „   aq1  aw'q'2  A  r
g  (5)      2 at—w q  az 2 az 

       (a) (b) (c) (d) (e) (f) 

where terms (a)-(f) are; 

 (a)  : local time change of turbulent kinetic energy,  E=  1/2  (u"  +v"  +w"), tempera-
      ture variance,  1/2  T'2 and humidity variance,  1/20. 

 (b)  : production term by the interaction of vertical flux and vertical mean gradient, 
      which is called shear production or gradient production. 

 (c): production term by buoyancy, called buoyant production. 
 (d)  : divergence of the turbulent fluxes of E,  1/2 T'2,  I  /2q'2, called turbulent trans-

       port. 
 (e)  : transfer of energy due to pressure fluctuation, called pressure transport. 

 (f)  : rate of destruction of fluctuations due to molecular viscosity or diffusivity, 
      called dissipation rate. 

Budgets of turbulent fluxes of temperature and humidity can be expressed as fol-
lows (Lenschow, Wyngaard and  Pennello). 

       aw' T'a°g  aw"T'         w  +T"T'    (6)     at  a z 0 az az 

         aw'q'aq ±g T, q,aw"q'ap'    (7) 

                 w 

     ataz0azq,                                               az  

       (a) (b) (c) (d) (e) 

(a)-(e) have almost similar meanings as Eqs. (3)—(5). 
    Experimental study of these equations in the surface boundary layer have been 

carried out by many authors especially in the turbulent kinetic energy budget equa-
tion. Synthetic studies of turbulence budget equations in the surface boundary layer 
were reported by Wyngaard and  Cote7) and Wyngaard,  Cote and  Izumio based on 
the Kansas experiment data. They found that terms of the budget equations were 
well expressed with Monin-Obukhov similarity in the surface boundary layer and the
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relative importance of pressure terms were evaluated. Turbulent kinetic energy 
budget in the convective planetary boundary layer was studied by Caughey and 
Wyngaard9) with the mixed layer similarity based on the Minnesota experiment 
data of tethered balloon. Lenschow, Wyngard and  Pennello have studied all of the 
budget equations (3)—(7) with the AMTEX aircraft data. They found that over 
most of the mixed layer over the ocean, the temperature variance was maintained 
by turbulent transport and the temperature flux by buoyant production. While, 
in contrast, the humidity variance and flux were maintained primairly by gradient 

production. Recently, budgets of turbulent kinetic energy, temperature variance 
and temperature flux over the ground were studied by Zhou et  al.") based on the 
BAO tower datal). In the case where the depth of the mixed layer was below the 
top of the 300 m tower and in nearly stationary state for several hours, they found 
that terms in the kinetic energy budget equation were similar to previous studies 
in the mixed layer. Above the mixed layer, shear production becomes large and is 
approximately balanced by the sum of buoyancy, dissipation and transport terms. 
The temperature variance and flux budgets also have large terms and significant 
residuals in the overlying inversion. 

   In the present study, all of the the terms in the budget equations (3)—(7) are 
evaluated except the pressure terms, (e) for the layers between two adjacent levels. 
The values of the dissipation rates of turbulent kinetic energy,  e temperature vari-
ance,  Na and humidity variance,  N, are determined from the power spectral den-
sities of horizontal wind speed,  Su (n)temperature,  Sr  (n) and specific humidity,  So (n) 
by the following relations, assuming Kolmogoroff hypothesis in the inertial subranges. 

      en S„ (n))   27rn     a) U  '  (8) 

      No— 
 n ST (n) 

knSu(n))112 22rn     16ra  U  '  (9) 
         nS,(n)jnSu(n) .\112  2rn   No—  (10) 

        /3,ka) U ' 
where n is the frequency in Hz, U is the mean wind speed. a, fir,  Nq are Kol-
mogoroff constants and their values are selected as  a  =0.5,  13r  =0.82 (Kaimal et al.11)) 
and  fig  =0.76 (Dyer and  Hicksl2)). 

   Time variations of the turbulent kinetic energy, temperature variance, humidity 
variance and turbulent fluxes, w'T' and w'q' during the Run 3031 are plotted in 
Fig. 3 for the heights of 200 m and 25 m. Diurnal variations are clearly seen in 
the turbulent kinetic energy and turbulent fluxes,  w'T' and w'q', but they are not 
clear in the variances of temperature and humidity. Fig. 4 shows the mean profiles 
of turbulent kinetic energy, temperature variance, humidity variance and turbulent 
fluxes,  w'T' and w'q' in the daytime  (10:00-13:00) and in the nighttime  (21  :00-
24:00). Vertical distribution of turbulent kinetic energy is almost constant with 
height throughout the run but the magnitude is different in the daytime and the 
nighttime. Vertical profiles of temperature variance and humidity variance are dif-
ferent from turbulent kinetic energy. They gradually decrease with height in the



94 0.  TSUKAMOTO 

 200  -  — 

             night  day 

i  150  - _ 

                                          day
,.../....7.,\ 

                              night 

 X 100 — — 
 (5 day 

       U1— 
    x   50 - -night 

 25 - - 
                      , 1 . 1 1 I  1  I  .  1  .  i  .  i  

      0.0 0.5 ,1.0 0.0 005 010.0 0.01 0.02 

 E  : (m/s) 1-'2:  (°C)2  72:  (g/kg)2 
 200 - •- 

 day                                                                 nightdaynight 

 •-• 150- •- 

     I- I 100- \_. 

    _     w 

    =         50 ' 

                                         --\  25- 

         0.0 005 01 0.00  0.01  0.02 0.03 

                 w'T' :  (m/sPC) w'q' :  (m/s-g/kg) 
        Fig. 4 Mean vertical profiles of turbulent kinetic energy, E temperature variance, 

               T", humidity variance, q" and turbulent fluxes, w'T' and w'q' for the 
             daytime  (10:00-13:00) and the nighttime (21:00-24:00) during Run 3031. 

daytime, and in the nighttime, the values in the lower layer decrease with decreas-
ing height and the promiennt peaks are seen around the height of 100 m. Large 
values of humidity variance is seen in the upper part of the layer in the nighttime. 
Turbulent flux, w' T' decreases with height in the daytime but  w'q' is almost con-
stant with height in the daytime. They are almost zero in the nighttime. 

 3.1 Turbulent kinetic energy budget 

   Fig. 5 shows the diurnal variations of the terms of turbulent kinetic energy budget 
equation during Run 3031 in the layers of 200-150 m and 50-25 m. During the 
nighttime, relatively high wind speed was observed until 3:00 JST and large values 
of shear production are seen in the lower layer. It roughly balances with viscous 
dissipation. While in the upper layer, all of the terms are observed to be small values 
at the nighttime. And in the morning, the increase of buoyant production is seen 
in the lower layer and a little later it occurrs in the upper layer also. In the lower 
layer, shear production contributes as another important energy source throughout 
the run. In the morning, increase of buoyant production comes earlier than that 
of shear production in the lower layer. The same condition is also found in the 
Run 1207. That is, the turbulence is created by buoyancy at first in the morning
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                 transport term. 

and then a large amount of momentum is transferred from the upper level. Viscous 

dissipation also increases with production terms in the morning and decreases with 

them in the evening. The values of local time change of turbulent kinetic energy 
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determined from Fig. 3 are shown in the right half of Fig. 5 with the imbalance of 
Eq. (3). The local time change is small and it is plotted as the values multiplied 
by 10 to the raw data. The "imbalance" is defined as the (right hand side)-(left 
hand side) in Eq. (3) and include the pressure term. Positive value means excess of 

turbulent kinetic energy in Eq. (3). In the daytime, negative imbalance is seen 
especially in the lower layer. During this experiment, pressure transport was eva-
luated in Runs  281-322, by trial, using multi-level observations of static-pressure 
fluctuations below 100 m by the new static-pressure probe (Mitsuta, Tsukamoto and 

 Kataokal3)). The results show that this term is energy loss in most cases and the 
term even contribute to increase the imbalance. 

   A part of the study of the turbulent kinetic energy budget equation with the 

present data has been reported by Yamamoto and  Tsukamoto14). They found that 
the Monin-Obukhov similarity is not effective in the layer above 50 m. Mean ver-

tical profiles of the terms in the turbulent kinetic energy budget equation are shown 
in Fig.  6 for the nighttime and the  daytime. It is concluded that dominant produc-
tion terms are buoyant production term in the daytime and shear production term 
in the strong wind or nighttime case. In the unstable condition, the turbulent 
transport term shows energy loss in the lower layer and gradually changes to energy 

gain in the upper layer. 

 3.2 Variance budgets of temperature and humidity 

   The diurnal variations of temperature vairance and specific humidity variance 
are not so prominent as turbulent kinetic energy, and time variations of variances 
in the nighttime are as large as that in the daytime, which is shown in Fig. 3. The 
diurnal variations of the terms in the variance budget equations are shown in Figs. 
7 and 8. In contrast to the turbulent kinetic energy budget, the source of variances 
is only the gradient production term,  —w'T'  a0Iaz or  —wig'  aqlaz. In the 
daytime, large values of gradient production is seen in temperature variance budget 
but dissipation is not so large as to balance the production. In the humidity vari-
ance budget, relatively large values of negative gradient production is seen in the 
upper layer because of positive humidity gradient in the upper layer in the daytime. 

While in the lower layer, positive gradient production is seen in the afternoon. The 
local time changes and imbalances are also plotted in Figs. 7 and 8. Local time 
change is as small as less than 10% of other terms except in a few cases. All of the 
terms in Eqs. (4) and (5) are included in the figures but fairly large imbalances are 
seen in the daytime. Large positive imbalance is seen in the temperature variance 
budget in the lower layer and large negative imbalance is seen in humidity variance 
budget in the upper layer. 

   The mean profiles of the terms in the variance budget equations are shown in 
Figs. 9 and 10 for the nighttime and the daytime. In the daytime, prominent de-
crease of terms with increasing height is seen in the temperature variance budget 
terms except the gradient production in the highest layer. Zhou et  al.10) reported that 

gradient production shows large value near the top of the mixed layer, but the in-
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crease in the present data is lower than the top of the mixed layer, which is estimated 
to be 500  1113) as a mean value during the daytime  (10:00-13:00). 

   Almost constant values of humidity variance budget terms are seen in the night-
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time. Negative gradient production in the humidity variance budget during the 
daytime is a different situation from the AMTEX data by Lenschow, Wyngaard and 

 Pennello in the unstable planetary boundary layer over ocean. According to their 
results, the gradient production term is the main source of humidity variance. The 
turbulent transport term from the lower layer partly compensates for the present loss 
in the daytime. 

 3.3 Flux budgets of temperature and humidity 

   In the flux budget equations, the production terms are composed of a gradient 

production term and a bouyant production term. The sign of the gradient produc-
tion term is determined by the sign of  dOldz or  dqfdz. The buoyant production 
term in the temperature flux equation is always positive  (g/OT't) and that in the 
humidity flux equation depends on the sign of T'q'. As shown in  Tsukamotoo, the 
sign of T'q' is positive in the daytime and negative in the nighttime. Therefore the 
buoyant production acts as gain in the daytime and loss in the nighttime. 

   Figs. 11 and 12 show the diurnal variations of terms of budget equations of 
temperature flux and humidity flux. The large values of buoyant production  (g10 

 T") in the lower layer is seen in the temperature flux equation around 7:30, cor-
responding to the high turbulence region appearing at the 50 m level, that is above 
the top of the mixed layer as mentioned by  Tsukamotoo. Large negative buoyant 

production  (gIOT'q') is also seen in the humidity flux budget at the same time and 
same layer. In the daytime, gradient production terms show almost similar behavior 
as that in the varaince budget equations because the  w" and  w'  T' or w'q' are varying 
similarly. In the lower layer, large negative gradient production is seen in tempera-
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              for the temperature flux budget and the imbalance is defined as the (right 
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ture flux budget in the early morning, and abruptly changes to a large positive value 

with the change in sign of potential temperature gradient. While, positive buoyant 

production in the lower layer is large enough to balance the negative gradient pro-
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duction in the nighttime and it is about half of the gradient production in the day-
time. Turbulent transport terms  in the flux budget equations are found to be very 
small in both fluxes, however their sign changes with height. Local time changes 
and imbalances are also shown in Figs. 11 and 12. Local time change is so small 
as compared to the other terms and it is plotted as the value increased by 100 times 
of the raw data. The imbalance is a large positive value in the temperature flux 
budget in the whole layer and negative in the humidity flux budget in the upper 
layer. The imbalance includes turbulence-pressure gradient interaction terms such 
as  T'ap'/az or  q'ap'/az, which is not evaluated in the present study. 

   Mean profiles of flux budget terms are shown in Figs. 13 and 14. In the day-
time, large values of gain are seen in the temperature flux budget. While in the 
humidity flux budget equation, large values of negative production is seen especially 
in the upper layer. This result is different from that of Lenschow, Wyngaard and 

 Pennell5) over the ocean, that pointed out the importance of gradient production 
term in the humidity flux budget. In the present case, the loss is partly compensated 
by buoyant production and turbulent transport in the daytime. In the nighttime, 
both of the production terms are negative and turbulent transport term shows small 

positive value. For the temperature flux budget, only the buoyant production acts 
as gain and a part of it is destroyed by negative gradient production in the night-
time throughout the entire layer. 

   Fig. 15 shows the vertical profiles of triple correlations, that is vertical trans-

ports of turbulent kinetic energy, temperature variance, humidity variance and tur-
bulent fluxes, w' T' and  w'  q' in the daytime mean values. Prominent peaks are seen 
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               are  m/s in w', °C in T' and  g/kg in q'. 

in all of the triple correlations around the 100 m level. As the turbulent transport 
terms are represented by the vertical convergences of these values, the turbulent trans-

port terms show negative below 100 m and positive above 100 m. This height is 
about  1/5 of the mixed layer height,  zi for all of the budget equation in the present 
case. A similar change in sign of turbulent transport terms are also seen in the 

previous studies. According to Caughey and  Wyngaard9) and Lenschow, Wyngaard 
and  Penne116), the height of  0.3-0.4z; is the height of change in sign of the turbulent 
transport term in the turbulent kinetic energy budget. In the variance budget, the 
height is  0.2-0.3z; by Zhou et  al.10) for temperature variance. Furthermore turbu-
lent transport term in the temperature flux budget changes its sign near  0.1  z; (Lens-
chow, Wyngaard and  Penne116), Zhou et  al.10)) and near  0.2z; in humidity flux bud-

get (Lenschow, Wyngaard and  Pennell6)). 

4. Conclusion 

    Turbulence measurement in the planetary boundary layer were carried out on 
the 213 m meteorological tower including humidity fluctuations. 

   Heat balance at the ground surface is analyzed. Turbulent fluxes of sensible 
heat and latnet heat from the surface show almost the same values, 60  W/m2 and 
64  W/m2 respectively in the daytime mean. Ground heat flux, which is estimated 
from the residual of heat balance equation, shows heat loss of 2.15  MJ/cm2 for 23 
hours and zero in the daytime. 

   Budgets of turbulent kinetic energy, temperature variance, humidity variance, 
temperature flux and humidity flux are analyzed. The similarity of the gradient 

production terms are not seen between in the budgets of temperature variance and
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humidity variance, and in those of temperature flux and humidity flux. That is, 

positive gradient production is seen in the temperature variance and flux, while nega-
tive gradient production is seen in the humidity variance and flux especially in the 
upper layer. It is related to the difference of vertical gradients between potential 
temperature and specific humidity. Most prominent similarity is seen in the turbu-
lent transport terms for all of the budget equations studied here. The vertical dis-
tribution of triple moments have pronounced peaks near the 100 m level in the day-
time and as a result, the turbulent transport term changes its sign from negative to 

positive with the increase of height. This height roughly corresponds to  0.2zi. Large 
imbalances are seen in the budget analysis of variances and fluxes. The reason for 
this is not clear at present. 
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                          Appendix 

A. 1 Hourly mean values of net radiation and solar radiation during the observation. Time of "01" 
     means the duration between  00:00-01:00. 

 DATENT1ME  01  02 03 04 05 06  07  08  OS  10  11 12  13  14  15  18  17  IN 10 20 21  22 23 24  
 .NET  RADIATION  IN  WU2. 

 78  Oct  -47  -50  .47  .50  -42  -39  -17  47  ISO  220  270  270  250  172 71  -3  .53  -58  •58  -39  -II  -19  -SO  .39 
                       30  Out -39  -28  -38  •44 -25 -44 -31  28  117 222  267  281 253 200  111  8  .61  -72  -70  -61  -31 -19 -25  -53 
 31  Oct  -86  .58  •56  •53 -53 -50  -22  33  136  208 247  172  108 230 47  8  -47  -50  •01  -30 -17 -42 -42 -44 
 No,  -47  .511  .52  .50  .47  .47  -25  39  136  206  244  250  236  197  114  13  .58  .e1  -114  -64  -56  •25  -22  -25                         

7  Dec -52  •50  -52  •52  •52 -52 -52  -8  81 158  208  209  183 133  56  -22 -50 -47 -14  •42 -42 -39  -44  -36 

 •SOLAR  RADIATION  in  Ws', 
 28  Oct 0  53  225  405  510  803  808  561  394  205  106  22 0 

                  30  Out 0  47 144  372  558  630  661 600 511 255 180 31 0 
 31  Oct 0  53  202  388  520  589  375  738  509  172  139 19 0                    

1  Moo  0  47 200 372  506 581  586  541 461  322 ISO  22 0                   
7  Dec 0 6 III  278  4041  488  407  481  386  258 95 3  0 

A. 2 Half hourly values of wind direction at the  100m level during the observation (clockwise from 
     north). 

 Ruh  1931  14101  1207  Run 281 - Run  122 

 DATE  TrIE  1.411.1~ DATE  TINE  1014e91  DATE  TI,I• 14011e91  DATE  THE  loD1de41 

 10  11.1  18:00 -  18:10 53  0  int  06:00 -  06:10  -26 7  Del-  07:45-08:15  2225  0,1  14:02-14:16 108 
 18:30 -  19:011  64 06:30 -  u7:00  -'1  00:15-08:45 -IS  14:36-15:10 116  

19:00 -  19:3u  85  07:00 -  07:10  -3  06:45-09:15 24 15:40-16:14  108 
 19:39 -  20:0U  07:10 -  08:90  -14  09:15-09:45  -8  16:14-16:48  107 
 20:00 -  20:30 65 98:00 -  98:10  -30  09:45-10:15 -12 17:10-17:44  106 
 29:19 -  21:90  64  08:10 -  09:011 -45  0:15-10:45  -47  17:44-18:18 102 
 21:00 -  21:30 71  09:00 - 09:10  -34 0:45-11:15 -48  10  1011 14:40-15:14 56 
 21:10 -  22:00  62  09:10 -  0:00  52 1:15-11:45  -48  15:14-15:46 64 
 22:00 -  22:30  72  0:00 -  0:10  01  1:45-12:15  -19  16:10-16:49 75 
 12139 -  2A:00  62  0:30 -  1:00  97  2:15-12:45  -15  16:49-17:21 57 
 23:00 -  23:414  (10  I:00 - 1:30  DI  2:45-13:15  -42 I  Nov  12:50-13:24  III 

 27:40 -  24:00  62  1:39 -  2:09  02  13:24-13:58  114 
 41  111  00:00 -  00:30  48 2:00 -  2:19  04  15:40-16:14  107 
 00:  10  -  41:00  5/ 2:10 -  1:90  17  16:14-16:48 86 
 41:00 -  01:30  41  1:00 -  1:30  41 

 91:30 - 02:00  11  1:111 -  4:09  17 
 02:00 -  02:40  15  4:00 -  4:10  33 

 02:10 -  03:00  9  4:30 -  5:00  00 
 04:90 -  04:30  3  5:00 -  5:40 06 
 01:0 -  04:00  -16  5:10  - 6:00  17 
 04:00 - 04:30  -43  6:00 -  6:10 87 
 04:10 -  05:00  -14  6:  19 - 7:00  41 
                   05:96 -  05:30  -18 

 05:10  -  06:00  -0i
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 A.10 Half hourly values of mean wind speed, potential temperature and temperature flux, w' T' at 
     6 levels during Run 1207 

 WIND  SPEED(m/s) POTENTIAL  TEMPERATURE(°C)   TEMPERATURE  FLUX  ;  w'T.  (m/s-'C) 
 TIME  200m  150.  100m  50m  25m  10m 200.  150m  100,  50m 25m  10m  200m 150.  100m  50m  25m  10m 

 7:45- 8:15  2.79 1.58  0.81 0.74 0.53 0.77  5.5  5.1  4.6  1.4  -0.8 -0.7  0.0049 0.0004 -0.0028  -0.0071 0.0002  0.0025 
 8:15-  8:45 3.91  2.36  0.68  0.60  0.29  0.39  6.0 5.5  4.8 2.9 0.5  0.1  -0.0047  -0.0033  0.0044 -0.0482  0.0080  0.0049 
                 8:45-  9:15  2.96  1.55  1.63 1.01  0.78  0.79 5.8 5.4  4.9  3.6  3.0 3.1 0.0159 -0.0128 -0.0272 0.0007 0.0138  0.0226 
 9:15- 9:45 5.04  3.73  2.99  1.80 1.88  1.85 6.8  6.2 5.7 4.5 5.1 5.4  -0.0017  0.0009 -0.0049  0.0165  0,0458  0.0512 
 9:45-10:15  4.26 3.14 3.03 1.99  2.01 1.98  7.1  6.8  6.7  6.5  OF  6.9 -0.0193 -0.0307  0.0121  9.0447  0.0783  0.0808 
               10:15-11:15  3.25 3.12 3.17  2.35  1.94  1.78  7.4 7.6 7.4 7.4 7.7 7.9  0.0348  0.0481 0.0555  0.0E199 0.1331  0.1126 
               11:15-11:45  3.56  3.62 3.90 3.17  2.82  2.48 7.7  7.9 7.9 7.7 8.1 8.3 0.0450  0.0617 0.0778  0.1189 0.1417 0.1345 
 11:45-12:15 3.59 3.72 3.78 2.70 2.23 2.11 8.0 8.2 8.3  8.2  8.5  8.6  0.0326 0.0495  0.0527 0.1013  0.1258 0.1146 
 11:45-12:15  3.77 3.84  4.14 3.47 3.03  2.71 8.4  13.7 8.8 8.8 8.8  9.0  0.0373 0.0512 0.0590  0.0719  0.1182  0.8301 
               12:15-12:45 2.53 2.47  2.80 2.11  1.78  1.86 8.9 9.1  9.1  8.9  9.1 0.4  0.0380 0.0449  0.0802  0.0791  0.1026 0.1162 
 12145-13:15  2.18 2.00 2.18  1.51 1.37 1.44 9.2 9.5  9.5 9.4  9.6 9.8  0.0437 0.0547 0.0712 0.0879  0.0965 0.0867 

 A.11 Half hourly values of Reynolds stress, u'w' and variances of vertical velocity,  w'2 at 6 levels during 
     Run 1207 

 u'w'  w.2  (m/5)2  
                    TIME  200m 1509 100,  50m  25m  10m  200m  1500  100m  50m  25m  10m 

 7:45-  8:15  0.0058  -0.0018  0.0006  0.0126 0.0004  -9.0129  0.0342 0.0542 0.0357  0.0253  0.0161  0.0234 
 8:15-  8:45  -0.0063 -0.0017  -0.0079  -0.0051  0.0091  0.0106  0.0368  0.0462  0.0285 0.0313 0.0295 0.0302 
 8:45- 9:15  0.0331 -0.0304  0.0115 0.0039  0.0226 -0.0020  0.0600 0.0723  0.1004  0.0846  0.0823 0.0729 
                         9:15- 9:45 0.0222  0.0036  -0.0419 -0.0308  -0.0464  -0.0367  0.0357 0.0484  0.0876  0.1414  0.1739  0.1411 
                           9:45-10:15  -0.0496  -0.1052  -0.0965 -0.0482  -0.0826 -0.0753  0.2460  0.3036  0.3260  0.3025  0.2819  0.2199 
 10:15-10:45  -0.3808  -0.2634  -0.1478  -0.1399  -0.1887  -0.1208 0.0400  0.6496  0.5212  0.4914  0.4395  0.3169  

10:45-11:15 -0.1553 -0.1593  -0.1545 -0.2682 -0.2785 -0.2258  0.5778  0.5806 0.5040  0.4684 0.4435  0.3965 
 11:15-11:45  -0.0760  -0.0956  -0.0602  -0.2114  -0.1961  0.1310 0.5299 0.5314  0.4422  0.4199  0.3844 0.3505 
 11:45-12:15 -0.0600  -0.0004 -0.0153  -0.0538  -0.1695  -0.1872  0.6609  0.6052  0.4173  0.2862  0.3528  0.3881                         

12:15-12:45 -0.1145  -0.0463  -0.0609 -0.0845  0.1085 -0.0832  0.5285  0.4970  0.4774  0.3616  0.3410  0.2992 
 12:45-13:15 -0.1045  -0.0701  -0.0871  -0.1096  -0.0964 -0.0652  0.5882  0.5565  0.4489  0.3540  0.2959  0.1990 

 A.12 Half hourly values of turbulent kinetic energy, E and temperature variance,  1/2  T" at 6 levels 
     during Run 1207  

E  (m2/s2)  °C)2 
                          TIME  200m  150m  100m  500  25m  10m 2009  150m  100m 50.  25.  10m  

 7:45 - 8:15 0.086 0.144  0.089 0.140 0.104 0.123  0.0141  0.0062  0.0039  0.2366  0.0074 0.0050 
                             8:15 - 8:45  0.184 0.244 0.113 0.120  0.187  0.165  0.0154  0.0310 0.0173 0.3208 0.0204 0.0087 
                             8:45 9:15  0.294 0.225  0.199 0.154 0.143 0.153  0.0508  0.0235  0.0788 0.1021 0.0085  0.0163 
                           9:15 -  9:45 0.214 0.142  0.246 0.252  0.263 0.271  0.0081  0.0111 0.0089 0.0066  0.0176  0.0317 
 9:45 - 10:15 0.702 0.646 0.612  0.539  0.632 0.589 0.0227 0.0210  0.0089 0.0151 0.0327 0.0512 
                            10:15 - 10:45 1.074 1.231 0.887  0.822  0.862 0.807  0.0058 0.0074 0.0128  0.0121  0.0496  0.0699 
 10:45  - 11:15  0.751 0.865 0.897 1.106 1.247 1.120 0.0082 0.0100 0.0149 0.0429  0.0648  0.0890 
 11115 - 11:45  0.689 0.744  0.814  0.948  0.948 0.850  0.0064  0.0082  0.0148  0.0036 0.0567  0.0748 
                          11:45 - 12:15 0.650 0.642 0.578  0.673  0.841  0.836 0.0051  0.0063  0.0129 0.0322 0.0571  0.0748 
 12:15 - 12:45  0.786 0.743  0.740  0.862  0.923 0.893  0.0078 0.0114  0.0220 0.0283  0.0420  0.0760 
 12:45 - 13:15 0.786 0.865  0.874 1.009 0.933 0.872 0.0059 0.0100  0.0169 0.0327  0.0471 0.0722 

 A.13 Half hourly values of triple moments, w'E, w'  T'2 and  w"  T' at 6 levels during Run 1207 

 w'E  (81111-31P/s3)   777  (x10-3m/s.  °C2)   s'2 T'  (X10-3112/520)  
            TIME  200m 150. 100.  50m  25m  100  21100  150m  100.  50^  25m  10m  200^  150m  100.  50.  250  10^  

 7:45  -  8:15  0.42  4.28 0.13 -1.47  1.03 0.34 -0.288 0.253  -0.10T 0.288  0.163 0.234  -0.91 0.58 0.16  4.09 -0.20  -0.39 
             8:15  -  8:45  -1.70-10.20 0.52  2.40 7.53  1.12  -0.078 -1.15 1.89  -8.24  2.18  0.465  1.48  3.95 0.21  2.61  -1.17  -0.00 
             8:45 - 9:15  -27.30  -5-45  0.26 -2.18  5.93 4.82  -2.51  3.14  5.40  -1.32  2.13  6.14  -5.47 -2.21  -21.2 -1.88  1.06 4.74 
             9:15 -  9:45  -6.62 4.44 7.02 22.3  28.1 14.3  -0.062  0.577  -0.171  4.97 10.9 12.8 -1.21 -3.48  -0.89  8.05 17.8 15.8 
             9:45 - 10:15  8.97 42.2 38.2 43.6 71.0 18.5  3.07  -2.49  3.00 11.3 21.8 25.4  -8.02 -9.52 12.7 20.0 38.9 18.8 
            10:15 - 10:45 14.9 27.5 37.4  118.  136. 24.2 2.07  2.72 5.75 14.1 29.9 22.3 12.7 9.9 15.8 29.5 61.8 12.9 
 10:45 -  11:15  107.  88.9  173. 213. 122.  37.4 4.12 5.75  12.4 22.3  32.8  35.T 13.3 17.8 42.1 58.5 61.4 37.8 
 11:15 -  11:45 123.  138. 97.2 123. 22.4 -1.57  3.61  8.81 9.00  28.1 18.8  19.1 11.5  29.5 22.5  62.8  35.1  18.7 
 11:45 - 12:15  99.4  144. III.  103  . 52.8  23.6  8.42  11.58 12.1 28.2  49.5  38.0  40.5  48.8 43.9  35.3  89.4  38.5 
 12:15  - 12:45  180.  126.  139.  115.  82.3 32.7  3.81  8.44 17.8  10.2  20.3 47.8  18.3  27.5 44.3 21.1 48.7  43.8 
 12:45 -  13:15  130,  193. 148.  163. 50.2  -4.84  5.16 8.81 11.8  18.8 19.0 22.1 22.5 25.7  25.1 36.7 24.9 12.2
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A.14 Half hourly values of dissipation rates of wind speed,  s and temperature,  Ne at 6 levels during 

    Run 1207  

c  coo  3.2/.3)  Nm(x10-31'21s)  
 TIME  2001  150m  1000  50m  25m  10m  200m  150m  1000  50m  2514  10m  

 7:45 - 8:15 0.186  0.797  0.542 0.531 0.211 0.355 0.0022 0.0074  0.0031  0.0421 0.0065  0.0049 
 8:15 -  8:45  0.398  0.587 0.487  0.938 0.574  0.674 0.0030  0.0096 0.0187 0.0734 0.0321 0.0273 
 6:45 -  9:15 0.316  0.684  0.379 0.669  0.903 0.911  0.0102 0.0061  0.0085 0.0203  0.0173 0.0325 
                         9:15 -  0:45 0.106  0.291  0.663 1.15 1.10 2.08 0.0010 0.0020  0.0056  0.0084  0.0207  0.0690 
                         9:45 - 18:15  1.70 2.32 2.49 4.40 5.42  5.60  0.0110 0.0108 0.0099 0.0304 0.0761 0.1212 
                        10:15 - 10:45 3.56  3.83  3.67  5.00  8.96 11.2 0.0033 0.0072  0.0095 0.0293 0.1013 0.2703 
                        10:45 11:15  2.17  2.84  2.92  6.38 10.9 13.8 0.0051 0.0074 0.0137  0.0424  0.1283  0.2680 
                        11:15  - 11:45 3.09  2.94  4.28  7_00 11.0 13.7 0.0052 0.0070 0.0222  0.0550 0.1440  0.3153 
                        11:45  • 12:15 1.03 2.33  2.38  4.36 10.3 14.1  0.0026 0.0037 0.0075 0.0235  0.0960  0.2377 
                        12:15  - 12:45 2.23 3.36  2.84 5.34 10.9 13.9  0.0049 0.0113 0.0132  0.0406 0.1357  0.2871 
                      12:45 13:15 2.26 2.49  1.99  9.98 8.99  6.41 0.0053  0.0107  0.0168  0.0569 0.1027 0.2017 

 A.15 Half hourly values of mean wind speed, potential temperature specific humidity and turbulent 

     fluxes,  w'  T' and  w'  q' at 3 levels during Run 281-Run 322 

 DATE  TIME  WINO  SPEED(m/s) POT  TEMP(t)  SPEC  RUM(g/kg)  u'T'  (m/s0c)  w'W  (m/s  g/kg)   Run  No. 
                        1001  50m  25m  100m  50m  25m  100m  50m  25m  100m  50,  25m  100m  50m  25m  

              28 Oct  14:02-14:36  4.26 4.23  3.10  16.7 16.7 17.0 7.19 7.10 7.06  0.0127   0.0129  0.0194  0.0198 0.0207  Run  MI 
 14:36-15:10 3.92 4.03 2.81  16.7  16.9  16.9 7.12 7.02  6.99  0.0002    0.0011 0.0045 0.0082  0.0252 

 15:40-16:14  4.76  4.16 2.53 - 15.9 15.9 - 7.34 7.38  -0.0025  -0.0046 -0.0078  0.0057  0.0070  0.0114 Run  282 
 16:14-16:48 5.18 4.31 2.88 15.7  15.6 15.4 7.12  7.17  7.25  -0.0022  -0.0045  -0.0102  0.0028  0.0027  0.0048  . 

                    17:10-17:44  5.09 3.93  2.57  15.6  15.2 14.9 7.09 7.29 7.48 0.0010    0.0018  -0.0001 0.0015  0.0010 Run  293 
 17:44-18:18  4.49  3.88  2.96  15.1  15.1  14.6 7.27 7.29 7.35  -0.0008 0.0000  -0.0009 0.0006  0.0002  0.0003  . 

              30 Oct  14:40-15:14 1.62  0.91  1.61  13.2 13.4  13.5 3.29  3.18  3.16 0.0369  0.0216  0.0155 0.0036 0.0014 0.0108 Run  301 
 15:14-15:48 2.45 2.78 1.98 13.3 13.4 13.5 3.21 3.14 3.14 0.0103  0.0052 0.0058  0.0082  0.0166 0.0141  . 
 16:15-16:49 4.75 5.17  2.82 12.9  12.8  12.6  3.60 3.59 3.66 -0.0038 -0.0070  -0.0209  0.0037  0.0033 0.0079 Run 302 
 16:48-17:23 5.54  4.76 2.93 12.2  11.9 11.8 3.42 3.49 3.55  -0.0071  -0.0115 -0.0170 0.0073 0.0084  0.0074  .                

1  Nov  12:50-13:24 3.65  3.61 2.83 14.0 16.8  16.8  5.13 6.11  8.15 0.1030  0.0835  0.0841 0.0467  0.0450 0.0374 Run 321 
 13:24-13:58 4.51  4.62 3.71  12.3  16.4 16.3 4.57  6.49  6.62 0.0541 0.0501 0.0568  0.0219 0.0231 0.0220  . 

 15:40-16:14 5.49  4.98 3.75  14.5 14.7  14.6 6.43  6.40  7.06  0.0003  -0.0043 -0.0053  0.0097  0.0066  0.0106 Run 322 
 18:14-16:48  4.80 4.08 2.83  14.2 14.2  13.8 6.44  6.42 6.12 -0.0037  -0.0066 -0.0127  0.0031  0.0029  0.0056  on 

 A.16 Half hourly values of Reynolds stress, u'w' and variance of vertival velocity,  w" at 3 levels during 

     Run 281-Run 322                    
•  

u'w'  (m/s)2  w'2(m/s)j  
 1001  50m  25m  1001  50m  25m  

 28 Oct  14:02-14:36  -0.0298 -0.0563 -0.1146  0.2083  0.2162 0.2560 
 14:30-15:10 -0.0245  -0.0271 -0.0912  0.1339  0.1376  0.1600 
 15:40-16:14  -0.0128  -0.0429 -0.0946 0.0817  0.1096  0.1576 
 16:14.16:48  -0.0059  -0.0114  -0.0382  0.0320  0.0538  0.080G 
 17:10.17:44  -0.0010  -0.0054  0.0057  0.0110  0.0114  0.0100  

17:44-1E18  -0.0015  -0.0013 -0.0020  0.0249  0.0061  0.0123 
                                           30 Oct  14:40.15:14 -0.1630  -0.0066 -0.0035 0.3237 0.1097  0.1204 
 15:14.15:48 -0.0180  0.0148  -0.0480  0.2371  0.1466  0.1160 
 16:15-16:49  •0.0291 -0.0911  -0.0674 0.1204 0.1211 0.1406 
 16:49-17:23 -0.0448  -0.1430  -0.0557  0.1056  0.1536  2.1717                                          

I  Nov  12:50-13:24  -0.0915  -0.1320  -0.1750  0.6059  0.1369  0.3552 
 13:24-13:58  0.0696 0.0220  •0.1270 0.4057  0.3422 0.3295 
 15:40-16:14  •0.0617  -0.0651  -0.1330  0.1640  0.1971  0.2480 
 16:14-16:48 -0.0246 -0.0301  -0.0470  0.0841  0.0789  0.1036
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 A.17 Half hourly values of turbulent kinetic energy, E, temperature variance,  1/2  T' humidity vari-
     ance,  1/2q" and covariance,  T'q' at 3 levels during Run 281-Run 322  

F  Ws12 4-72.1°0'  .r.q.  1.c  a/kg) 

        DATE  TIME  100m  50m  25m  100m  5Um  250  100m  50m  25m  100m  50m 250 

 28 Oct 14:02-14:36 0.552  0.978 0.740 0.0064  -  0.0078 0.0035  0.0051 0.0063 0.0047  -  0.11051 
                   14:36-15:10  0.356  1.500 0.533  0.0012  -  0.0011 0.0020  0.0028 0.0040  0.0008    0.001:1 
 15:40-16:14 0.205 0.361 0.472 0.0018 0.0011 0.0013  0.0021 0.0039 0.0024 -0.0027 -0.0020 -0.0025 

 16:14-16:48 0.078 0.143 0.213 0.0011 0.0023 0.0043 0.0016 0.0010  0.0011 -0.0020 -0.0025 -0.0039 
                   17:10-17:44 0.036 0.329 0.059  0.0020  - 0.0033 0.0019 0.0015 0.0010 -0.0029  - -0.0011 
                   17:44-18:18 0.079 0.084  0.061 0.0055  0.0067 0.0055 0.0042 0.0021 0.0007  -0.0088 0.0007 -0.0028 
            30 Oct 14:40-15:14 0.592  0.130 0.527 0.0068 0.0066 0.0078  0.0018 0.0026 0.0034  0.0016  0.0078 0.0102 

 15:14-15148 0.441 0.355 0.369 0.0010 0.0010 0.0013 0.0007 0.0042 0.0065 0.0012 0.0024 0.0038 
 16:15-16:49 0.420 0.865 0.422 0.0019 0.0034 0.0101 0.0030 0.0026 0.0032 -0.0008  -0.0033 -0.0092 

 16:49-17:23 0.259 0.893 0.441 0.0042 0.0037 0.0085  0.0034 0.0023 0.0025  -0.0066 -0.0049 -0.0081 
 I.Nov 12:50-13:24  1.029 1.159 1.210  0.0206 0.0300 0.0395 0.0057 0.0098  0.0125 0.0153 0.0270 0.0369 

 13:24-13:58 0.842  1.060 1.149 0.0117 0.0131  0.0196 0.0051 0.0053  0.0066 0.0077 0.0090 0.0130 
                   15:40-16:14 0.384  0.527  0.649  0.0004  0.0008  0.0008  0.0022  0.0018 0.0019 -0.0000  -0.0010 -0.0012 

 16:14-16:48 0.194  0.244  0.314  0.0008  0.0021  0.0057 0.0010 0.0008  0.0012 -0.0011 -0.0018 -0.0042 

A.18 Half hourly values of triple moments, w'E,  w' T'2,  w'q'0,  w'T, and  w"q' at 3 levels during Run 

     281-Run 322 

               SATE  TINE  let  (x101.3/A3) t21--(x10311/s*C2)  wV201030/41/ki)172-17;(x10-3.2 isk)  77(x10  3W/e8/k8)  
 100.  50.  25.  100.  50.  25.  100.  50.  25.  1006  506  250  M. 50.  25.  

 28 Oct  14:02-14:36  30.6 64.6 7.3  1.19  - 0.22  0.57  0.15  -0.13 5.75  - 0.38  2.78  5.18  4.03 
 14:36.15:10 17.7  -8.5 29.7 0.02 -  0.23  0.34 0.30 0.41 0.70  - 1.13  1.88  1.98  3.72 
 15:40-16:14 3.6 21.1 23.8 0.12 0.05 0.00  0.38 0.23  -0.03 -2.82 -0.50 -1.48  3.77  1.54 1.97 
 16:14-16:48 0.2 4.9 10.1 0.05 0.14 0.41 0.01 0.03 0.13 -0.19 -0.54  -1.08 0.38 0.23  0.48 
                        17:10-17:44 0.0  0.8 -0.1 0.01  -  0.18 0.07 0.01 -0.01  -0.17 -  -0.38 0.17 0.01  .0.01 

 17:44-18:18  0.8 0.0 0.0 0.10 -0.03 0.13 0.00 0.00 0.00 0.54  0.07  -0.39  -0.34 -0.07 0.03 
                30  6c1 14:40-15:14  12.7  99.8  32.8 1.05  1.55 2.24  -0.95  0.65 1.14 -0.25 2.14 3.81 1.84 0.74  2.58 
 15:14-15:48 51.4 11.3  27.3 0.27  0.17 0.18  0.51  2.21 1.13  2.08 1.25 1.52 3.38  6.82 4.19 
 16:15-16:49  .7.3  1.8 7.0  0.11 0.28 0.03  -0.30 -0.28  -0.12 -0.75  -0.16  -0.61  -0.01  -1.22  -1.08 

 18:49-17:23 18.2  34.5  7.9 0.02  0.02 0.08  0.08  .0.01  -0.05  .1.89  .0.25  -2.51 2.47 0.55 0.90                 
1  8o:  12:50-13:24 188.0  162.9  57.8  7.89  4.64 10.69  2.81  1.98 1.08  19.39  21.59 17.50 11.79  10.60  9.28 

 13:24-13:511  87.4 115.0 109.0 9.04 3.64 6.08 0.23  .0.39 0.02  23.89  18.59  25.39 4.00  3.91  12.09 
                        15:40-16:14  64.9 13.0  31.2  0.12 0.20  -0.17 -0.18  .0.09 -0.33  0.30  -0.54  -1.18 3.37 0.35  0.80 
 18:14.16:48 0.2  .4.2  4.8  0.06 0.02  0.31  .0.01  .0.04  0.04  -0.35 0.44  -0.57 0.09  -0.22 0.40  

 A.19 Half hourly mean values of dissipation rates of wind speed,  s temperature,  No and humidity, 

 N at 3 levels during Run 281-Run 322 

 1.10-3  .2/.3)  N..  1x10-3  1°C12/s1  Ng  1x10-3  ig/kg12/s)  
            DATE  TIME  1000  50m  25m  100m  50m  25m  100m  50m  25m  

                   28 Oct 4:02-14:36 0.4588  1.0866 1.9672  0.0068  - 0.0285 0.0058  0.0136  0.0125 
                           4:36-15:10  0.3271  0.5058  1.2178 0.0017    0.0041 0.0045  0.0072  0.0211 
 5:40-16:14  0.2315 0.6930  1.5181 0.0029  0.0041 0.0110 0.0040  0.0276  0.0111 
 6:14-16:48  0.0801  0.3542 1.0417  0.0024 0.0140 0.0405 0.0022  0.0043  0.0070 
                           7:10-17:44 0.0269 0.0502 0.1130  0.0030    0.0148  0.0048 0.0018  0.0011 
 7:44-19:18  0.0876 0.0195 0.0929 0.0082  0.0032  0.02:10  0.0068  0.0011  0.0010 
 30  Oct  4:40-15:14 0.4533  1.3971  0.5783  0.0087  0.0176 0.0272  0.0081  0.0158  0.0008 
 5:14-15:48  0.1936 0.0714 0.5456 0.0023  0.0020  0.0056  0_0008  0.0060  0.0209 
 6:15-16:49 0.2517  0.1870 1.1610  0.0026  0.0112 0.0840 0.0035  0.0049  0.0201 
                           6:49-17:23 0.5899 0.8764  2.3951 0.0149  0.0261 0.0958  0.0108  11.0110  0.0212                      

1 Nov  2:50-13:24 1.2878  1.3621 2.0608 0.0596 0.0977 0.1902 0.0094  0.0181  0.0449 
                           3:24-13:58 0.4342  1.0551  2.2538  0.0187 0.0578 0.1412 0.0046  0.0100 0.0205 
                           5:40-16:14  0.3961  0.9390  2.6146 0.0637 0.0019 0.0057  0.0042 0.0046  0.0118 
 6:14-16:48  0.1936  0.5326  1.1165  0.0023  0.0125  14.0515 0.0019 0.0034  0.0088


