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Abstract 

Field measurement of eddy transport of momentum over bare ground using 

the combination of a sonic anemometer and an analog data analyser was made. 

By this method of observation the amount of vertical eddy momentum flux can 

be obtained in real time. As a result of the experiment, it is now clear that 

the drag coefficient increases with decreasing wind speed in weak wind conditions 

by less than a few meters per second, and that the contribution of long period 

fluctuation longer than 100 sec in period to the total eddy momentum flux is not 
so large, but is about 10%. 

I. Introduction 

For the study of interactions between micro- and large-scale meteorological 

processes, it is fundamental to estimate precisely the magnitude of the vertical 

eddy transport of energy in the surface boundary layer. The eddy correlation 

method using a sonic anemometer-thermometer is the most promising technique 

for the measurement of eddy transport at present (Mitsuta (1968bJ), because 

the sonic anemometer is the only reliable means of vertical velocity component 

measurement. Even if we have good sensors, there still remains a dif­

ficulty in applying this method in field experiments. This is in data processing 

because it is necessary to read and process huge amounts of data in order to 

ascertain eddy flux with sufficient accuracy (Mitsuta, Hanafusa and Sahashi 

(1967]). To overcome this difficulty and save time in data processing, an 

analog data analyser for eddy flux measurement has been developed by the 

present authors. With this instrument, mean values, standard deviations and 

cross covariances of meteorological entities can be obtained in real time. 

In this paper the results of momentum flux measurement with the sonic 

anemometer and the analog data analyser over bare ground are presented. 

2. Method of measurement 

The measurement was made at the same experimental field where one of 
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the authors had made observations of eddy momentum transport by a sonic 

anemometer for the first time, in which normal digital data processing was 

applied (Mitsuta (1968a)). The test field is open bare ground extending about 

50 m upwind, while beyond that a flat sweet potato field extends for about 

500 m. In order to discount the inhomogeneity of the surface the height of the 

measurement was restricted below a few meters from the ground as in the 

previous experiment. 

The new type three dimensional sonic anemometer-thermometer with sound 

paths of 20 em in length (Mitsuta, Miyake and Kobori (1967]) was used in 

this experiment. This was installed at a height of 1.5 m on the mast. The 

horizontal and vertical components of wind velocity are measured by this single 

instrument. The profile of wind speed as a reference was measured at the 

same time with five small 3-cup anemometers on the mast of 6 m in height. 

The outputs of the sonic anemometer were directly analysed by the analog 

data analyser (Mitsuta and Hanafusa (1970]). The outputs of the analyser are 

the mean values and standard deviations of three components of wind velocity 

and covariances of vertical and two horizontal components. Each output is 

smoothed in value by low pass filters with time constants of 100 sec for means 

and covariances and 200 sec for standard deviations. They are sampled and 

printed out by a slow speed data logger every 60 seconds. 

As the horizontal sound paths of the sonic anemometer cross at 120° to 

attain wide measuring angles, the total momentum flux is given by the follow­

ing, using the coordinate transform formula given by Mitsuta (1968bJ. 

v3p -- ----- . 
M=-2_ 1 ~ 2 _ 2 __ {(2u,+u2)u/w'+(u,+2a2)u2'w'}, 

v u, +u2 +u,u2 
(1) 

where u, and 112 are the two horizontal components and w the vertical com­

ponent of wind velocity and p the density of air, and the bar above the symbol 

means the mean value over the total observation period. 

At the same time the outputs of the analog data analyser are the mean 

values sampled every 60 seconds (denoted by a hat above) of ii 1 , ii 2• 1(·, u;w 
and u;lu. Thus the values of covariances averaged over the total sampling 

duration are obtained as 
-,-1 ~--::.-::.-
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and Eq. (1) becomes, 

M= -2"J~ ;:~ ~+ •• {C2u, +?t2)Cu7w-a,w) + (u, +2u2)(u~w-!12w)}. (3) 
v u, u2 u,u2 

By this method the total value of the total covariance can be obtained without 
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filtering the low frequency component. This is the same process of analysis 

as the Evapotron (Dyer and Maher (1965)). The length of the total sampling 

duration should be about one hour or so. 

3. The results of the measurement and discussions 

The experiment was made during the period from 19th to 23rd Aug. 1969. 

The observed momentum fluxes and the related meteorological conditions are 

shown in Table 1. The last run was an observation in a typhoon wind, in 

which wind speed at the height of 1.5 m exceeded 10m/sec. 
An example of traces of the input and output of the analog data analyser 

in Run T -4 is shown in Fig. 1. The scales of horizontal components increase 

downward. The outputs of mean values are somewhat delayed as they are 

filtered by the low pass filters of 100 sec in time constant. 
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Fig. 1. The monitoring traces of input and output of the analog 
data analyser in Run T-4. 

As is clear from this figure the smoothed curve of the vertical component 

(indicated as w) fluctuates slowly with unexpectedly large amplitude which is 

as large as 0.5 m/sec. The existence of such large slow changing vertical 

motion at the very low level of 1.5 m above the ground has never been re­

ported before. This might be evidence of the existence of a helical circulation 

as pointed out by Angell and Pack (1967). Such slow changing vertical 

motion would be the cause of error in vertical wind component measurement, 

if the sampling duration is as short as the half period of the fluctuation. In 

such a case, a large mean vertical component will be observed, which will 

cause misunderstanding of the observed results. The r m s value of the low 
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frequency component of the vertical velocity throughout Run T-4 (53 min), 

which is the output of the low pass filter sampled in every 60 sec, w, is as 
large as 0.15 m/sec. 

Even though there is such large slow changing vertical motion, its contri­
bution to the total eddy momentum flux is relatively small. This is because 

the amount of covariance between the vertical and horizontal velocity com­
ponents is filtered by low pass filters (w and u) ; this is 

(u- u) (w-w) =0.064 (m/ sec) 2, 

while the total covariance is 0.64 (m/sec) 2 as shown in Table 1. Therefore 

the contribution of the long period changes longer than 100 sec in period is 

only 10% of the total momentum flux. The mean value of the drag coef­
ficients to 1.5 m wind speed is 0.98 x I0-2• This value is almost the same as 
the value obtained on the same place (Mitsuta (1968aJ, Mitsuta, Hanafusa and 
Maitani (1970]), and would be the representative value for open bare ground. 

However the deviation of each drag coefficient from the mean value seems 

to increase with decreasing wind speed, especially when wind speed less than 

3m/ sec. The values of the drag coefficient are plotted against the mean wind 

speed at 1.5 min Fig. 2. In this figure the results of the previous experiments 
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Fig. 2. The variation of the drag coefficient Cd with the mean wind 
speed { 6 : winter 1966 (Mitsuta (1968a)), X : summer 1~67 (Mitsu­
ta et al. (1970)), 0: summer 1969} 

at the same place are also shown (Mitsuta (1968aJ, Mitsuta, Hanafusa and 

Maitani (1970]). 
The increase of drag coefficient with decreasing wind speed in the low wind 

speed range below 3 m/sec is clearly seen in this figure. The drag coefficient 
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in 1 m/sec wind is more than five times as large as the average value in high 

winds above 3m/sec, in which drag coefficient becomes constant. This increase 

of drag coefficient in low wind speed might correspond to the transition of 

airflow from turbulent to smooth, in which region the drag coefficient is a 

function of the Reynolds number. Detailed analysis of this subject will be 

published in near future. 

4. Conclusions 

Eddy momentum transport over open bare ground was observed by the 

use of the combination of a sonic anemometer and an analog data analyser. By 

the aid of the analog data analyser the values of the momentum transport 

can be obtained easily in real time, which is the great help in saving time for 

data processing and the resultant mean value of drag coefficient over bare 

ground to the mean wind speed at 1.5 m is about 1.0 x 10-2
• 

As a result, it is now clear that there exists a quite large low frequency 

component in vertical wind velocity fluctuations. However such long period 

changes are not so important to the total momentum flux. The contribution 

of the fluctuation longer than about 2 minutes to the total momentum flux 

was only 10 % in one case. 

At the same time, it is also clear that the drag coefficient increases with 

decreasing wind speed in low wind speed regions lower than 3m/sec. Above 

that wind speed it is almost constant. This may indicate the existence of a 

transient region in flow from turbulent to smooth in the low wind speed region 

lower than 3m/sec above the open bare ground. 

Acknowledgements 

The authors wish to express their gratitude to Professor R. Yamamoto of 

the Geophysical Institute, Kyoto University for helpful advice and encourage­

ment throughout the study. They are also indebted to Mr. T. Maitani in the 

course of the field experiment and to Mr. ]. Hano for his aid in preparing the 
experiment. 

References 

Angell, J. K. and D. H. Pack, 1967; Helical circulation in the planetary boundary layer, 
Boundary Layers and Turbulence (ed. by K. F. Bowden et a!.), American Institute of 
Physics, pp. 5226-229. 

Dyer, A. ]. and F. ]. Maher, 1965; The "Evapotron" and instrument for the measure­
ment of eddy fluxes in the lower atmosphere, Tech. Paper No. 15, Div. Meteor. 
Physics, CSIRO. 

Mitsuta, Y., T. Hanafusa and K. Sahashi, 1967; A new system for measurement of tur-



MEASUREMENT OF EDDY MOMENTUM FLUX NEAR THE GROUND 91 

bulent transfer processes, The Collection and Processing of Field Data (ed. by E. F. 
Bradley and 0. T. Denmead), Interscience Publishers, New York, pp. 47-54. 

Mitsuta, Y., M. Miyake and Y. Kobori, 1967; Three dimensional sonic anemometer­
thermometer for atmospheric turbulence measurements, Internal Rep. Disast. Prev. 
Res. Inst., Kyoto Univ. 

Mitsuta, Y., 1968a; Some results of direct measurement of momentum flux in the atmo­
spheric boundary layer by sonic anemometer, ]. Meteor. Soc. Japan, Ser. II, 46, 29-
35. 

Mitsuta, Y., 1968b; Application of sonic anemometer-thermometer to the studies of verti­
cal eddy transport processes in the atmospheric boundary layer, Special Contr. Geo­
phys. Inst., Kyoto Univ., No. 8, 45-60. 

Mitsuta, Y., T. Hanafusa and T. Maitani, 1970; Experimental studies of turbulent trans­
fer processes in the boundary layer over bare soil, Bull. Disast. Prev. Res. Inst., Kyoto 
Univ., 19, 4, 45-58. 

Mitsuta, Y. and 'T. Hanafusa, 1970; On the analog data analyser for the study of tur­
bulence in the boundary layer of the atmosphere. (to be published) 


